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» TITLE OF THE INVENTION

Expanded foamed bead of a rubber-modified styrene

‘ polymer N
\ t BACKGROUND OF THE INVENTION
5 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-

10 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)

15 a continuous styrene polymef phase; (b) a rubber phase

- dispersed in said éontinuous étyrene polymer phase (a),
wherein the rubber phase'cbmprises a plurality of
substantially flat, butadiene polymer rubber particles
each having at least one styrene polymer particle

20 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

25 foaming agent gas within the closed cells, and can

This Sheet Has Been Reﬂlaced




clzosed.cel I's defined by cell walls |whchkigonstigtetm h matrix for the bead.
Each okotdapssg! | wal | s conprises two surfaceg-geparated by a distance equal
to the thickness of the cell wall. [The—pafriccomprses: %& 17ER4{09700

cénti nuous styrene pol yner phase;/(b) a rubber phase dispersed in said
continuous styrene pol yner phase (a), wherei%h the rubber phase conprises a
plurality of substantially flat, butadiene polyner rubber particles each

having at | east one styrene pol yner p%rtic e occluqu Ihergén; wherejn the
flat rubber partféragtageously be employed for producing, for example,

packaging materials and cushioning materials or pack-

ings which are improved in resistance to breakage, such
as cracking.

5 Discussion Of Related Art 5

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.

10 The obtained foamed, molded products are widely em- 10
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-

15 ance to breakage, such as cracking. Therefore, for 15
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 relatively large weight and the packaged

20 'article is transforted, there is a danger that when the Zﬁ
packaged article sustains a jolt or impact during the
_transportation, the cushioning material suffers crack-
ing. When the packaged article further.repeatedly'
sustains an impact after the cracking of the cushibning-

25 material, it is likely that the article is damaged. 25
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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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shaped products.

During the nmold- ing, the expanded foamed beads are

further foanmed (or expanded) to give an ulti4mate foaned, nol ded product.

The obtai ned foanmed, nolded products are widely em ployed as,

packagi ng materials and cush- ioning materials or packings. However,
f oaned, nol ded cles are likely to be disadvantageously exposed on the
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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 celi 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

This Sheet Has Been RTlaced

ng. Discussion O Rel ated
WO 94/255

for exanple,

10

15

20

25



cl—f
|

produgts produced from convention expanged-+oangdibeads of a styrene

pol ynfr are insufficient in resist} THigceHkid %N%ﬁﬁﬁ@ , such as cracking.
vo7dher efWOSUZSEIS oxanpl e, when a foajred, KEPUEGEDr odudt pr o REKIPHO87H0
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cushipning material in packaging an arti- cPe having a relatively large
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st”th ' repeata@g&sile strength and elongation, and the structure of

.ally cells in the foamed, molded product. These vafious

in - physical properties of and the structure of cells in
the 5 the foamed, molded product are influenced by the dis-

y to persion morphology of the rubber particles dispersed in

a the styrene polymer constituting the cell walls in

expanded foamed beads used for producing the foamed,

~Open " molded prodﬁct.

d 10 Unexamined Japanese Patent Application Laid-~Open
his Specification No. 3-182529 discloses an expanded foamed
ned by bead of a resin prepared by mechanically blending a
lock high impact polystyrehe and a hydrogenated styrene-
nese butadiene block copolymer. However, when a rubber
-311541 15 comﬁonent is mechanically blended with a resin, the

e dispersion of the rubber component in the resin is

is maddq - likély to be uneven, so that the dispersion of the

a rubber component in the cell walls of an expanded

foamed bead of the resin inevitably becomes uneven.

he 20 The uneven dispersion of the rubber component in the
anese cell walls is likely to cause breakage of the cell
e to 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-

f the ? 25 from. The breakage of the cell walls is especially
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t Hi ckness of the cushioning material. However, when the thickness of a
cushioning material to be used in packaging”an article-is increased, the
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low expanding capability is subjected to molding under

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

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. 10

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 15
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 20
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, 25
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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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¢ spersed in the styrene pol yner aré of a nog“ﬁrrented type, it |s
difficult for the rubber particles to change in conformty with the
formation of cells during the expansion of the rubber-nodified styrene

pol ymer. Theref orgivankagés th€1 eXBanapparehtt te hoker sRidifdedirstthiens
“pol ynmer, the rubber parti-
from the following detailed descrlptlon and claims
taken in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
5 R 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
10 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
15 the fbamed bead of the present invention with a portit ;g
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
20 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

