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TITLE OF THE INVENTION
Expanded foamed bead of a rubber-modified styrene

polymer ) .

R ; BACKGROUND OF THE INVENTION
Field Of The Invention

. The present invention relates to an improved
expanded ggamed bead of a rubber-modified styrene
polymer. More particularly, the present invention is
concerned with_an expanded foamed bead of a rubber-
modified styrene polymer, comprising a plurality of
closed cells defined by cell walls which constitute a
matrix for the bead. Each of the cell walls éomprises
two surfaces separatéd by a distance equal to the
thickness of the cell wall. The matrix comprises: (a)

a continuous styrene polymer phase; (b) a rubber phase

- dispersed in said continuous styrene polymer phase (a),

20

25

wherein the rubber phase'cbmprises a plurality of
substantially flat, butadiene polymer rubber particles
each having at least one styrene polymer particle
occluded therein; wherein the flat rubber particles are
arranged in.a specific lamellar configuration along the
thickness of the cell wali; The expanded foamed bead
of a rubber-modified styrene polymer of the present
invention is excellent in its ability to retain a

foaming agent gas within the closed cells, and can
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advantagéously be employed for producing, for example,
packaging materials and cushioning materials or pack-
ings which are improved in resistance to breakage, such
as cracking.

Discussion Of Related Art

Expanded foamed beads of a styrene polymer are
molded into varioﬁs shaped products. During the mold-
ing, the expanded foamed beads are further foamed (or
expanded) to give an ultimate foamed, molded product.
The obtained foamed, molded products are widely em-
ployed as, for example, packaging materials and cush-
ioning materials or packings. However, foamed, molded
products produced from conventional expanded foamed
beads of a styrene polymer are insufficient in resist-
ance to breakage, such as cracking. Therefore, for
example, when a foamed, molded product produced from
conventional expanded foamed beads of a styrene polymer
is used as a cushioning material in packaging an arti-

cle having a relatlvely large weight and the packaged

'artlcle is transported, there is a danger that when the

packaged article sustains a jolt or impact during the

‘transportation, the cushioning material suffers crack-

ing. When the packaged article further repeatedly
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sustains an impact after the cracking of the cushioning.

material, it is likely that the article is damaged.
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The cracking of a cushioning material can be prevented
by increasing the thickness of the cushioning material.
However, when the thickness of a cushioning material to
be used in packaging an article is increased, the
volume of the resultant package becomeé inevitably
disadvantageously increased, so that the efficiency of
the transportatioh is lowered.

In order to sélve the above problems, it has been
proposed to produce én expanded foamed bead from a
styrene polymer having a butadiene polymer added there-
to, i.e., a rubber-modified styrene polymer.

Unexamined Japanese Patent Application Laid-Open
Specification No. 56-67344 discloses an expanded foamed
bead of a styrene polymer having non-oriented rubber
particles dispersed therein. In the above Japanese
Patent document, a foaﬁed, ﬁolded product produced from
the expanded foamed beads of a rubber-modified styrene
polymer disclosed thereih is described to have an
improved impact strength. However, since the rubber
particles dispersed in the styrene polymer are of a
non-oriented type, it is difficult for the rubber
particles to change in conformity with the formation of
cells during the expansion of the rubber-modified
styrene.polymer. Thereforé, duriﬁg the expansion of

the rubber-modified styrene polymer, the rubber parti-
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cles are likely to be disadvantageously exposed on the
surfaces of cell walls or protrude into the cells,
thereby adversely influencing the cells. Especially

when a highly expanded foamed bead is produced, in -

“which the thickness of cell walls is very small, the

exposed or protruding rubber particles are likely to
damage the cell walls, so that the retention of a
foaming agent gas.in the cells is unsatisfacfory.
Unexamined Japanese Patent Application Laid-Open
Specification No. 63-175043 discloses an expanded
foamed bead which is uniform in cell size, and this
foamed bead is made from a styrene polymer obtained by
polymerizing a solution of a styrene-butadiene block

copolymer in a styrene monomer. Unexamined Japanese

Patent Application Laid-Open Specification No. 2-31154:

discloses an expanded foamed bead improved in the

strength of a molded product, in which the bead is mad¢

from_a styrene polymer obtained by polymerizing a
solution of a styrene-soluble rubber in styrene.
However, foamed, molded products produced from the

expanded foamed beads disclosed in these two Japanese

Patent documents are unsatisfactory in resistance to .

cracking.
The cracking resistance of a foamed, molded

product depends on various physiéal properties of the
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foamed, molded product, such as compressive strength,
tensile strength and elongation, and the structure of
cells in the foamed, molded product. These vafious
physical properties of and the structure of cells in
the foamed, molded product are influenced by the dis-
persion morphology of the rubber particles dispersed in
the styrene polymer constituting the cell walls in

expanded foamed beads used for producing the foamed,

" molded prodﬁct.

10

15

20

25

Unexamined Japanese Patent Application Laid-~Open
Specification No. 3-182529 discloses an expanded foamed
bead of a resin prepared by mechanically blending a
high impact polystyrehe and a hydrogenated styrene-
butadiene block copolymer. However, when a rubber
comﬁonent is mechanically blended with a resin, the
dispersion of the rubber component in the resin is
likély to be uneven, so that the dispersion of the
rubber component in the cell walls of an expanded
foamed bead of the resin inevitably becomes uneven.
The uneven dispersion of the rubber component in the
cell walls is likely to cause breakage of the cell
walls due to the presence of large aggregated rubber
particles and form a large number of open cells, which
allow a foaming agent gas to immediately escape there-

from. The breakage of the cell walls is especially
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prevalent in the case of a highly expanded foamed bead
in which the thickness of the cell walls is small, so

that the expanding capability of the expanded foamed

bead is lowered. When an expanded foamed bead having a

low expanding capability is subjected to molding under

foaming; the resultant foamed, molded product'iﬁevita-
bly has undesired voids between those beads, which are
formed during the molding due to the unsatisfactory
expansion of the expanded foamed beads. Such a molded
product having voids has a poor appéarance.

SUMMARY OF THE INVENTION

In the above situations,'the present inventors
have made extensive and intensive étudies with a view
toward developing an expanded foamed bead of a rubber-~

modified styrene polymer, which is free from the

above-mentioned problems of the prior art. As a result

of the above studies, with respect to an expanded
foamed bead of a rubber-modified styrene polymer,
comprising a plurality of closed cells defined by cell
walls which constitute a matrix for the bead, it has
unexpectedly been found that when the rubber particles
dispersed in the matrix are arranged in a lamellar
configuration along the thickness of the cell wall and
the dimensions of_each rubber particle and the thick-~

ness of the cell wall satisfy specific relationships,
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the expanded foamed bead has a high ratio of closed
cells and is excellent in the retention of a foaming
agent gas. Further, it has surprisingly been found
that when this expanded foamed bead is used for produc-
ing an ultimate foamed, molded product, the resultant
molded product is not only excellent in resistance to
cracking, but aiso has an excellent appearance. Thus,
the foamed, molded product can advantageously be em-
ployed as, for example, packaging-materiais and cush-
ioning materials or packinés. Based on these novel
findings, the present invention has been completed.

It is, accordingly, an object of the present
invention to provide an expanded foamed bead of a

rubber-modified styrene polymer, which has a high ratio

- of closed cells-even at a high degree of expansion and

is excelleﬁt in the retention of a foaming agent gas
and which can advantageously be employed for producing
a foamed, molded product exhibiting not only excellent
resistance to cracking but also an excellent appear-
ance.

It is another object of the present invention to
provide a process for producing the above-mentioned
novel expanded foamed bead of a rubber-modified styrene
polymer.

The foregoing and other objects, features and

[
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advantages will be apparent ﬁo those skilled in the a
from the following detailed description and claims
taken in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an enlarged diagrammatic view of
cross-sections of the éell wall of the expanded foame
bead of the present invention, taken along two planes
which extend in the direction of the thickness of the
cell wall and are transverse to each other, illustrat
ing the dispersion morphology of substantially flat | 10
:ubber particles dispersed in a continuous styrene
polymer phase in.the cell wall in the foamed bead of
the present invention;

Fig. 2(a) shows an enlarged diaérammatic view of
the fbamed bead of the present invention with a portit 15
thereof cut éway to show a cross-section of the foame
bead; | |

Fig. 2(b) shows an enlarged diagrammatic view of
portion of the cross-section of Fig. 2(a), which is
encircled by a broken line in Fig. 2(a); 20

Fig. 3(a) shows a diagrammatic view illustrating
the manner of protecting an article with a set of fous
packings (ultimate foamed, molded products) produced

from the expanded foamed beads of the present inventic

for packaging the article in a container (the article 25

e
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protected and packaged in the container is to be sub-
jected to drop testing);

Fig. 3(b) shows a diagrammatic view of the con-
tainer having the article protected and packaged there-
in in the manner shown in Fig. 3(a), showing three
edges and one corner which will be in collision with a
floor in the drop testing).

According to the present invention, there is
provided an expanded foamed bead of a rubber-modified

styrene polymer, comprising a plurality of closed cells

defined by cell walls which constitute a matrix for the

"bead, each of the cell walls comprising two surfaces

separated by a distance equal to the thickness of the
cell wall, |
the matrix comprising:
(a)
(b)

a continuous styrene polymer phase;
a rubber phase dispersed in the continuous
styrene polymer phase (a), comprising a plurality of
substantially flat, butadiene polymer rubber particles
each having at least one styrene polymer particle
océluded therein;

wherein the flat rubber particles are arranged in
lamellar configuration along the thickness of the cell
wall and are oriented so that the long axis of a

cross-section of each flat rubber particle, as viewed
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in a cross-section of the cell wall, taken along the
thickness of the cell wall, is substantialiy parallel
to the two surfaces of the cell wall, and wherein the
cell wall and each flat rubber particle satisfy the:
5 formulae I and II: 5
0.01 g a/c g 0.2 (I), and
10 £ b/a g70 (II)
wherein a represents the thickness (um) of
- the rubber particle as measured in terms of
10 the length of the.short axis of the cross-- _ 10
section of the rubber partféle; b represents
the diameter (um) of the rubber particle as
measured in terms of the length of the long
axis of the cross-section of the rubber
15 particle, and c represents the thickness 15
(pm) of the cross-section of the bell wall.
Referring now to Figs. 1 through 3(b), the presen
invention is described below in detail.
Fig. 1 shows an enlarged diagrammatic view of
20 cross-sections of the cell wall of the expanded foamed 20
bead of the present invention, taken along two planes
which extend in the direction of the thickness of the
cell wall and are transverse to each other. The figur
illustrates the dispersion morphology of substantially

25 flat rubber particles dispersed in a continuous styren 25
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polymer phase in the cell wall in the foamed bead of

the present invention. 1In Fig. 1, numeral 1 designates
a cell wall, numeral 2 designates a surface of cell

wall 1; numeral 3 designates continuous styrene polymer

phase (a), numeral 4 designates rubber particle (b);

numeral 5 designates a styrene polymer particle occlud-
ed in rubber particle (b); charactérs a and b designate
the lengths of the short and long axes of the cross-
section of rubber particle (b), respectively}'aﬂd
character c deéignates the thickness of the cross-
section 6f cell wall 1.

Fig. 2(a) shows an enlarged diagrammatic view qf
the foamed bead of a rubber-modified styrene polymer 6
of the present invention with a portion thereof cut
away to show a cross-section of the“ﬁoamed bead. 1In
Fig. 2(a), numeral 6 designates the foamed bead of the
present invention and numeral 7 designates a élosed
cell in the foamed bead.

Fig. 2(b) shows an enlarged diagrammatic view of a
portion of the cross-section of Fig. 2(a), which is
encircled by a broken line in Fig. 2(a). 1In Fig. ﬁ(b),
numeral 7 desigﬁatés a closed cell in the foamed bead
and numeral 1 designates a ceil wall.

The expanded foamed bead 6 of the present inven-

tion comprises a plural;ty of closed cells 7 defined by
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cell walls 1 which constitute a métrix for the bead 6§
each of the cell walls 1 comprising two surfaces 2
(ohly one .surface is shown in Fig. 1) separated by a
distance equal to the thickness ¢ of the cell wall 1.

The matrix comprises:

(a) a continuous styrene polyme; phase 3;

(b) a rubber phase di#persed in the continuous
styrene polymer phase (a) 3, comprising é plurality o
substantially flat, butédiene polymer rubber particle
4 each having at least one styrene polymer particle 5lo
occluded therein.

In general, when a rubber-modified styrene polyn
is jolted.or impacted, it exhibits a resistance to
crackihg. The cracking resistance of a rubber-modifi
styrene polymer is due to the presence of a rubber 15
phase dispersed in a styrene polymer phase, the rubbe
phase serving to suppress the spread of a cracking
caused by the impact on the styrene éolymer phase.
Therefore, also with respect to a foamed, molded
product produced from a foamed bead of a rubber-modi- 3
fied styrene polymer, it is considered that, as in th
case of a non-foamed, rubber-modified styrene polymer

a cracking resistance is exhibited due to the presenc

©of the rubber particles in the cell walls as the matr

of the foamed bead, the rubber particles serving to 25

[
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suppress the spread of a cracking caused by the impact

on the styrene polymer phase. However, in the foamed,
molded product produced from the foamed bead of a
rubber-modified styrene polymer, the configuration of
the rubber particles, the molecular orientation of the
rubber particles, and the molecular orientétion of the
styrene polymer are completely different from those in
the non-foamed, ruﬁber-modified styrene polymer.
Therefore, between a non-foamed, rubber-modified sty-
rene polymer and a molded product produced from a
foamed bead of the rubber—modified styrene polymer,
there is a large difference in the type of dispersion
morphology bf the rubber phase suitable for imp;oving a
cracking resistance.

With respect to a foamed bead of a rubber-modified
styrene polymer, the present inventors have for the
first time found that when the rubber particles dis-

persed in the continuous styrene polymer phase are

arranged in a specific lamellar configuration along the

"thickness of the cell wall and the dimensions of each

rubber particle and the thickness of the cell wall
satisfy spécific relationships, the foamed bead has a
high ratio of closed cells even at a high degree of
expansion or goaming and is excellent in the retention

of a foéming~agent gas, and a molded product produced

This Sheet Has Been Reﬁaced
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therefrom is not only excellent in resistance to crac)
ing, but also has an excellent appearance.

In the present invention, as shown in Fig. 1, the
flat rubber particles 4 are arranged in lamellar con-
figuration along the thickness of the cell wall 1 and g5

are oriented so that the long axis of a cross-section

' of each flat rubber parﬁicle 4, as viewed in a cross-

10

15

20

25

section of the celi wall 1, taken along the thickness
of the cell wall 1, is substantially parallel to the
two surfaces 2 of the cell wall 1, and the cell wall 110
and each flat rubber particlé 4 satisfy the formulae ]
and II:
0.01 g a/c £ 0.2 (I), and
10 ¢ b/a g 70 (II)
wherein a represents the thickness (um) of the 15
rubber particle as ﬁeasured in terms of the lengt
of the short axis of the cross-sectioﬁ of the
rubber particle; b represents the diameter (um) ¢
the rubber particle as measured in terms of the
length of the long axis of the cross-section of 20
the rubber particle, and c represents the thick-
ness (um) of the cross-section of the cell wall.
In the present invention, the éspect ratio b/a
[i.e., the ratio of the diameter (um) of the rubber

particle, as measured in terms of the length of the 25
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long axis of the cross-section of the rubber particle,
to the thickness (um) of the rubber particle as meas-
ured in terms of the length of the short axis of the
cross-section of the rubber particle], which repfesents
the flatness of a cross-section of a flat rubber parti-
cle, as viewed in a cross-section of the cell wall,
taken along the thickness of the cell wall, is a value
obtained as an'average of the values of aspect ratio
b/a of 20 rubber particles randomly selected in the
cross-section of the cell wall.

As mentioned above, in the present invention, the
ratio b/a is in the range from 10 to 70. The ratio b/a
is preferably in the range from 10 to 40. When the
ratio b/a is less than 10, the rubber particles tend to
be exposed on the surfaces of the cell walls, so that
the retention of a foaming agent.gas in the cells is
lowered. On the other hand,.when the ratio b/a is
larger than.70, the thickness of the rubber particle is
excessively small relative to the size of the surface
of the rubber particle, resulting in a lowering of the
ability of the rubber particles to suppress the spread
of a crack through the styrene polymer phase, so that
the cracking resistance oflan ultimate foamed, molded

product is lowered..

In the present invention, the ratio a/c [i.e., the

-This Sheet Has Been Replaced
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ratio of the thickness (um) of the rubber particle, a
méasured in terms of the length of the.short éxis of
the cross-section of the rubber particle, to the thic
ness (pum) of the cross-section of the cell wali] is. a
5 value obtained as an average of the values of ratio a
| between the cross-section of the cell wall and eaéh o
the 20 rubber particles randomly selected in the
cross-section of the éell wall.
As mentioned above, in the present invention, th
10 ratio a/c is in the range from 0.01 to 0.2. The réti: 10
a/c is preferably in the range from 0.01 to 0.1. Whe
.the ratio a/c is less than 0.01, the thickness of the
rubber particle is too small relative to the thicknes
of the cell wall, resulting in a lowering of the abil
15 ty of ﬁhe rubber particles to suppress the spread of i 15
crack throuéh the styrene polymer phase, so that the
cracking resistance of an ultimate foamed, molded
product.is lowered. On the other hand, when the rati
a/c is larger than 0.2, the rubber particles tend to-
20 exposed on the surfaces of the cell walls, so that th 20
retention of a foaming agent gas in the cells is low-
ered.
The thickness of the cross-section of the cell

wall is preferably in the range from 0.2 to 10 um, mo

25 preferably from 0.3 to 5 um. 25
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In the present invention, the number of the flat,
butadiene polymer rubber particles which are arranged
in lamellar configuration along the thickness of the
cell wall, is preferably from 2 to 20, more preferably
from 2 to 10. The flat particles are oriented so that

the long axis of a cross-section of each flat rubber

particle, as viewed in a cross-section of the cell

wall, taken along the thickness of the cell wall, is
substantially parallel to the two surfaces of the cell
wall. When the fiat :ubber particles are not oriented
in the above-described manner, fhe ability of the flat
rubber particles to suppress the spread of a crack is
low.

The values a, b and ¢ can be measured by the
following method: |

A portion of ah expanded foamed bead is cut away
to exéose a cross-section thereof; the foamed bead
having a qfoss-section exposed is immersed in an aque-
ous 2 % osmium tetrachloride solution for 24 hours to
thereby stain the cross-section, followed by a washing
the foamed bead is embedded in an
époxy resin which can be cured at room temperature; an
ultrathin slice is cut out from the cross-section of

the embedded foamed bead, using an ultramicrotome; and

an electron photomicrograph of the ultrathin slice is
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taken; and the values a, b and c are measured on the the
electron photomicrograph. | of

The configuration of a flat rubber particle as for

viewed in a direction perpendicular to the surfaces the

5  the cell wall is not specifically limited and can be 5 the
varied, for example, a circular, elliptic or polygon: pax
configuration. ' ~ the

There is no particular limitation with respect t The

the configuration of the foamed bead of the present of

10 invention. Examples of morphologies of the foamed bg pxr:
include a sphere, a cylinder, and an ellipsoid. las

In the present invention, it is preferred that t thi

foamed bead have an apparent density of from 0.014 t¢ rul

0.100 g/cm3. It is more preferred that the apparent the

15 density be from 0.014 to 0.07 g/cm3. When the apparéjg - of
density is less than.0.014 g/cm3, the ratio oi closex la.

cells of the foamed bead is low, and also the strengi in

bf an ultimate foamed, molded product is low. On thi ti

other hand, when the apparent density is larger than of

20 0.100 g/cm3, the amount of the rubber-modified styrei2g ir
polymer used is disadvantageously increased, so that pc

the cost is increased. 0.

In the foamed bead of the present invention, tht tt

fact that the flat rubber particles are arranged in £:

25 specific lamellar configuration alopg the thickness ' 25 e:
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the cell wall means that in the course of the foaming

. of the rubber-modified styrene polymer toward the

formation of the foamed bead, i.e., in the course of
the development and expansion of cells, which causes.
the cell walls to be stretched, the dispersed rubber
particles are appropriately oriented in conformity with

the stretching of the continuous styrene polymer phase.

- The speeific lamellar configuration of the arrangement

of the flat rubber particles can be attained by appro-
priateiy selecting a relationship between the viscoe-
lasticitylof'the continuous styrene polymer phase and
that of the rubber phase. The viscoelasticity of a
rubber is varied depending on the cress-linking degree,
the molecular weight and the like. The viscoelasticity

of a styrene polymer is varied depending on the molecu-

lar weight and the like. From the viewpoint of attain-

ing an appropriate relationship between the viscoelas-
ticity of the continuous styrene polymer phase and that
of the rubber phase, in the foamed bead of the present
invention, it is preferred that the continuous styrene
polymer phase (a) have an intrinsic viscosity of from
0.6 to 0.9 dl/g as measured in toluene at 30 °C, and

the matrix have a gel moiety with a swelling index of

'from 6.5 to 13.5, the gel moiety being defined as an.

extraction residue of the extraction of the foamed bead .

-
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with toluene at 25 °C, the swelling index of the gel

moiety being defined as a value (B) obtained aécordim

to the formula III:

B = 100 « (W - Wy)/Wy (III)

wherein W, represents thé weight of the gel.

moiety swelled with toluene at 25 °C, and W,

represents the weight of the gel moiety

obtained by drying the swelled gel moiety.
fhe “intrinsic viscosity" mentioned herein means a
viscosity obtained by extrapolating a curve based on
the réduced viscosity against.the'conqentration to
infinite dilution. The "gel moiety" mentioned herein
.corresponds to the rubber phase.

When the intrinsic viscosity of ﬁhe continuous
Styrene polymer phase is less than 0.6, the molecular
weight of the continuous styrene polymer phase is too
low, so thaf the flowability of the continuous styremn
polymer phase becomes large and the strength of the
continuous styrene polymer phase is lowered. When th
intrinsic viséosity of the continuous styrene polymer
phase is larger than 0.9, it is difficult to prepare i
appropriate rubber-modified styrene polymer, using su
a styrene polymer. It is more preferred that the
intrinsic viscosity of the continuous styrene polymer

phase be from 0.65 to 0.85.
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When the swelling index of the gel moiety is less
than 6.5, the cross-linking degree of the gel moiety is
too high, sd that the thickness of each rubber particle
is less likely to become appropriately small in thick-
ness in the course of the formation of_a foamed bead.
On the other hand, when the swelling index of the gel
moiety is larger than 13.5, the cross-linking degree of
the gel moiety is too low, the elongation becomes
insufficient, so that the cracking resistance is poor.
It is more preferred that the swelling index of the.gel
moiety be from 8.5 to 12.5.

- In the present invention, the cross-linking of the
rubber phase ocﬁurs during the production of the ;ub-
ber-modified styrene polymer. Illustratively stated,
after a solution of a rubher in a styrene monomer is
polymerized, the resultant reaction mixtufe is intro-
duced to a volatlllzatlon apparatus which is heated (at
150 °C or more) in vacuo, to thereby remove the unre-
acted styrene, thus obtaining a rubber-modified styrene
polymer.' In this operation for removing the unreacted
styrene, the rubber phase undergoes cross-linking by
heat. |

In the foamed bead of the present invention, it is

preferred that the flat rubber particle be comprised of

at least one butadiene polymer selected from the group
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consisting of a polybutadiene and a styrene-butadieng
block copolymer.

It is also preferred that the'continuous styrenc
polymer phase (a) be comprised of at least one styrer
polymer selected from the grou§ consisting of a po-
lystyrene and a styrene copolymer having a styrene
content of 50 % by weight or more.