25 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) a continuous styrene polymer phase;

(b) 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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f.oam ng agent gas in the cells is mti@f}?@@f}@yzpmgxam ned Japanese
Patentgﬁg | ication Laid-Open Specificati@j§%@§ﬁ6§¥%$5043 di scl oses. an ¢
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made froma styrene pol ynmer obtained by polynerizing a solution of a
styrene-but adi.ene bl ock copolyner in a styr nononer. Unexam ned Japanese
Pat ent Application Laid-Qpen Specification No. 2-31154: discloses an

The bead i 5 made 1P moF S AR yror COb er KBy porghe: Siige ch M "
thickness of the cell wall, is substantially 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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sel uti ¢gn of a styrene-soluble rubber in styrene. However, foamed, nolded
sunamanc 10 BASHE “ocumont s ar 6 unsd 1LY SEERTy CnoFAL| St ancoPEDIBABIING. The
cracki fg resi stance of a foaned, rmlded’ rﬁﬂﬁat depends on various physi cal
proper{ies of the Substitute sheet - 24 3}y 1996
ng the polymer phase in the cell wall in.the foamed bead of
arallel the present invention. In Fig. 1, numeral l.designates
ein the a cell wall, numeral 2 designates a surface of cell
y the: wall 1; numeral 3 designates continubus styrene polymer
5 phase (a), numeral 4 designates rubber particle (b);
numeral 5 designates a styreﬁe polymer particle occlud-
ed in rubber particle (b); charactérs a and b designate
£ the lengths of the short and long axes of the cross-
of section of rubber particle (b), respectively}'aﬂd
- 10 character c deéignates the thickness of the cross-
1its section 6f cell wall 1.
1s Fig. 2(a) shows an enlarged diagrammatic view of
19 the foamed bead of a rubber-modified styrene polymer 6
of the present invention with a portion thereof cut
15 away to show a cross-section of the foamed bead. 1In
Fig. 2(a), numeral 6 designates the foamed bead of the
! presen present invention and numgral 7 designates a élosed
cell in the foamed bead.
r of Fig. 2(b) shows an enlarged diagrammatic view of a
. foamedi 20 portion of the cross-section of Fig. 2(a), which is |
planes encircled by a broken line in Fig. 2(a). 1In Fig. ﬁ(b),
of the numeral 7 desigﬁatés a closed cell in the foamed bead
e figur and numeral 1 designates a ceil wall.
ntially The expanded foamed bead 6 of the present inven-
styrenl 25 tion comprises a plural;ty of closéd cells 7 defined by
Sheet Has Been Replaced:
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‘foaned, nol ded product, such as caoap

essive strength, tensile strength and
el ongatygiyqeélg the structure of

getHIS gurctned @ , nhol ded product. These
various physical properties of and the gisuct cel | s PRT{IRG4/PQIAe 4O 94/25516
nol ded product are influenced by the—eis-—3 br phol ogy of the rubber
particles dispersed in the styrene polynmer cOfistituting the cell walls in
expanded foaned beads used. for producing the foaned, nol ded product.

unexan ned Japanese Papeli s APPbh£@hi BBk ek tucac 8255 G Yhdbess 182529
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.
'5 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

10 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

15 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

20 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

25 of the foamed bead, the rubber particles serving to 25
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bead

and 2 Jhydr ogenat 6d styr ene. but adi A BB GEE TCORRTF]. However . when &
94/9070 QQ’@%A@M i s mechanical |y bllendedR@itiria resi f, thectiyppswossoon of
the r gbber conponent in the resin i s TTKet ven, so that the
di spergsi on of the rubber conponent in the d8l1 walls of an expanded foaned
bead ¢f the resin inevitably beconmes uneven. The uneven di spersion of the
t{ﬁ;q%)e conmponent in the cgl I svval ls is likely_ to causuesebreglkagﬁeoimtggtcel I
sjdue to t HEMPPERERCEhEf SPEP3E aégﬁegata@&f%r?ér 4 p
es 2 on the styrene polymer phase. However, in the foamed,
d by a molded product produced from the foamed bead of a
wall -1. rubber-modified styrene polymer, the configuration of
5 the rubber particles, the molecular orientation of the
7 rubber particles, and the molecular orientétion of the
inuous styrene polymer are completely different from those in
ality OH the non-foamed, ruﬁber-modified styrene polymer.
articley Therefore, between a non-foamed, rubber-modified sty-
ticle 5i,, A rene polymer and a molded product produced from a
foamed bead of the rubber—modified styrene polymer,
e P°1Ym9 there is a large difference in the type of dispersion
2 to morphology of the rubber phase suitable for improving a
-modifif cracking resistance.
ober 15 With respect to a foamed bead of a rubber-modified
2 rubbe} styrene polymer, the present inventors have for the
<ing first time found that when the rubber particles dis-
1se. persed in the continuous styrene polymer phase are
ad arranged in a specific lamellar configuration along the
s=modi-} ;4 ‘thickness of the cell wall and the dimensions of each
3 in'thg rubber particle and the thickness of the cell wall
>°lYmer§ satisfy specific relationships, the foamed bead has a
Jresenc! high ratio of closed cells even at a high degree of
1e matr| expansion or foaming and is excellent in the retention
g to ;| 5¢ of a foéming~agent gas, and a molded product produced
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cdse of a highly expanded foaned bead in WA ¢ i ckness of the cel

walls is small, so that the expanding capabi}4ty of the expanded foamed

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-
5 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-
section of the celi wall 1, taken along the thickness
of the cell wall 1, is substantially parallel to the
10 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)
15 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
20 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

25 particle, as measured in terms of the length of the 25
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Such a nol ded product~havi ng voids has a poor
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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 Rep laced




modi fied styrene pol ymer, which ils TH@é%”ﬁFdﬁﬁiBEﬁm ove- nent i oned probl%ns

of thep t. As a result ofl the abdvé 8t udie$, with respect to an 16
expanded T’oameﬁ bead of a rubber-nodi fi€d styreme—pol yner, PG&%?‘?’Q% O 94/255
pfurality of closed cells defined by ceII_Vfﬂ%s whi ch constitute a matrix

for the bead, it has unexpectedly been foun hat when the rubber particles

di spersed in the matrix are arranged in a |lanellar configuration along the

thickness of theaglily W3 |t}'f'%=.ndcl{ﬂl“kr$§@nﬁlﬁ?ﬁsof3ftﬁ@CPuBHQPeEaE%EEEL@ ,€aand
t he thICk- ness of the cell wall satisfy specific relationships,

measured in terms of the length of the short axis 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
cracklng 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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I n resistance racki ng, but also has an

Thus,
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

" with distilled water; the foamed bead is embedded in an

epoxy 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

This Sheet Has Been Re ﬂ
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the foaned, nolded product can adya ST pl oyed as, for

exanpl ing materials and ,us A.0Nni Ny na i al s or packings. Based
on th @g‘ﬁ%ﬁgfl ndi ngs, the pres ,m-..J.mLé.f,,- been cORGH/IRISW0T00t D{94/25516
aécordingly, an object of the present invention to provide an expanded

f oaned bead of a rubber-nodified styrene poldher, which has a high ratio of
closed cells even at a high degree of expansion and is excellent in the

retention of a foam ng agent . gas gnd whi ch can, advant ageous be enpl oyed
for produci ng a FORRBA, SRS A SAGHRS i BT g 5 TRASIERECTP chEe 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: paz
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 PI:
include a sphere, a cylinder, and an ellipsoid. la:

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 th

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 close 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 yole

the cost is increased. 0.

In the foamed bead of the present invention, tht tl

fact that the flat rubber particles are arranged in £:

25 specific lamellar configuration alopg the thickness ' 25 e:

heet Has Been Replaced
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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

15

lar weight and the like.

20

25

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 yaried depending on the molecu-
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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!8.advantages will be apparent to those skilled in the a fromthe foll ow ng

|| det ai | ed wid9smRszEi on a clainms taken in connection with the I ng
HEN oQe = GS Fig. 1 shows an 5@?@%’2@% '0 94/25516

11drawi ngs. BRI EF DESCRI F
!’dfagrannatic vi ew of Ci sect1,Q e cebly wal I" of the expanded foaned
' bead of the present inbenti-ai THk8n al ohg twd pl anes which extend in the

direction of the thickness of thg cell wall and are transvgrse to each
other, illustrat iwoeh heothener atorsmeERhehad¥well 134bS i arlehaldsy dHeélgel

moiety being defined as a value (B) obtained aécordim
to the formula III:
B = 100 « (W - Wy)/Wy (III)

5 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.