The rubber-modified styrene polymer used in the
'present invention is a composition in which butadien¢
polymer rubber particles are dispersed in a styrene
polymexr. In general, dispersion of butadiene polyme:
rubber particles in a styrene polymer can be attainet

by either (1) a method in which a butadiene polymer

rubber is dissolved in a styrene monomer or a mixture

of a styrene monomer with another monomer, and the
resultant solution is polymerized, thereby obtaining.
styrene polymer having rubber particles dispersed
therein; or (2) a method in which a butadiene polyme:
rubber is mechanically blended with‘a styrene polyme:
In the present invention, the dispersing method (1)
above (non-mechanical dispersion) can be suitably
employed'since rubber particles can be evenly dis-
persed. In the present invention, it is not preferxt
to use the dispersing method (2) (mechanical disper-

sion) since when a rubber component is mechanically
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dispersed, problems occur such that a dispersed rubber
particle is likely to assume an irregular shape, the
dispersion of rubber particles is likely to be uneven
and a'microdispersion is less likely to be achieved.

In the present invention, when the dispersing
method (1) (non-mechanical dispersion) is used, in the
resultant rubber-modified styrene polymer, each rubber
particle has either (1) a core-shell structure wherein
a single particle of a styrene polymer is occluded as a
core in the rubber particle which constitutes a shell,
or (2) a structure wherein at least two styrene polymer
pafticles are occluded in the rubber particle (the so-
called "salami" structure). In rubber-modified sﬁyrene
polymers to be used in the present invention, the
rubber phase is comprised of rubber particles having a
core-shell structure, a salami structure, or a combina-
tion thereof.

In the rubber-modified styrene polymer, it is
preferred that the rubber phase be comprised of rubber
particles each having a diameter of 1 um or less and
having a core-shell structure.. In.this case, it is
more preferred that each (core-shell structure) rubber |
particle have a diameter'of from 0.1 to 1 um, more
In the rubber-modified

preferably from 0.1 to 0.5 um.

styrene polymer to be used in the present invention, it
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is also preferred that the dispersed rubber phase b
comprised of almixture of 80 % by weight or more, b
on the weight of the rubber phase, of rubber partic
each having a diameter of 1 um or less and having a

core-shell structure wherein a single particle of agq
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styrene polymer is occluded as a core in the rubber

particle which constitutes a shell, and 20 % by weli
or less, based on the weight of the disperséd rubbe:

phase, of rubber particles each having a salami stn

ture wherein at least two styrene polymer particleslo.

occluded in each rubber particle. 1In this case, it

more preferred that each rubber particle having a

core-shell structure have a diameter of from 0.1 to

1l pym, more preferably from 0.1 to 0.5 um.

With respect to the rubber-modified styfene PO.15

wi:
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is
£l
be
cl
oxr

ccC

nc
ir
B>

t!

mer to be used in the present invention, when é rubl
particle has a core-shell structure and has a diamel
of 1 ym or less, even-dispersion of flat rubber pari
cles in the cell walls of a foamed bead can be ob-
20 tained. Especially in the case of the production oiio'

highly expanded foamed bead, in which the thickness
a cell wall is small, rubber particles each having ¢
diameter as small as 1 um or less are suitable for

facilitating even dispersion of flat rubber particlt

25 in the cell walls of a foamed bead. On the other hi 25
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with respect to rubber particleé each having a salami
structure wherein at least two styrene polymer parti-
cles are occluded in each rubber particle, the particle
diameter thereof tends to be more than 1 um, so that it
is somewhat difficult to obtain an even dispersion of
flat rubber particles in the cell walls of a foamed
bead. However, in the present invention, rubber parti-
cles each having a salami structure may be used alone
or in combination with rubber particles each having a
core-shell structure.

The configuration of each rubber particle. in the
non-foamed rubber-modified styrene polymer to be used
in the present invention is not particularly limited.
Examples of configurations of each rubber particle in
the non-foamed rubber-modified styrene polymer include
a sphere, an ellipsoid, and an ifregular shape.

With respect to the foamed bead of the present
invention, it is preferred that each flat rubber parti-
cle have a core-shell structure wherein a single parti-
cle of a styrene polymer is occluded as a core in the
rubber particle which constitutes a shell. - With re-
spect to the foamed bead of-the present invention, it
is also preferred that the dispersed rubber phase be

comprised of a mixture of 80 % by weight or more, based

on the weight of the dispersed rubber phase, of flat
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rubber particles each having a core-shell structure sty
wherein a single particle of a styrene polymer is . but.
occluded as a core in the rubbe;'pa:ticle which consf one
tutes a shell, and 20 % by weight or less, based on t the
5 weight of the dispersed rubber phase, of flat rubber 5 sic
particles each having a salami structure wherein at - mod
least two styrene polymer particles are occluded in ing
-each rubber particle. | def
There is no particular limitation with respect t the
10 - the weight of the foamed béad of the present .'anen't:ir.:-j_Q 25
However, it is preferred that the average weight of t def
foamed bead be from 0.2 to 2 mg, more preferably fron. la

0.4 to 1.2 mg. Herein, the term "average weight of t
foamed bead" means a value obtained as an average
15 wéight of 200 foamed beads randomly selected. 15
In another aspect of the present invention, ther
is provided a process for producing an expanded foame

bead of a rubber-modified styrene polymer of the

present invention, which comprises:

20 (1) melt-kneading a rubber-modified styrene 20 hic
polymer with a foaming agent in an extruder to form & 50
molten mixture therein, the rﬁbber-modified styrene nat
polymer comprising: - ] foi

(a) a continuous styrene polymer phase;

25 (b) a rubber phase dispersed in the continuous 25 ru
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styrene polymer phase (a), comprising a plurality of
butadiene polymer rubber particles each having at least
one styrene polymer particle occluded therein, wherein
the continuous styrene polymer phase (a) has an intrin-
sic viscosity of from 0.6 to 0.9 dl/g, and the rubber-
modified styrene polymer has a gel moiety with a swell-
ing index of from 6.5 to 13.5, the gel moiety being
defined as an extraction residue of the extraction of

the rubber-modified styrene polymer with toluene at

25 °C, the swelling index of the gel moiety being

defined as a value (B) obtained according to the formu-

la III:

B = 100 « (W, - Wy)/W, (III)

wherein W; represents the weight of the gel
moiety swelled.with toluene at 25 °C, and W,
represents the weight of the gel moiety |
obtained by drying the swelled gel moiety,
(2)

higher for 15 minutes or more under a pressure of from

retaining the molten mixture at 130 °C or

50 to 300 kg/cm?G in the extruder to thereby impreg-
nate the rubber-modified styrene polymer with the
foaming agent,

(3)

rubber-modified styrene polymer into water, followed by

extruding the resultant molten, impregnated
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cutting of the extruded polymer, and

(4) heating the cut, impregnated rubber-modifi
styrene polymer.

The rubber-modified styrene polymer té be used,
producing ah expanded foamed bead of the present iny
tion can be prepared by a customary method, such as, °
bulk polymerization method, a combined method of bul
polymerization and suspensibn polymerization, or an
irradiation polymerization method.

For example, the bulk polymerization method can
be practiced as follows: *0

First, a buiadiene polymer'rubber is dissolved.

a styrene monomer and the resultant solution is sub-

jected to polymerization at an elevated temperature

while stirring.

15
Examples of butadiene polymer rubbers include

- polybutadienes (including low-cis polybutadiene havi

20

25

a cis-1,4 addition content of 35 %, a trans-1,4 addi
tién content of 52 % and a 1,2 addition content of

13 %; and high-cis polybutadiene having a cis-1,4 20
addition content of 90 to 98 %, a trans-1,4 additior
content of 1 to 4 % and a 1,2 addition content of 1°

6 %), a styrene-butadiene copolymer (a random SBR an

block SBR), a polyisoprene, and a butadiene-isopren¢

block copolymer. Of these examples, polybutadiene 32 )
' 5
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a styrene-butadiene block copolymer are preferred.
These butadiene polymer rubbers can be employed alone
or in combination.

Examples of styrene monomers include styrene;
styrene derivatives in which an alkyl group is attached
as a substituent to the benzene nucleus, such as o-
methylstyrene, p-methylstyreng, m-methylstyrene, 2,4-
dimethylstyrene and ethylmethylstyrene; a-alkyl-
substituted styrene-derivatives, such as a-
methylstyrene; and styrene derivatives in which a
halogen atom is attached as a substituent to the ben-
zene nucleus) such as o-chlorostyrene. These styrene
monomers can be used alone or in combination.

At least one monomer other than a styrene monomer
may be employed as a comonomer. Examples of comonomers
include acrylonitrile, methyl methacrylaﬁe, and maleic
anhydride.

When the polymerization reaction is conducted, a
solvent may be used. Examples of solvents include
-aromatic hydrocarbons, such as toluene, xylene, and'
ethylbenzene. These solvents can be used alone or in
combination.

The polymerization reaction can be effected simply
by heéting ét a temperature of from 100 to 180 °C

without using a polymerization initiator. However, for
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obtaining a polymer having a high guality, a polymerg
zation initiatqr may preferably be employed. Exampl%
of initiators include péroxyketals, such as 1,l-bis(¢
butylperoxy)cyclohexane° dialkyl peroxides, such as '
di-t- butyl peroxide; diaryl peroxldes, such as benzoﬁ 5
peroxide; peroxydicarbonates; peroxyesters, ketone
peroxides; and hydro peroxides.

A chain tfansfer agent may be used for the poly-
merization reaction. Examples of chain transfer agen
include a-methylstyrene dimer; mercaptans, such as n- 10
dodecyl mercaptan, t-dodecyl mercaptan, i—phenylbuteq
2-fluorene, dipentene and chloroform; terpenes; and
halides.

The reéction temperature is generally in the raﬁ
from 50 to 170 °C, preferably from 90 to 155 °C. The 15
reaction temperature may be constant or hay be gradui
ly elevated during the reaction. When a gradual elev
tion of reaction température is to be conducted, the
temperature may, for example, be elevated stepwise i1
manner such that the temperature is elevated 2 or mol 20
times at a temperature elevation rate of 0.2 to
2 °C/minute, preferably 0.4 to 1.5 °C/minute. The
rgaction is continued until a desired conversion has
been achieved. After completion of the reaction, th

unreacted monomer and any solvent used are removed b 25

-
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~monomer is polymerized (see Example 1).
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for example,_heating in vacuo to obtain a rubber-
modified styrene polymer.

The obtained rubber-modified styrene polymer is
continuously supplied to an extruder. The supplied-
polymer is heat-melted and extruded into strands
through orifices provided at a die of the extruder.

The extruded strands are immediately cooled in a Qatér
bath, while being fecéiQed between upper and lower
drive roils, which send the cooled polymer strands to a
rotary cutter. The rotary cutter.cuts the polymer
strands in a transverse direction at predetermined
intervals, thereby obtaining polymer beads.

For forming dispersed rubber particles haviﬁg a
core-shell structure wherein a single particle of a
styrene polymer is occluded as a core in the rubber
particle, it is preferable to use, for example, a
sﬁyrene-butadiene block copolymer as a rubber compo-
nent. That is, for preparing a feed stock for polymer-
ization, first, a styrene-butadiene block copolymer is
dissolved in a styrene monomer and then, the styrene
When the
styrene-butadiene block copolymer is dissolved in the
styfene monomer, the stytene_polymer blocks of the
block copolymer bind together, whereas the butadiene

polymer blocks bind together. Since the continuous
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phase being formed by pbiymerization is of a styrene
polymer, the styrene polymer blocks bound toge;her ay
unified into the contiﬁuous polystyrene phase, whileb
portion.of the styrene monomer enters into the butadi
ene polymer blocks bound together,.so that the butad%
ene polymer blocks together form a shell around a coy
formed of a single particle of the styrene polymer.

In general, fér efficiently forming dispersed 'E
rubbér particles having a core-shell structure, there
can be used, for example, a method in which the affiy
ty of the butadiene polymer to the styrene polymer is
enhanced; a method in which the viscosity of a feed |,
stock solution to be used for polymerization is appro
priately adjusted; a method in whidh the rate and tin
of stirring the reaction system during polymerization
are appropriately adjusted; and a method in which
uniform stirring of the reaction system is conducted.
That is, formation of dispersed rubber particles havi
a core-shell structure can be achieved by appropriate
choosing reaction conditions for producing a rubber-
modified styrene polymer. With respect to the detail
of the appropriate conditions, reference can be made
to, for example, Unexamined Japanese Patent Applicat’
Laid-Open Specification No. 60-130613.

On the other hand, for forming'dispersed rubber .
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particles having a salami structure wherein at least
two styrene polymer particles are occluded in each
rubber particle, it is preferable to use a polybutadi-
ene as a rubber component. That is, for preparing a
feed stock solution for polymerization, first, a poly-
butadiene is dissolved in a styrene monomer and then,
the styrene monomer is polymerized (see Example 2). 1In
this case, since there is present only a polybutadiene
in the continuous phase of the styrene polymer, the
polybutadiene forms particles while a poftion of the
styrene monomer enters into polybutadiene particlés’
being formed, so that a plurality of styrene polymer
particles are occluded in each butadiene rubber parti-
cle.

As an alternative method for producing a rubber-
modified styrene polymer, a combined method of bulk
polymerization and suspension polymerization.can also
be utilized. 1In this method, a bulk polymerization is
conducted in the early stage, and a suspension polymer-
ization is conducted in the later stage. That is, a
butadiene polymer is dissolved in a styrene monomer to .
obtain a solution for polymeﬁization. Using this
solution, first, 10 to 40 % by weight of the styrene

monomer are polymerized with the butadiene polymer in

the same manner as in the above-mentioned bulk polymer-
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ization, to thereby obtain a mixture of a partially

polymerized styrenelpolymer and the remaining styren
monomer. The obtained mixture is stirred and dispeq
in an aqueoﬁs medium in the presence of a suspension
stabilizer and a surfactant, and subseguently a susp

sion polymerization is allowed to proceed in the lay

stage. After completion of the suspension polymeriz

tion, the resultant rubber-modified styrene polymer |
washed and dried. If desired, the obtained polymer i
be formed into pellets or a powder.

Additives can be added to the rubber-modified
styrene polymer, sﬁch as a dye, a pigment, a lubrica
a filler, a releasing agent, a plasticizer, an anti-
static agent, a foam-nucleating agent and é stabilizp
to ultraviolet rays, as well known in the art.

-In the present invention, an expandable, foamabl
polymer particle, an expanded foamed bead of a rubbe}
modified styrene polymer of the present invention an!
an ultimate foamed, molded product can be obtained a
follows:

The above-obtained rubber-modified styrene poly

is impregnated with a foaming agent. For impregnatit

a rubber-modified styrene polymer with a foaming agef

and molding the resultant impregnated polymer with i

situ foaming and expansion, there can be advantageov’
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used a so-called extrusion/impregnation method.

In the extrusion/impregnation method, the rubber-
modified styrene polymer is heat-melted in an extruder.
To the resultant molten styrene polymer, a volatile
foaming agent is introduced under pressure through a
feeding line which is connected to the extruder. The
rubber-modified styrene polymer is melt-kneaded with
the foaming agent in the extruder. Then, the resultant
molten mixture is retained in the extruder for 15
minutes or more, preferably 20 minutes or more and,
subsequently, the molten mixture is extruded into
strands through orifices provided at a die of the
extruder.

The extruded straﬁds are immediately cooled in a
water bath, while being received between upper and lower
drive rolls, which send the cooled polymer strands to a
rotary cutter. The rotary cutter cuts the polymer
strands in a transverse direction at predetermined
intervals, thereby obtaining polymer beads. Alterna-
tively, the molten mixture can be extruded into waterf
and the extrudate can be cut in the water immediately
upon extrusion. This method is preferred because the
pieces obtained by cutting can easily becbmeispherical.

For achieving a good balance in the expansion of

the rubber-modified styrene polymer between the viscoe-
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lasticity of the continuous styrene polymer phase a%?
the viscoelasticity of the dispersed rubber phase sé
that the specific dispersion morphology of the rubb%
particles (wherein the rubber particles are dispers%:
in substantially flat forms) can be obtained, it is%s

effective to retain the molten mixture of the rubber

- modified styrene polymer and the foaming_ageht in thy

10

15

20

25

extruder at 130 °C or higher for 15 minutes or more,
preferably for 20 minutes or more under a pressure o}
from 50 to 300 kg/cm2G, preferably from 100 to 10
200 kg/cm2G. The reason for ﬁhis has not yet been
elucidated, but presumably resides in that both the
rubber component and the styrene polymer are suffi-
ciently and uniformly impregnated with the foaming
agent to appropriately plasticize the rubber componeijs

When the pressure is higher than 300 kg/csz, i
is necessary to increase the strength of the extrude
with respect to the pressure resistance, so that the
cost for the extruder becomes high.

On the pthe; hand, when the pressure is lower tl20
50 kg/csz, the rate of the extrusion is decreased,
leading to a lowering of the productivity.

The retention time of the molten mixture of a
rubber-modified styrene polymer and a foaming agent

under the above-mentioned specific conditions can be 25
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reqgulated by providing a conduit between an extruder
and a die thereof and appropriately adjusting the
length of the conduit. Alternatively, the retention
time can be regulated by appropriately adjusting the
rate of the extrusion.

On the other hand, foaming agent-impregnated,
rubber-modified styrene polymer beads to be used for
producing foamed beads of the present invention can
also be obtained by a so-called suspension/impregnation
method. In this method, beads of the rubber-modified
styrene polymer are dispersed in an agqueous medium in
the presence of a suspension stabilizer and a sﬁrfact-
ant while agitating. A foéming agent is introduced to
the agqueous medium under a pressure of,_for example,
about 50 kg/csz, while heating at room temperature to
about 120 °C, to thereby impregnate the rubber-modi--
fied styrene polymer with the foaming agent. In this
méthod,_it is important to have a satisfactorily long
impregnation time.

Examples of volatile foaming agents to be used for

. producing expandable, foamable pellets or particles of

the present invention, include aliphatic hydrocarbons,

such as propane, butane, pentane, hexane, heptane and

petroleum ether; alicyclic hydrocarbons, such as cyclo-

pentane and dichlorohexane; and halogenated hydrocar-
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bons, such as meth&l chloride, ethyl chloride, methyj
bromide, dichlorodifluoromethane, 1,2-dichlorotetra-|
fluoroethane and monochlorotrifluoroethane.

The foamable pellets or particles of a rubber--

modified styrene polymer impregnated with a foaming 5

agént can be expanded and foamed using steam by mean{
of a conventional machine used for producing foamed |
polystyrene beads to obtain expanded foamed beads of)

rubber-modified styrene polymef. In the operation fy

‘expansion and foaming of the foamable pellets or parglo

cles, heating is conducted at a temperature of from f
to 104 °C for 10 to 150 seconds, preferably for 20 t{
60 seconds. .

As an alternative method of expanding pellets of
particles of a rubber-modified styrene polymer impreqls
nated with a foaming agent, there can be employed a
method in which the pellets or particles are subjectt
to annealing in warm water before the heating for
expansion and foaming, so that expanded foamed beads,

each having a uniform cell size, can be obtained.

20
The expanded foamed beads of a rubber modified
. styrene polymer of the present invention can be sub-
jected to molding by means of a conventiohal molding
machine for producing foamed, molded poiystyrene
products, in which the expanded foamed beads are fu- ¢
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sion-unified with in situ expansion and foaming, so
that an ultimate foamed; molded product can be ob-
tained.

Best Mode for Carrying Out the Invention

The present invention will be described in greater
detail with reference to the following Examples and
Comparative Examples, which should not be construed as
limiting the scope of the present invention. 1In the
Examples and Comparative Examples, the properties of
each of a rubber-modified styrene polymer, a foamed
bead of a rubber-modified styrene polymer and a foamed,
molded product thereof are measured as follows:

(1) Apparent density of an expanded foamed bead of a
rubber-modified styrene polymer:

The term "apparent density" is defined as a value
obtained by dividing the weight of the expanded foamed
bead by the volume of the expanded foamed bead.

The apparent density of an expanded foamed bead is
obtained as follows: |

About 5 g of expanded foamed beads of a:rubber-
modified styrene polymer are weighed with an accuracy

3

on the order of 0.01 g. Separately, from 50 to 100 cm

of water is poured into a 200 cm3 glass measuring
cylinder having a minimum graduation unit of 1 em3. A

pushing tool is submerged in the water, which is con-
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structed of a circular wire .netxhaying: a diameter

61 eter of the cylin|

e ,....,.»...-s

slightly smaller than the innery
der and a wire (having a length of-from 15 to 30 cm)
vertically extended from the center-of-the net. Then
the water level is read to obtain. .level Hy (cm ) -
Subsequently, the pushlng tool is removed. . The above,
weighed beads are placed in the cylinder, and fhen, th
beads are completely submérged in the water by means ’
the pushing tool to obtain level Hy (cm3). The appar-.
ent density of the bead, o (g/cm3), is obtained accorj
ing to the follow;ng formula:
p = W/(H2 - Hy)

wherein W represents the total weight of the foamed

beads, H; represents the water level before the foameé
beads are placed in the cylinder, and H,y represents t*
water level after the foamed beads are completely

submerged in the water.

(2) Bulk density of a foamed, molded produgt:

A bulk density of a foamed, molded product, D
(g/cm3), is calculated by thé following formula in
accordance with JIS K6767:

D = G/V
where G represents the weight of a foamed, molded
product sample; and V represents the volume of the

foamed, molded product sample.
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The weight [G(g)] and volume [V(cm3)] of a foamed,
molded product sample are obtained as follows:

A portion of a foamed, molded product is cut out
to obtain a fectangular parallelopiped as a sample.
The weight [G(g)j of the rectangular parallelopiped
(weight of the sample) is measured, and then the
length, width and height of the rectangular parallelo-
piped are measured.(in cm), by means of a measuring
tool as described in JIS K6767 with an accuracy as also
The volume of the foamed,

described in JIS K6767.

molded product sample is obtained by calculating a

.product of the length multiplied by the width and

height.
(3) Ratio of closed cells:

| About 24 cm3 [as measured by submerging foaﬁed
beads in water in the manner described in item (lj
above] of foamed beads (whose apparent density is
known) is subjected to méasu:ement with respect to a
sum of the volume of the matrix of the foamed bead and
the total inner volume of the closed cells in the
foamed beads by using an air comparison picnometer
(Model 930 manufactured and sold by Toshiba-Beckman
Co., Ltd, Japan). The ratio of closed cells [S(%)] of

the foamed beads is calculated by the following formula

(ASTM . D-2856):
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S =100 « (V, - W/p) / (V4 - W/P) (%)
wherein Vv, represents a sum of the volume of the matri
of.the foamed bead and the total inner volumé of the
closed cells in the foamed bead, V, represents a sun

the volume of the matrix of the foamed bead, the toty

5
inner voiume of the closed cells in the foamed bead ag
the total inner volume of the open cells in the foam f
bead, W represents the weight of the foamed bead, andj
p represents the density of the matrix.

Evaluation is made according to the following | ;g
critefions:
Mark Ratio of closed-cells
® S(%) 2 90 &
O 80 % < S(%) < 90 %
N 80 % < S(%) < 85 % 15
x S(%) < 80 %

(4) Average particle diameter of rubber particles:
An ultrathin section of a rubber-modified styren 2p
polymer is prepared. The prepared ultrathin section !
stained with osmium tetraoxide and, then, subjected %
electron microscopy. On the obtained photograph, 50&
rubber particles are randomly selected and the respeC

tive diameters of the rubber particles are measured. 25
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The average particle diameter (D(um)] of the rubber

' particles is calculated according to the following

10

15

formula:

D=2 n; - D4 /EZn; (L =1, 2, e)

i
wherein n; represents the number of rubber particles
having a diameter D;, and Dj répresents the diameter
(with an accufacy oh the order of 0.1 pum).

when a rubbér particle is non-circular in cross-
section, diameter D; is defined as (L; + L,)/2 wherein
L4 is a major diameter of the particle, and L, is a
minor diameter of the particle. The terminology "minor
diameter" used herein means the maximum of distances
between opposite points on the periphery of the non-

circular shape, wherein the opposite points are posi-

tioned on opposite sides of a longitudinal axis of the

non-circular shape (which is defined as a central line

20

extending along the length of the non-circular shape),
and the terminology "major diameter" used herein means
the maximum of distances between opposite points on the

periphery of the non-circular shape, wherein the oppo-

. site points are positioned on opposite sides of a short

25

axis of the non-circular shape (which is defined as a
central line extending in a direction perpendicular to
the above-mentioned longitudinal axis).