The "intrinsic viscosity" mentioned herein means a
10 visco;ity obtained by extrapolating a curve based on 10
the reduced viscosity against the concentration to
infinite dilution. The "gel moiety" mentioned herein
.corresponds to the rubber phase.
When the intrinsic viscosity of ﬁhe continuous
15 Styrene polymer phase is less than 0.6, the molecular 15
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

20 intrinsic viséosity of ;he continuous styrene polymer 20

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

25 phase be from 0.65 to 0.85.

25
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rubber particles dispersed I n a continuous spyrene_polyner phase in the
e b et v| GO oF ke TR GEED [pead of T he. pr s ST IAVEMPon w t
a portipn thereof cut apay td”shﬁVr%.cros ection of the foanmed bead; Fig.
2(b) shpws an enl arged diagrammatic view o#iportion of the cross-section of
Fig. 2(B), which is encircled by a broken line in Fig. 2(a); Fig. 3(a)
tﬁgquqaldiagrannatic VIeW hglg%%l 'hggindex of the gel moiety is less
according than 6.5, the cross-linking degree of the gel moiety is
too high, sd that the thickness of each rubber particle
D is less likely to become appropriately small in thick-
gel 5 ness in the course of the formation of_ a foamed bead.
d W, On the other hand, when the swelling index of the gel
moiety is larger than 13.5, the cross-linking degree of
Y- the gel moiety is too low, the elongation becomes
ans a insufficient, so that the cracking resistance is poor.
ased on 10 It is more preferred that the swelling index of the gel
on to moiety be from 8.5 to 12.5.
d herein " In the present invention, the cross-linking of the
rubber phase ocﬁurs during the production of the ;ub-
inuous ber-modified styrene polymer. Illustratively stated,
olecular 15 after a solution of a rubher in a styrene monomer is
e is too polymerized, the resultant reaction mixture is intro-
s styrenf duced to a volatlllzatlon apparatus which is heated (at
of the 150 °C or more) in vacuo, to thereby remove the unre-
When th{ acted styrene, thus obtaining a rubber-modified styrene
polymer| polymer. In this operation for removing the unreacted
prepare styrene, the rubber phase undergoes cross-linking by
using suf heat . | '
- the In the foamed bead of the present invention, it is
+ polymer preferred that the flat rubber particle be comprised of
25 at least.one butadiene pplymer selected from the group
Sheet Has' BeenR laced
T




the manner of protecting an article with a set of four packi ngs (uIti'é#
foaned yaghAeg e Produc fromthe expanded foamed beads of the

present invert i c for padikeSHEG tihe %55‘“ cle in a container PERIPH/AITH jg 94/25516 -
Substitute sheet- 24/[7/ 98 &iprotaste
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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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f oamed bead of a rubber-mo
y of closed cells defined by cell walls which constitute a matrix

shows a diagrammatic view of the con- tainer having the article

and packaged - t he manner shown in Fig. 3(a), show ng
_ é’rfg one cgrher ‘ﬂﬁf?cﬁ-e’ﬁ(ﬁ BEFfp¢ in collision witHPCI/JRME0740n t he
ting). Accordimg tothe.gnesent (i nvention, there is provided an

d s®prene pol yner, conprising a

each of the cell walls conprising two surfaces separated b
tQing¢$g¢ckn§§§lgmstﬁgcgg suchgthat a disperse ber >’ @

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
preferably from 0.1 to 0.5 pm. 1In the rubber-modified

styrene polymer to be used in the present invention, it
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cell wall, the matrix conprising: (a) a continuous styrene polymner phase;

' and (b)‘@

phase di spersed in_the continuous styrene pol yner phase
i (a), COHpPiSIﬂg‘& plu er{gnef ----- subsimptli al ly flat, butadiené‘%%ﬂ?ﬂ@ﬁ
" particles each havingjat 1ea

700 BARSE1S

20Re styriene pol ymer particle occluded

i therein; wherein the rubberparti-dl es ar&4arranged in |anellar

f configuration al ong the thickness of the cell wall and are oriented so that
the long axis of a,

10

15
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25

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
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 ﬁherein at least two styrene polymer particleslo.
occluded in each rubber particle.. In 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
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-
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

in the cell walls of a foamed bead. On the other hi 25
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Cross- gction of each flat rubber particle, as viewed Substitute sheet
24/ 7/ 9910 in a cross-section of the cell wall, taken along the thickness
(/Teg4/00708 B oa/RSSHBI |, is su qs;tg[anrtsl @l &E:gih el to the two suPCHIBMWOGTON he cel |
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25

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

. This Sheet Has Been Re'placed o
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nmeasured in ter
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cross-section o