(5) Intrinsic viscosity (dl/g) of the continuous
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styrene pélymer phase of-an.expanded foamed bead of a
rubber-modified styrene polymer:

To 1 g of expanded foamed béads of a rubber-
modified styrene polymer is added a mixed solvent of
18 ml of methyl ethyl ketone and 2 ml of methanol and

then, the resultant mixture is shaken at 25 °C for 2

and 18,000 fpm for 30 minutes to obtaiﬁ a supernatant.
Methanol is added to the obtained supernatant to pre-
cipitate the continuous resin phase component. Then,
the obtained precipitate is dried.

0.1 g of the thus obtained precipitate is dis-
solved in toluene to thereby obtain a 0.5 g)dl solu-
tion. 10 ml of the thus obtained solution is applied
to a Cannon-Fenske viscometer (manufactured and sold b
Canon, Inc., Japan), and a period of time [t,(sec)]
necessary for all of the solution to downwardly f;ow
out is measured at 30 °C. Separately, by using the
same viscometer, a period of time [ty(sec)) necessary
for 10 ml pure toluene to downwardly flow out is meas-
ured at 30 °C. The reduced viscosity, ngp/C Of the
0.5 g/dl, is calculated according to the following
formula: | |

ngp/C = (t; - tp)/(t(-C)

wherein C represents the styrene polymer concentratiof

e
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(g/dl) of the solution.

Further, a 1.0 g/dl toluene solution and a
1.5 g/dl toluene solution, each having the above-ob-
tained precipitate dissolved therein, are prepared.
With respect to these two solutions, reduced viscosi;
ties are obtained in the same manner as mentioned
above. The intrinsic viscosity [n] is obtained by

extrapolating a plot of nsp/C against C to infinite

~dilution (C = 0).

(6) Swelling index of the gei moiety of the foamed
bead: |

0.5 g of foamed beads is immersed in 30 ml of
toluene at 25 °C for 24 hours and then shaken for 5
hours to obtain a mixture. The ébtained mixture is
subjected to centrifugation at 5 °C and 18,000 rpm for.
1 hour to thereby separate the mixture into a superna-
tant and a precipitate. The supernatant is removed by
decantation to obtain a residue. Thirty ml of toluene
is added to the obtalned residue and then shaken at
25 °C for 1 hour. The resultant mlxture is subjected
to centrifugation at 5 °C and 18,000 rpm for 1 hour to
thereby sebaréte the mixture into a supe:nataﬁt and a
precipitate. The supernatant is removed by decantation
to obtain a residue. The obtained residue is weighed

to obtain a'weight'(wl). Subsequently, the residue is

______________________
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vacuum-dried. The weight (Ws) . of th _drled residue is
B

measured. The swelling lndex,_é(%L4w‘#,calculated
accoxrding to the following formulaq+ ib?-

B = 100 - (W) - Wy)/W, ‘
(7) Retention of a foaming agent:

Foamable beads are foamed with.éxpansion to obtaip
expanded foamed beads each having an apparent density

of 0.033 g/cm3. The obtained foamed beads are allowed

to stand in a drying container at 23 °C for about 24

surface and inside of the foamed beads. The thus driei

foamed beads are subjected to measurement of the reten
tion of the foaming agent in the foamed beads.

The retention pf a foaming agent in an expanded,
foamed bead of the present invention can be measured J
follows:

About 5 g of expanded foamed beads are weighed
with an accuracy on the oxder of 0.01 g. The weighed
béads are placed in a glass flask having an opening ai

a top thereof and having a volume of 1000 cm3. The

with an accuracy on the order of 0.01 g and then put
into a vacuum-deaerating apparatus which is controlle
at 180 °C to thereby deaerate at 60 mmHg (absolute

pressure) for 60 minutes. Then, the deaerated glass
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flask having the beads placed therein is taken out and
then allowed to stand at room temperature and further
subjected to measurement of the weight. The content (G
(g/100 g of the expanded foamed beads)] of the foaming
agent in the foamed bead is obtained according to the
following formula: |
G = 100 « (Gy - Gg)/ (G - Gp)
wherein G, represents the weight of the glass flask; G;

represent the weight of the glass flask having the

" beads placed therein, before vacuum-deaeration; and G,

represents the weight of the glass flask having the
beads placed.therein, after vacuum-deaeration.

The content (g/100 g of expanded foaméd'beadS) of
the foaming agent in the expanded foamed beads is
measured every 3 hours. Thus, there is obtained the
half-period [t;/5 (hr)] necessary for the 4 g of the
foaming agent contained ih,loo g of the beads to become
a ﬁalf (2 g). This half-period is taken as the ability
of expanded foamed beads to retain'the.foaming gas
(retention of foaming gas).

With respect to three types of foamed beads having
apparent densities of 0.018, 0.023 and 0.040 g/cm3,
respectively, measurements areldone.

Evaluation is made according to the following

criterions:

R
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Mark Half-period [ty (hr)]
@ t1/2 2 100 hr
AN 60 hr ¢ ty/2 < 75 hr
X t1/2 < 60 hr

(8) Appearance of a foamed, molded product:
Among voids (formed between the foamed beads fused

to constitute the foamed, molded product) observed in

of those voids (found per 25 cm? of the surface) which
have a size equal to or larger than a half of thé size
of the foamed bead is counted.

~* Bvaluation is made according to the following

criterions:

Mark Number of voids Observations of appearahce
© 0 -2 Very excellent

O 3 -5 Good |

A 6 - 10 Slightly poor

x 11 or more Poor |

(%) Drop testing for evaluating the cushioning effect

of the ultimate foamed, molded product:

In accordance with JIS-2-0202, drop testing of
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packaged freights are conducted. As shown in Fig.
3(a), article 12 is protected with a set of four pack-
ings 8, 9, 10 and 11 which are made of foamed, molded
products. When the bulk densities of the foamed, |
molded products are 0.033, 0.018, 0.023 and
0.040 g/cm3, the packings made of these foamed, molded
products are used for protecting articles having
weights of 30, 10, 20 and 35 kg, respectively. The
packings are designed so that the article receives
static stresses of 0.08 to 0.12 kg/cm3, respectively,
from six faces, i.e., front and back faces, left and
right faces and upper and lower faces of the packings.
The article protected by the four packings is
accommodated in coniainer 13 [shown in Fig. 3(b)] made
of a corrugated board. The container having the arti-
cle accommodated therein is dropped with corner 14
downward. In this caée, packing 8 undergoes the gréat-
est load. Then, the container is dropped one time with
each of three edges 15, 16 and 17 downward, that is,
dropped three times in total. Subsequently, the con-
tainer:is dropped one time with each of six.faces of
the container downward, that is, dropped six times in
total. Then; the container is opened. The four pack-
ings are examined with respect to the degree of damage.

The degree of damage to each of the packings is
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evaluated by the following five criterions:

a: No cracking;

b: Small cracks occur locally;

c: Medium-sized cracks as large as half the thickness
of the packings;

d: Large cracks;.and :

e: Broken into pieces.

Further, evaluation of the cushioning property of

a set of four packings is made according to the follow-

ing criterions:

Mark Evaluation criterions

© All of 4 packings'are evaluated as a, b
and/or c, wherein there are 2 or more of
a and/or b

O Falling outside the above criterion,
wherein there are 4 of a, b and/or ¢

JAN ' Falling outside the above two criterions,
wherein there is at least one d and no e

X Falling outside all of the above three
criterions

(10) Total evaluation:

Based on the evaluations of the retention of

foaming agent gas and ratio of closed cells in foamed

beads, and the resistance to cracking and number of
voids in the surface of foamed, molded products (four
evaluation items in total), total evaluation is made

according to the following criterions:
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Mark Evaluation criterions
© _ All four items are evaluated as ©
O Falling onside the above criterion,
wherein all four items are evaluated as
© and/oxr Q .
A Falling outside the above two criterioﬂs,
wherein all four items are evaluated as
© . O and/or A .
- X Falling outside the above three
criterions.
Example 1
(1) Preparation of a rubber-modified styrene
polymer

A styrene-butadiene bldcﬁ copolymer having a
butadiene content of 60 wt% was dissolved in monomeric
styrene so that the concentration of the styrene-
butadiene block copolymer in the resultant solution
became 12 wt%. To lOO.parté by weight of the obtained
solution were added 5 parts by weight oflethylbenzene,
0.05 part by weight of 1,l-bis(t-butylperoxy)cyclohex-
ane and 0.05 part by weight of t-dodeéylmercaptan, to
thereby obtain a feed stock for polymerization. The
thus obtainediféed stock was introduced to a polymeri-
zation reactor.

A polymerization reaction was started at 105 °C

with stirring, and the reaction was conducted for 3
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hours. Then, the temperature was elevated to 130 °C,
and the reaction was continued for 2 hours. Further,

the temperature was elevated to 145 °C, and the reac-

tion was continued for 1 hour. The resultant reaction

mixture was introduced to a volatilization apparatus

- which was heated in vacuo, to thereby remove the unre-

acted styrene and benzene to obtain a rubber-modified
styrene polymer. The obtained polymer was introduced
to an extruder having a plurality of dies attached
thereto, and then, extruded into strands. The obtained
strands were immediately cooled with water, and the
cooled strands wére cut into pellets. The obtained
pellets of the rubber-modified styrene polymer were
designéted as HIPS-1. The butadiene content of HIPS-1
was calculated from the mass balance of the above-
mentioned styrene-butadiene block copolymer and sty-
rene, and found to be 9 wts.

Then, HIPS-1l and a polystyrene :esin were blended
in a ratio of 100:30. The obtained blend was subjected
to melt kneading by means of a 30-mmd,.single screw
extruder. The resultant rubber-modified styrene poly-
mer was designated as HIPS-2. The butadiene content of
HIPS-2 was calculated from the mass balance of the
above-mentioned HIPS-1 and styrene polymer, and found

to be 7 wt%.
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Further, substantially the same'polymerizatidn
procedure as used for prepafing HIPS-1 was repeated
except that the concentration of the styrene-butadiene
block copolymer in the solution thereof in styrene was
changed to 14.5 wt%, to thereby obtain still another
rubber-modified styrene polymer. The obtained rubber-
modified styrene polymer was designated as HIPS-3. The
butadiene content of HIPS-3 was 10.5 %. Each of the
butadiene polymer rubber particles which were dispersed
in HIPS-1, -2 and -3, had a.core-shell structure, and
had an average particle diameter of 0.2 um. Thé
properties, including the intrinsic viscosity ([n]),
the swelling index (SWI), of each of HIPS-1, -2 and -3
are shown in Table 1.

(2) Preparation of foamable beads

Foamablewpeads were prepared using a machine for
extrusion aﬁd impregnation (hereinafter frequently
referred to as “"extrusion/impregnation machine"), which

has a structure mentioned below.

The extrusion/impregnation machine is equipped
with a device for feeding a foaming agent under pres-
sure. The foaming agent-feeding device communicates, ' f

through a conduit, to a melt-kneading site of the : §

machine at which melt-kneading of the polymer is to be

conducted. The extrusion/impregnation machine is also
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equipped at a front end portion thereof with a device-
for cooling an impregnated polymer to an appropriate
température for extrusion and a number of dies (each'
having a diameter of 0.7 mm) for extruding an appropri.
ately cooled, impregnated polymer.

HIPS-l was introduced to the extrusion/impregna-
tion machine at its melt-kneading site and melted
therein. 0.13 mol of isopenthne (per 100.g of HIPS-1)
was fed as a foaming agent from the foaming agent-
feeding device to the melt-kneading site of the extru-
sion/impregnation machine at a constant rate under
pressure and kneaded with the molten HIPS-1 therein.
The molten mixture of the HIPS-1 with the isopentaﬁe
was retained in the melt-kneading site at 130 °C for 2
minutes to thereby impregnate HIPS-1 with the isopen-
tane. The resultant moltén, isopentane-impregnated
polymer was cooled to an appropriate temperature_for
extrusion by means of the cooling device and then,
extruded in water at 60 °C through the above-mentioned
extrusion dies, and the extrudate is immediately cut it
the water using a rotary cutter to obtain foamable
beads having an average diameter of 1.1 mm.