[err] 0.2 (1), and 10 [err] b/a [err] 40 (||i~“”-
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| eng{ ht'of ~the

b represents it
ms of the length of the |ong @xis of the cross-section of
icle, and c represents the thickness [err] of the

sentsi e Lanxnes%% rr] of the rubber particle as

f tﬂLefx%Artléiés each having a core-shell structure
wherein a single particle of a styrene polymer is
occluded as a core in ‘the rubbe;'pa:ticle which consf
tutes a shell, and 20 % by weight or less, based on t
weight of the dispersed rubber phase, of flat rubber 5

particles each having a salami structure wherein at

least two styrene polymer particles are occluded in

each rubber particle.
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. the weight of the foamed bead of the present inventic

There is no particular limitation with respect t
10
However, it is preferred that the average weight of t
foamed bead be from 0.2 to 2 mg, more preferably fron.
0.4 to 1.2 mg. Herein, the term "average weight of t
foamed bead" means a value obtained as an average
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 invenfion, which comprises:

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

(a) a continuous styrene polymer phase;

(b) a rubber phase dispersed in the continuous 25
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Referrirgg now to Figs. 1 through 3(b), the present invention is described

bel ow i
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ided in
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inventiojf
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rrage

.on, therq
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the
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.0 form a

tyrene

tinuous

gﬁfﬁ@ . Fig. 1 shows an enl arged di agrammati c vi ew of

of the cell wall_of the expanded foaned beaBCHIPMM7W csent

n, taken aqugu;wmgpfagﬁﬁggﬂﬂ h extend in the direction of the -
I wal.. :

s of the ce Ff;ﬁﬂdg@ge transver2d to each other. The figure
tes the di spersi.oi noiphetegyof substantially flat rubber

s dispersed in a continuous styrene L.
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 |
10 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; - Wp)/Wy (III)

15 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

20
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

25
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Substitute sheet- 24 July 1996 polyner phase in the cell wall in the %oaned
bead ofwolma/ssgsent invention. In Fig. 1, nuneral 1 desi gnm@d’ wal |,

nunmeral 2 desi gnat espa—surface.af cell wall 1; nuneral 3 d oﬁﬂﬁﬁm
conti nuous styrene pEWﬁﬁbEHBH&ﬁéS@E}N nuneraég4 desi gnates rubber particle

(b); nuneral 5 desighates :a styregne pol yner farticle occlud- ed in rubber
particle (b); characters—a-and-b-destgnate the | engths of the short and-:

long axes of the GLOSFrgSEELERD 8Lkt LURBA™ pBRYhkE!, €ah) . respectively; and

(4) heating the cut, impregnated rubber-modifi

10

15

20

25

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

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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char act

‘d?ﬁhmﬂﬁ ) shogg an enl-a

rupber-

t her eof fcut away to shoy a cr&sﬁAsbﬁtlon

nuner al §6 desi gnates the Toanmed bead of the zwesent invention and nuneral
desi gnafes a closed cell in the foaned bead. Fig. 2(b) shows an enl arged
di agrangatic view of a portion of the cross-section of Fig. 2(a), which is
a styrene-butadiene block copolymer are preferred.
rr-modifj
These butadiene polymer rubbers can be employed alone
or in combination.
be used _ .
Examples of styrene monomers include styrene;
:sent in :
5 styrene derivatives in which an alkyl group is attached
such as § . .
as a substituent to the benzene nucleus, such as o-
d of bu
methylstyrene, p-methylstyrene, m-methylstyrene, 2,4-
1, or an : y
! dimethylstyrene and ethylmethylstyrene; a-alkyl-
substituted styrene derivatives, such as a-
:thod ca
10 methylstyrene; and styrene derivatives in which a
halogen atom is attached as a substituent to the ben-
.ssolved
- zene nucleus, such as o-chlorostyrene. These styrene
1 is sub- '
: monomers can be used alone or in combination.
>eratureh
At least one monomer other than a styrene monomer
15 may be employed as a comonomer. Examples of comonomers
nclude :
include acrylonitrile, methyl methacrylate, and maleic
ene havi} -
anhydride.
1,4 addi . .
When the polymerization reaction is conducted, a
:ent of
solvent may be used. Examples of solvents include
s-1,4 ,
' 20 -aromatic hydrocarbons, such as toluene, xylene, and
additio% ' '
ethylbenzene. These solvents can be used alone or in
mt of 1
combination.
m SBR aﬁ
The polymerization reaction can be effected simply
-isopren ‘
by heating at a temperature of from 100 to 180 °C
:adiene
25 without using a polymerization initiator. However, for