With respect to each of HIPS-2Z and -3, foamable
beads were obtained in substantiaily the same manner #

in the production of féamable beads from HIPS-1.
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(3) Expansion of foamable beads for obtaining
expanded foamed beads, and production of ultimate
foamed, molded products

The foamabie beads of each of HIPS-1, -2 and -3
were expanded using a steam-foaming machine in a manner
described below. |

Steam was charged into the steam-foaming machine
to preliminarily heat the inside of the machine. Then,
foamable beads were introduced intoc the steam-foaming
machine. Fresh steam was then charged into the ma-
chine, so that the air in the machine was purged with
the steam over 20 seconds through a purging ﬁube
equipped with an orifice and the internal temperature
of the machine was elevated to 102 °C over the 20
seconds (gauge pressure: 0.1 kg/csz). Thereafter, the
temperature was maintained at 102 °C for 17 seconds and
then, thg steam was purged from the machine, thus
obtaining expanded foamed beads. The obtained foamed
beads were subjected to aging at 20 °C for 24 hours.
Each of the resultant three types of foamed beads

prepared, respectively, from HIPS-1, -2 and -3 had an

~apparent density of 0.033 g/cm3, and these three types

of foamed beads had average weights of 0.70 mg, 0.68 mg
and 0.69 mg, respectivély. The cross-section of the

cell wall of the expanded foamed bead was observed by
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electron microscopy to examine the b/a and a/c ratios,
the ratio of closed cells, and the presence of laméllar
configuration of rubber particles. In addition, the
retention of the foaming agent gas was measured.
Results are shown in Table 2.

The above-obtained expanded foamed beads were
subjected to molding in a molding die provided in a
conventional molding machine for producing a foamed
polystyrene to effect fusion-unification with in situ
foaming of the beads. Ultimate foamed, molded products
were obtained (bulk density: 0.020 g/cm3) having prede.
termined shapes, which are intended for use as
cushion-packings for packing up a 30 kg CRT monitor in
a container.

(4) Resistance to cracking and evaluation of
appearance (in terms of the number of voids in the
surface) with respect to the foamed, molded product

Thé resistance to cracking and the appearance (in
terms of the number of voids in the surface) with
respect to each of the molded products which were
prepared from HIPS-1l, ~2 and -3, were evaluated and
found to be good. Results are shown in Table 2.
Example 2 |

A polybutadiene rubber having a 1,4-cis contentﬂﬁ

96 wt% was dissolved in monomeric styrene so. that the
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concentration of the polybutadiene rubber in the re-
sultant solution became 9.5 wt%. To 100 parts by
weight of the obtained solution were added 0.04 part by
weight of 1,1-bis(t-butylperoxy)cyclohexane and 0.06
part by weight of t-dodeéylmercaptan, to thereby obtain
a feed stock for polymerizatioh. The thus obtained
feed stock was introduced to a polymerization reactor.
A polymerization reaction was started at 110 °C
with stirring, and the reaction was conducted for 4
hours. Then, the temperature was elevated to 135 °C,
and the reaction was continued for 2 hours. Further,
the temperaturé was elevated to 150 °C, and the reac-
tion was continued for 2 hours. The resultant reaction
mixture was introduéed to a vdlatilization apparatus,
in which the mixture was heated in vacuo to thereby
remove the unreacted styrene to obtain a rubber-modi-

fied styrene polymer. The obtained polymer was desig-

nated as HIPS-4. HIPS-4 had a butadiene content of

12.3 wt%, an [n] of 0.80, and an SWI of 9.5. The
rubber particles dispersed in the continuous styrene
polymer phase of HIPS-4 had a salami structure, and had
an average particle diameter of 1.3 um.

Further, substantially the same polymerization
procedure as used for preparing HIPS-4 was repeated

except that the concentration of the polybutadiene
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.rubber in the solution thereof in styrene was changed
to 5.5 wt%, and that reaction was conducted first at
110 °C for 4 hours, then at 135 °C for 2 hours, and
then at 145 °C for 2 hours, to thereby obtain a
5 . rubber-modified styrene polymer. The obtained rubber- 5
modified styrene polymer was designated as HIPS-5. The
broperties of each of HIPS-4 and -5 are shown in
Table 1.
Using each of HiPS-4 and -5 individually, foamable
10 beads were prepared in substantially the same manner as 10
in Example 1, except that the retention time of a
molten mixture at 130 °C for the impregnation of the
polymer with isopentane was changed to 25 minutes.
The thus obtained foémable beads prepared respec-
15 tively from HIPS-4 and -5 were expanded with foaming 15
and then, subjected to aging in substantially the same
manner as in Example 1, to thereby obtain two types of
expanded foamed beads each having an apparent density
of 0.033 g/cm3. The average weight of each of the -
20 obtained two types of foamed beads was 0.75 mg. The 20
i properties and appearance of the obtained two types of
expanded foamed beads,-respectiQely, obtained from
HIPS-4 and -5 were found to be good as shown in
Table 2.

25 The above-obtained expanded foamed beads were 25
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'subjected to molding in substantially the same manner

as in Example 1. Ultimate foamed, molded products were
obtained (bulk density: 0.020 g/cm3) having predeter-
mined shapes, which are intended for use as cushion-~
packings for packing up a 30 kg CRT monitor in a con-
tainer.

The properfies'of-each of the molded products
which were preparea frdm HIPS-4 and -5 were evaluated
and found to be good. Results are shown in Table 2.
Example 3

A styrene;butadiene block copolymer having a
butadiene content of 60 wt% was dissolved in monomeric
styrene so that the concentrationlof the styiene-buta-
diene block copolymer in the resultant solution became
12 wt%. Usinglthe resultant solution, a polymerization
was carried 6ut in substantially the same manner as in
Example 1. The obtained rubber-modified styrene poly-
mer (I) had a butadiene content of 9 wt% and an average
particle diameter of 0.2 pum, and the rubber particles
dispersed therein had a core-shell structure-

On the other hand, a polyﬁutadiene rubber having a

1,4-cis content of 96 wt% was dissolved in monomeric

‘'styrene so that the concentration of the polybutadiene

rubber in the resultant solution became 9 wt%. Using

the resultant solution, a polymerization was carried
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out in substantially the same manner as in Example 2.
The obtained rubber-modified styrene polymer (II) had a
butadiene content of 12 wt% and an average particle
diaméter of 1.4 uym, and the rubber particles dispersed
therein had a salami structure.

| The above-obtained rubber-modified styrené poly-
mers (I) and (II) were blended in a ratio of 9:1, and
the obtained polymer blend was designated as HIPS-6.

Further, a styrene-butadiene block copolymer

having a butadiene content of 60 wt% was dissolved in
monomeric styrene so that the concentration of the
styrene-butadiene block copolymer in the resultant
solution became 10.5 wt%. Using the resultant solu-
tion, a polymerization was carried out in substantially

the same manner as in Example 1. The obtained rubber-

of 8 wt% and an average particle diameter of 0.3 um,
and the rubber particles dispersed therein had a core-
shell structure. |

On the other hand, a polybutadiene rubber having 2
1,4-cis content of 96 wt% was dissolved in monomeric
styrene so that the concentration of the polybutadieneé
rubber in the resultant solution became 6 wt%. Using
the resultant solution, a polymerization was carried

out in substantially the same manner as in Example 2.
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The obtained rubber-modified styrene polymer (IV) had a
butadiene content of 8 wt% and an average particle
diameter of 1.7 um, and the rubber particles dispersed
therein had a salami structure. The obtained rubber-
modified styrene polymers (III) and (IV) were blended
in a ratio of 8:2, gnd the obtained polymer blend was
designated as HIPS-7.

The properties and appearance of each of HIPS-6
and.-7 are shown in Table 1.

Using HIPS-6 and -7 individually, foamable beads,

expanded foamed beads and ultimate foamed, molded

products were prepared in substantially the same manner
as in Example 1. The average weigﬁts of the two types
of foamed beads prepared from HIPS-6 and -7 were,
respectively, 0.64 mg and 0.62 mg. Further, the
properties of each of the molded products, which were
prepared from HIPS-6 and -7, respectively, were evalu-
atea. Results are found to be good as shown in Table

2.
Example 4

Substantially the same procedure as in. Example 1
(2) was repeated to obtain foamable beads from HIPS-1
mentioned in Example 1 (1). The obtained foamable
beads were expanded in the same manner as in Example 1

(3) except that, after the temperature was elevated to
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102 °C, the fbllowing temperature conditions 1 to 3
were individually employed: condition 1 in which the
temperature of 102 °C was maintained for 30 seconds;
condition 2 in which the temperature of 102 °C was
maintained for 20 seconds; and condition 3 in which the
teﬁperature of 102 °C was_maintained for 15 seconds.
Expanded, foamed beads obtained by using condition 1
above had an apparent density of 0.018 g/cm3, expanded,
foamed beads obtained by using condition 2 above had an
apparent density of 0.023 g/cm3, and expanded foamed
beads obtained by using condition 3 above had an appar-
ent density of 0.040 g/cm3.' The foamed beads having an
apparent density of 0.018 g/cm3 were subjected to
molding by means of the same molding die as used in
Example 1,,thereby obtaining an ultimate foamed; molded
product having a bulk density of 0.11 g/cm3. The
foémed beads having an apparent density of 0.023 g/cm3
were subjected to molding in the same manner as de-
scribed above, thereby obtaining an ultimate foamed,
molded product having a bulk density of 0.14-g/cm3.

The foamed beads having an apparent density of 0.040
g/cm3 were éubjected to molding in the same manner as
described above, thereby obtaining an ultimate foamed,
molded product having a bulk density of 0.24 g/cm3.

With respect to each of the above three types of foamed
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beads and each of the foamed, ﬁolded products obtained
therefrom, various préperties are shown in Table 3.
Example 5

Substantially the same procedure as in Example 4
was repeated except that HIPS-4 was used in place of
HIPS-1, thereby obtaining three different types of
expanded foamed beads and foamed, molded products
corresponding thereto. With respect to each of the
three types of foamed beads and each of the correspohd-
ing molded products, various properties are shown in
Table 3.
Comparative Example 1

Substantially the same pdlymerization proéédure as
used for preparing HIPS-1 in Example i (1) was repeated
except that the amount of t-dodecylmercaptan was
changed to 0.09 part by weight as indicated in Table 6
(see "HIPS-8"). The obtained rubber-modified polymer
was designated as HIPS-8. HIPS-8 had an [n] value of
0.52 and an SWI of 10.5. Expanded foamed beads and a |
foamed, molded product corresponding thereto were
prepared from the above HIPS-8 in substantially the
same manner as in Example 1. The properties of the
above-mentioned foémed beads and foamed, molded

products are shown in Table 4. With respect to the

obtained foamed beads, the ratio b/a was 8, the ratio
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a/c was 0.06, and the average weight was 0.65 mg. As
is apparent.frdm Table 4, the above-obtained foamed
beads were poor in the reteﬁtion of a foﬁming agent
gas. Further, the foamed, molded product obtained

therefrom was unsatisfactory in cracking resistance and

appearance.

Comparative Example 2

Substantially the same polymerization procedure as
used for preparing HIPS-1l in Example 1 (1) was repeatéd
except that the amount of t-dodecylmercaptan was
changed to 0.03 part by weight, and the temperature in
the third step of the stepwise elevation.of temperature
was changed to 150 °C as indicated in Table 6 (see
“HIPS-S"). The obtained rubber-modified polymer was
designated as HIPS-9. HIPS-9 had an [n] value of 0.92
and an SWI of 8.5. Expanded'foamed beads and a foamed,
molded product corresponding thereto were prepared from
the above HIPS-S9 in substantially the same manner as in
Example 1. The properties of fhe above-mentioned
foamed beads and foamed, molded product are shown in
Table 4. With respect to the obtained foamed beads,
the ratio b/a was 38, the ratio a/c was 0.02, and the
average weight was 0.68 mg. As is apparent from Table
4, the foamed, molded product obtained from the above-

obtained foamed beads was unsatisfactory in cracking

-
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resistance.
Comparative Example 3

Substantially the same polymerization procedure as
used for preparing HIPS-1 in Example 1 (1) was repeated

except that the amount of t-dodecylmercaptan was

changed to 0.04 part by weight, and temperature and

time in the third steé of the stepwise elevation of
temperature were changed to 150 °C and 3 hours, respec-
tively, as indicated in Table 6 (see "HIPS-10"). The
obtained rubber-modified polymer was designated as
HIPS-10. HIPS-10 had an [n] value of 0.35 and an SWI
of 4.5. Expanded foamed beads and a foamed, molded =
product corresponding thereto were prepared from the
above HIPS-10 in substantially the same manner as in
Example 1. The properties of the above-mentioned
foamed beads and foamed, molded product are shown in

Table 4. With respect to the obtained foamed beads,

the ratio b/a was 7, the ratio a/c was 0.06, and the .

average weight was 0.70 mg. As.is apparent from Table

' 4, the foamed beads were poor in the retention of a

foaming agent gas. Further, the foamed, molded product
obtained from the above-obtained foamed beads was
unsatisfactory in cracking resistance and appearance.
Comparative Example 4

Substantially the same polymerization procedure as
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used for preparing HIPS-1 in Example 1 (1) was repeated
except that the temperature and time in the third step
of the stepwise elevation of temperature were changed
to 135 °C and 2 hours, respectively, as indicatgd in
Table 6 (see "HIPS-11"). The obtained rubber-modified
polymer was desiénated as HIPS-11. HIPS-11 had an [n)
value of 0.62 and an SWI of 14.5. Expanded foamed
beads and a foamed, molded product corresponding there-
to were prepared from the HIPS-1ll in substantially the
same manner as in Example 1. The properties of the
foamed beads and foahed,-molded product are shown in
Table 4. With respect to the obtained foamed beads,.

the ratio b/a was 43, the ratio a/c was 0.02, and the

4, the foamed beads were poor in the retention of a

foaming agent gas. Further, the foamed, molded product‘

obtained from the above formed beads was unsatisféctory
in-cracking resistance and appearance.
Comparative Example 5

Using HIPs-1, -4, and -6 individually, substan-
tially ﬁhe same procedure as in Example 1 (2) and (3)

was repeated except that, in Example 1 (2), the reten-

changed to 5 minutes, to thereby obtain expanded foamed

beads and a foamed, molded product. The properties of
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the above-mentioned foamed beads and foamed, molded
product are shown in Table 4. Wiﬁh respect to the
three types of foamed beads obtained from HIPS-1, -4,
and -6, the ratios b/a were, 7; 6 and 7, respectively;
the ratios a/c were 0.04, 0.08 and 0.04, respectively;
and the average weights were 0.70 mg, 0.69 mg and -
0.70 mg, respectively. As is apparent from Table 4,
the above-obtained foamed beads and the foamed, molded
products were relatively poor in properties.
Comparative Example 6

Substantially the same polymerization procedure as
used for preparing HIPS-1 in Example 1 (1) was repeated
except that the rubber concentration of a styrene
solution of rubber was changed to 8.5 % by weight, that
the amounts of ethylbenzene and l,l-bis(t-butylperoxy)-.
cyclohexane were, respectively, changed to 15 parts by
weight and 0.06 part by weight, and that the tempera-

ture and time in the third step of the stepwise eleva-

~ tion of temperature were changed to 140 °C and 3 hours

20

25

as indicated in Table 6 (see "HIPS-12"). The obtained
polymer was designated as HIPS-12. HIPS-12 had an
average diameter of rubber particles of 0.12 um.
Expanded foamed beads and a foamed, molded product were
prepared from the above HIPS-12 in substantially the

same manner as in Example 1. The properties of the.
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obtained.expanded foamed beads and foamed, moldéd
product are shown in Table 5. With respect to the
obtained expanded foamed beads, the ratio b/a was 35,
the fatio a/c was 0.009, and the avefage weight was-
0.70 mg. As is apparent from Table 5, the molded
product obtained from the above expanded foamed beads
was unsatisfactory in cracking resistance.
Comparative Example 7

| Substantiaily the same polymerization procedure as
used for preparing HIPS-4 in Example 2 was repeated
except that the rubber concentration of a styrene

solution of rubber was changed to 7.5 % by weight; that

t-dodecylmercaptan were, respectively, changed to 0.05
part by weight and 0.04 part by weight; and that the
time in the third step of the stepwise elevation of
temperature wés changed to 3 hours as indicated in

Table 6 (see "HIPS-13"). The obtained polymer was

of rubber particles of 3.3 um. Expanded foamed beads
and a foamed, molded product were prepared from the
above'HIPS-13.in substantially the same manner as in
Example 1. The properties of the above-obtained ex-
panded foamed beads and foamed, molded product are

shown in Table 5. With respect to the obtained foamed
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beads, the ratio b/a was 18, the ratio a/c was 0.2},
and the average weight was 0.75 mg; As is apparent
from Table 5, the.above-obtained'foamed beads were poor
in the retention of a foaming agent gas and the ratio
of closed cells. Further, the foamed, molded product
obtained from the above foamed beads was unsatisfactory
in cracking resispance and appearance.
Comparative Example 8

Substantially the same procedure as used for
preparing HIPS-2 in Example 1 (i) was repeated except
that the ratio of HIPS-1 to a polystyrene resin was
changed to 100:200._ The resultant rubber-modified
styrene polymerlwas designated as HIPS-14. The butadi-
ene content of HIPS-14 was calculated from the mass
balance of the HIPS-1 and styrene polymer, and found to
be 3 wt%. Expanded foamed beads and a molded product
were prepared from the above HIPS-14 in substantially
the same manner as in Example 1. The properties of the
obtained expanded foamed beads and foamed, molded

product are shown in Table 5. With respect to the

obtained foamed'beads, the ratio b/a was 16, the ratio

a/c was 0@04, and the average weight was 0.66 mg. As
is apparent from Table 5, in the above foamed beads,
the rubber particles are not dispersed in a lamellar

configuration in the cross-section of the cell wall.
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The molded product obtained thefefrom was unsatiéfacto~
ry in cracking resistance.
Comparative Exampie 9

Substantially the same procedure as in Example 4
was repeated except that HIPS-10 was used in place of
HIPS-1, thereby obtaining three types of foamed beads
having apparent densities of 0.018 g/cm3; 0.023 g/cm3
and 0.040 g/cm3, respectively. These three types of
foamed beads were subjectéd to molding in substantially
the same ménner as in Example 4, thereby obtaining
three types of molded products having bulk densities of
0.11 g/cm3, 0.14 g/qm3 and 0.24 g/cm3, respectively.

With respect the above three types of foamed

-beads, the ratios b/a were, respectively, 9, 8 and 7;

and the ratios a/c were, respectively, 0.21, 0.15 and
0.15. As is apparent from Table 5,'thé molded products
produced from these three types of foamed beads were
poor in properties;
Industrial Applicability

The expanded foamed bead of a rubber-modified
stylene polymer of the present invention can be used
for producing a molded product which is excellent in
cracking resistance. Thé molded product can be advan-
tageously used as a cushioning material in packaging a7

article having a relatively large weight which is
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likely to be repeatedly subjected to a jolt or impact
during transportation. Further, due to the excellent
resistance to cracking, the amount of the cushioning
material to be used can be reduced, so that the volume
of the packaged article is reduced, thus improving the
efficiency of the transportation. Further, a molded
product produced from the expanded foamed bead of the
present invention is excellent alsb in flexibility, so
that it can also be advantageously used as, for exam-
ple, a heat insulating material for use in, for exam-
ple, houses and various types of béths. Further, the
expanded foamed bead of a rubber-modified stjrene
polymer of the present invention is excellent in the
retention of a foaming gas and, therefore, exhibits a
high expanding capability, so that a molded product
produced therefrom is exceilent in appéarance.
Further, the expanded foamed bead of the present
invention and a molded product: thereof are advantageous
in that they can readily be produced at a relatively
low cost by the use of customary equipment. -In addi-

tion, when a molded product produced from the foamed

' bead of the present invention is melted together with a

25

molded product produced from conventional foamed beads,
the miscibility therebetween is good, and the resultant

polymef blend can be pelletized for further use. As
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apparent from the above, the expanded foamed bead of 4
rubber-modlfled Styrene polymer of the present inven-

tion is extremely useful in fields relating to foamgd,

molded products of expanded foamed beads.

—_—

~This Sheet Has Bee:

[T




J,

A

@30V 1z
N338 SVH 133HS G

|

Table 1
Rubber- Intrinsic Swellin Structure Average Butadiene
modified | viscosity of | index o of rubber diameter content of
styrene continuous gel moiety particles of rubber | rubber-modified
polymer styrene poly- ' particles } styrene polymer
No. mer phase (0] (pm) (wtzg
HIPS-1 0.68 10 core-shell 0.2 9.0
HIPS-2 0.82 8.5 core~-shell 0.2 7.0
HIPS-3 0.69 11.5 core-shell 0.2 10.5
Examples HIPS-4 0.80 9.5 salami 1.3 12.3
HIPS-5 0.83 9.0 salami 2.1 7.5
HIPS-6 0.65 8.5 core-shell/ 0.3 9.2
salami
HIPS-7 0.77 6.5 core-shell/ 0.4 8.0
salami
HIPS-8 0.52 - 10.5 core-shell 0.2 9.0
HIPS-9 0.92 8.5 .core-shell 0.2 9.0
Compara- | HIPS-10 0.85 4.5 core-shell 0.2 9.0
tive
Examples HIPS-11 0.62 14.5 core-shell 0.2 9.0
HIPS-12 0.63 12.5 core-shell 0.12 6.5 .
HIPS-13 0.65 9.0 salami 3.3 10
HIPS-14 0.84 8.5 core-shell 0.2 3.0
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Table 2

Foamed bead

Properties
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Cross-section of

Foamed bead

Foamed, molded
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N33g Sy . 3

iS SIHL

f

oy
i £
PERe g |

HIPS ' cell wall _ product
Apparent
No. |density Lamellar {Retention{Ratio of |Resistance|Number |Total
configu- |o closed |[to crack- |of evaluation
3) b/a | al/c [ration ' |foaming |cells ing voids
(g/cm of rubber|agent gas in
particles (hrs§ (2) surface
1 | 0.033 |15 Jo.04 b 2 cbbb : ©
. . presen '
© © © © |
Example 140 94 ccbb 1
: 2 0.033 16 0.04 present - ©
1 © © © ©
100 90 ccbb 2
3 0.033 16 |0.04 present ©
. © © © ©
80 92 ccbb 4
4 0.033 14 0.10 | present 9)
Example O © © O
2 75 91 cecec 5
5 -0.033 14 0.12 | present O
O © @) O
6 0.033 16 1(0.05 t 199 23 cebb 2 ©
. . presen :
Example © © © ©
3 . 0.033 iz 0.08 . 100 90 ccbb 2 o
. . presen
© © © ©
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Table 3

Foamed bead

Properties
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Cross-section of Foamed bead Foamed, molded
HIPS cell wall ' product
Apparent - -
No. |density Lamellar [Retention|Ratio of |Resistance|Number |Total
, configu- jof closed |[to crack- |[of evaluation
3 b/a | ajJc |ration . |foaming |cells ing voids
(g/cm™) of rubber|agent §as in
particles| ~(hrs (2) Surface
01 31 0.05 100 90 ccee 5
1 0.018 . present : @)
- © © O O
Example 110 92 cech 4
1 0.023 26 0.05 present @)
4 © © O O
40 12 lo.04 120 95 bbbb 1 o
1l 0.0 . present
© © © ©
: - 90 80 ccee 8
4 0.018 28 ]0.18 | present FAN
O JAY O A
Example 100 85 cceb 6
4 0.023 18 |0.14 | present FAY
5 . © O O Ay
4 0.040 | 12 [o.09 t 110 iad bbbb 2 ©
. . presen
© © © ©
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Table 4

Foamed bead

Properties

Cross-section of

Foamed bead

Foamed, molded

HIPS cell wall product
Apparent
No. jdensity Lamellar |Retention|Ratio of |Resistance{Number |Total
configu- |of closed jto crack- |of - jevaluation
3 b/a a/c {ration foaming |cells ing voids
(g/em”) of rubberlagent gas in
particles (hrs§ (7) surface
Comparative 60 88 eddc 7
Example 1 8 0.033 8 ]0.06 | present ' x
' A O x P
Comparative 80 92 dddd 5
Example 2 9 0.033 38 |0.02 | present A
. ' O |1 © A o
Comparative 55 87 eddc 8 -
Example 3 10 0.033 7 ]0.06 | present x
x O x A
Comparative 60 85 dddd 9 '
Example 4 11 0.033 43 10.02 | present . A
A A A A
. 70 90 ccdd 4
1 0.033 7 0.04 present ' VAN
[A) @ A O
Comparative 60 88 dddd 8
Example 5 ° 4 0.033 6 |0.08 | present FAN
A O A JAY
_ 65 90 ccdd 4
6 0.033 7 10.04 | present ' A
JAY © A O
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Table 5
Foamed bead Properties
Cross~section of Foamed bead Foamed, molded
HIPS _ cell wall product
Apparent :
No. |density Lamellar |Retention|Ratio of|Resistance|Number |Total
configu- jof closed |[crack- of evaluation
3 b/a | alc |ration foaming [cells ing voids
(g/cm”) of rubberjagent gas in
particles (hrs% (1) surface
Comparative 100 92 eddd 5
Example 6 12 0.033 35 ]0.009] present X
© © x O
Comparative 60 78 eddd 11
Example 7 13 0.033 18 ]0.21 | present X
. A x X x
Comparative not 120 94 - eedd 3
Example 8 14 0.033 | 16 [0.04 | PRe ont 5 5 5 x
x
65 82 ddce 12
10 0.018 9 0.21 present X
. A A JA X
Comparative
Example 9 70 84 ddec 8
10 0.023 8 0.15 | present AN
A A JAY A
. 80 92 ccee 35
10 0.040 7 ]0.15 | present @)
O © O O
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Table 6

(to be continued)

Formulation of feed stock for polymerization

Polymerization conditions

9ISST/IP6 OM

Rubber concen- Ethyl- |1,1-bis(t- t-dodecyl- | Stepwise elevation of
tration of sty- | benzene butilgeroxy)- mercaptan temperature and time
rene solution cyclohexane
of rubber
5 parts 0.05 part 0.05 part (1): 105 °C x 3 hrs
HIPS-1 12 7 by weight |by weight| by weight by weight (2): 130 °C x 2 hrs
(3): 145 °C x 1 hr EE
S parts 0.05 part | 0.05 part . | (1): Same as (1) for HIPS-1 A
HIPS-2*. 12 ? by weight |by weight]| by weight by weight (2): Same as (2) for HIPS-1 - R
' (3): Same as (3) for HIPS-1 i
w1
5 parts 0.05 part 0.05 part (1): Same as (1) for HIPS-1 oo
HIPS-3 14.5 I by weight|by weight| by weight by weight (2): Same as (2) for HIPS-1 -
(3): Same as (3) for HIPS-1 LS
HIPS-(I) 5 parts 0.05 part 0.05 part (1): Same as (1) for HIPS-1 =
for 12 7 by weight [by weight| by weight by weight (2): Same as (2) for HIPS-1 m
) HIPS-6) {3): 150 °C x 1 hr :
gtyrgne- HIPS-(III) S parts 0.05 part 0.04 part (1): Same as (1) for HIPS-1
t i bd - * H -
rgbge;ene (for 10.5 I by weight bypweight by weight by wegght (2): Same as (2) for HIPS-1
HIPS-7) _ (3): 150 °C x 2 hrs o
S parts 0.05 part 0.09 part (1): Same as (1) for HIPS-1
HIPS-8 12 I by weight |by weight| by weight by weight (2): Same as (2) for HIPS-1
_ (3): Same as (3) for HIPS-1
5 parts 0.05 part 0.03 part (1): Same as (1) for HIPS-1
HIPS-9 12 7 by weight |[by weight| by weight by weight (2): Same as (2) for HIPS-1
{3): 150 °C x 1 hr
S parts 0.05 part 0.04 part (1): Same as (1) for HIPS-1
HIPS-10 12 7 by weight |by weight| by weight by weight (2): Same as (2) for HIPS-1
Ny (3): 150 °C x 3 hrs 5
5 parts 0.05 part 0.05 part (1): Same as (1) for HIPS-1 §
HIPS-11 12 7 by weight |by weight| by weight by weight (2): Same as (2) for HIPS-1 g
' (3): 135 °C x 2 hrs g
S
, e
Table 6 (continued) O
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Table 6

(continued)

Formulation of feed stock for polymerization

Polymerization conditions

Rubber concen- Ethyl- }1,1-bis(t- t-dodecyl- | Stepwise elevation of
tration of sty- | benzene butzlgeroxy)- mercaptan temperature and time
rene solution : cyclohexane
of rubber
Styrene- 15 parts 0.06 part 0.05 part (1): Same as (1) for HIPS-1
butadiene|HIPS5-12 8.5 I by weight |by weight| by weight by weight (2): Same as (2) for HIPS-1
rubber ' (3): 140 °C x 3 hrs
5 parts 0.05 part 0.05 part' (1): Same as (1) for HIPS-1
HIPS-14%* |12 2 by weight |by weight| by weight by weight (2): Same as (2) for HIPS-1
_ (3): Same as (3) for HIPS-1
0.04 part | 0.06 part (1): 110 °C x 4 hrs
HIPS-4 9.5 I by weight 0 by weight by weight (2): 135 °C x 2 hrs
(3): 150 °C x 2 hrs
' 0.04 part 0.06 part (1): 105 °C x 6 hrs
HIPS-5 5.5 2 by weight 0 by weight by weight (2): 130 °C x 2 hrs
(3): 150 °C x 3 hrs
Poly-.
bthdiene HIPS-(II1) ' 0.04 part 0.04 part (1): Same as (1) for HIPS-4
rubber (for 9 Z by weight 0 by weight by weight (2): Same as (2) for HIPS-4
HIPS-6) . (3): 150 °C x 3 hrs
HIPS-(1IV) : : 0.05 part 0.05 part (1): Same as (1) for HIPS-4
(for 6 7 by weight 0 by weight by weight (2): Same as (2) for HIPS-4
HIPS-7) (3): 155 °C x 3 hrs
0.05 part 0.04 part (1): Same as (1) for HIPS-4
HIPS-13 7.5 2 by weight 0 by weight by weight (2): Same as (2) for HIPS-4
(3): 150 °C x 3 hrs

Note) The “parts by weight® indicated for ethllbenzene. 1,l-bis(t-butglperoxy)cyclohexane

and t-dodecylmercaptan are relative to

* HIPS-2 was actually prepared b

_ ratio of 100:30 in Example 1.

*%* HIPS-14 was actually prepared by melt-kneadin
ratio of 100:200 in Comparative Example 8.

00 parts by weight of t

e styrene solution of rubber.

y ﬁelt-kneading HIPS-1 and a polystyrene resin blendéd in a

g HIPS-1 and a polystyrene resin blended in a

~I
O
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1. An expanded foamed bead of a rubber-modified
styrene polymer, comprising a plurality of closed cells

CLAIMS

defined by cell walls which constitute a matrix for -

5 said bead, each of said cell walls comprising two
surfaces separated by a distance equal to the thickness
of said cell wall,

said matrix comprising:
(a) a continuous styrene polymer phase;

10 ' (b) a rubber phase dispersed in said continuous 10
styrene polymer phase (a), comprising a plurality of
substantially flat, butadiene polymer rubber particles
each having at least one styrene polymer particle
occluded therein;

15 wherein said flat rubber particles are arranged in 15
lamellar configuration along the thickness of said cell
wall and are oriented so that the long axis of a
cross-section of each flat rubber particle, as viewed
in a cross-section of said cell wall, taken along the

20 thickness of said cell wall, is substantially parallel 20

to the two surfaces of said cell wall, and wherein the

cell wall and each flat rubber particle satisfy the
formulae I and II: |

0.01 g a/c £ 0.2 (1), and
25 .. 10 g b/a g70 (II)

R )
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wherein a represents the thickness (um) of

the rubber particle as measured in terms of

:11s the length of the short axis of said cross-
section of the rubber particle; b represents
5 the diameter (um) of the rubber particle as
\ess meésured in terms of the length of said long
I axis of said cross-section of the rubber
§ particle, and c repreéents the thickness
(um) of said cross-section of the cell wall.
18 10 2. The foamed bead according to claim 1, which has an
apparent density of from 0.014 to 0.100 g/cm3. |
-es 3. The foamed bead according to claim 1 or 2, whereiﬁ
é said continuous styrene polymer phase (a) has an in-
? trinsic viscosity of frdm 0.6 té 0.9 di/g és measured
L in ¢ 15 in toluene at 30 °C, and said matrix has a gel moiety
:ell with a swelling index of from 6.5 to 13.5, said gel
moiety béing defined as an extraction residue of the
d extraction of said foamed bead with toluene at 25 °C,
\e said swelling index of the gel moiety being defined as
el 20 a value (B) obtained according to the formula III:
-he B =100 + (W, - Wp)/W, (III)
wherein W, represents the weight of the gel
moiety swelled with toluene at 25 °C, and W,
represents the weight of the gel moiety
25 obtained by drying said swelled gel moiety.
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particles each having a core-shell structure wherein a

25

of a mixture of 80 % by weight or more, based on the

- single particle of a styrene polymer is occluded as a
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4. The foamed bead according to any oné'of ciaims 1
to 3, wherein said flat rubber particlé is comprised of
at least one butadiene polymer selected from the group
consisting of a polybutadiene and a styrene—butadiene
block copolymer.

5. The foamed bead according to any one of claiﬁs 1
to 4, wherein.said continuous styrene polymer phase (a)
is comprised of at least one styrene polymer selected
from the group consisting of a polystyrene and a sty-
rene copdlymer having a styrene content of 50 % by
weight or more. |

6. The foamed bead according to any one of claims 1
to 5, wherein eﬁch flat rubber particle has a core-
shell structure wherein a single particle of a styrene
polymer is occluded as a core in said rubber particle
which constitutés a shell. |

7.. The foamed bead accordihg'to'any one of claims 1

to 6, wherein said dispersed rubber phase is comprised
weight of said dispersed rubber phase, of flat rubber
core in said rubber particle which constitutes a shell:

and 20 % by weight or less, based on the weight of said §

dispersed rubber phase, of flat rubber particles each

WO 9472

10

15

20

i
e

This Sheet Has Been Reilaced



0 WO 94/25516

!d of
.'oup

;mne

H (a)
ed

10

15

.sed

e

er 20

3 a
lell,
said

1ich 25

THIG SHITT HAS BEEN PCT/JP94/00700
RE "i"l_f‘l\LlED

83

having a salami structure wherein at least two styrene
polymer particles are occluded in each rubber particle.
8. A process for producing an expanded foamed bead of
a rubber-modified styrene polymer of claim 1, which"
comprises:

(1) melt-kneading a rubber-modified styrene
polymer with a foaming agent in an extruder to form a
molten mixture therein, said rubber-modified styrene
polymer comprising:

(a) a continuous styrene polymer phase;

(b) a rubber phase dispersed in said continuous
styrene polymer phase (a), comprising a plurality of
butadiene polymer rubber particles each having at least
one styrene polymer particle occludedltherein, wherein
said continuous styrene polymer phase (a) has an in-
trinsic viscosity of from 0.6 to 6.9 dl/g as measured
in toluene at 30 °C, and said rubber-modified styrene
polymer has a gel moiety with a swelling index of from
6.5 to 13.5, said gel moiety being defined as an ex-
traction residue of the extraction of said rubber-
modified styrene polymer with toluene at 25 °C, said
swelling index of the gel moiety being defined as a
value (B) obtained according to the formula III:

B =100 « (W; - Wy)/W, . (III)

wherein Wi represents the weight of the gel
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moiety swelled with toluene at 25 °C, aﬂd Wo

represents the weight of the gel moiety

obtained by drying said swelled gel moiety,

(2) retaining said molten mixture at 130 °C or
higher for 15 minutes or more under a pressure of from
50 to 300 kg/csz in said extruder to thereby impreg-
nate said rubber-modified styrene polymer with said
foaming agent,

(3) extruding the resultant molten, impregnated
rubber-modified styrene polymer into water, followed by
chtting of the extruded polymer, and

(4) heating the cut, impregnated rubber-modified
styrene polymer. |
9. The process according to claim 8, wherein said
heating at step (4) is conducted at 95 to 104 °C for 10

to 150 seconds.
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