r ¢ designates the thlckness of the cross- section of cel

i ew of the foaned bead of a
present inventi onP@TATP94z00pelr t i on
of the foaned bead.
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styrene
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encircl ed by a'broken line in Fig. 2(a). In Fig. 2(b), nuneral 7 desiggfs
in the foamed bead and nuneral 1 designates a cell wall
expandW® 94Rs81d bead 6 of the present inven- tion conprisaCTywYe0R0

cfosed cells 7 def Wﬁﬂ;@%r”””SSHﬁﬁNtute sheet - 24/7/98 1 2 cell wall
whi ch constitute a - f orct _ '

a cl osed cel
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d 6, 3p

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 iI
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

e
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conpri sing & “'“fﬂﬁ'fw ot °“h,tant|a§¥y flat,
particles 4 each haV|ng at
therelg

~monomer is polymerized (see Example 1).

walls 1 conprising two surfaces 2 (only one surface is
arated by a distance equal to the thickness c of the

d#% 1) s
PS8 e TTHIS SHEEPHASQBEEI\( R) a continuous styreRETIFP4/0I00 phase
3; and b) a rubbern phasg

n the continuous styrene pol yner phase
but adi ene pol yner
particle 5

p{mgr sed

| east one styrene pol yner

ral .when, a rubber-nodified styrene | ymer
or ex mﬁie, heating ih vacuo to obtai a ru%%é&—

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

Thls Sheet Has Been Rep lace




i s jolted or

pol ymer phase.
produced froma foa
consi dered t hat

i mpacted, it exhibits a resistance to cracking. The cracang

reS|stanmggqﬁﬂQGrubber-nDdlf|ed styrene polyner is due to tE& resence
rubber phase di sper ol ymer phase, the rubb ﬁﬁ%g

td suppress the sprdqHIDEHEFTE HASKBER)
Ther ¢f ore, REFIACEDI th 1

caused S§ t he i mpact on the styrene
bspect a foanmed, nol ded product
er-nodi - fied styrene polyner, it is

d, i 1]
pol ynmer, a crackwﬁ%aégs §n§a§8F§deHVb§Pé§%§%@z %heaﬁgggente ﬁ¥éﬂ§me
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polymer, the styrene polymer blocks bound together a§
unified into the continuous polystyrene phase, whlle’
portion of the styrene monomer enters into the butadj
ene polymer blocks bound together, so that the butad% 5
ene polymer blocks together form a shell around a coy
formed of a single particle of the styrene polymer.

In general, for efficiently forming dispersed
rubber particles having a core-shell structure, there
can be used, for example, a method in which the affiqlo
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 whioh the rate and tin
of stirring the reaction system during polymerization
are appropriately adjusted; and a method in which e
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- 20
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 .. 25
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ubber particles in the cell walls as the matrix of the foaned bead,

er particles.serving to 13 Substitute sheet - 24 July 1996
ITE34{98700 k0 9478501 ead THIS SHEET KiABBEEAUSed by the inpact on RORJESHPIAe
pol yner§ phase. Howe er“ | B P@E foamed, nol ded product produced fromthe
f oamed pead of a rubbet “uu...“” stywlene padyner, the configuration of the
rubber Pparticles, the nolecul ar orientation of the -
styrene particles having a salami structure wherein at least
jether a two styrene polymer particles are occluded in each
*, while rubber particle, it is preferable to use a polybutadi-
1@ butad ene as a rubber component. That is, for preparing a
1@ butad 5 feed stock solution for polymerization, first, a poly-
ind a co butadiene is dissolved in a styrene monomer and then,
dlymer. the styrene monomer is polymerized (see Example 2). 1In
Jersed this case, since there is present only a polybutadiene
ce, ther in the continuous phase of the styrene polymer, the
the affi 10 polybutadiene forms particles while a portion of the
>lymer i styrene monomer enters into polybutadiene particles’
a feed being formed, so that a plurality of styrene polymer
1S appr particles are occluded in each butadiene rubber parti-
2 and ti cle.
arizatio 15 As an alternative method for producing a rubber-
which modified styrene polymer, a combined method of bulk
onducted, polymerization and suspension polymerization can also
3les havz be utilized. In this method, a bulk polymerization is
propriatl conducted in the early stage, and a suspension polymer-
rubber- 20 " jization is conducted in the later stage. That is, a
he detai! butadiene polymer is dissolved in a styrene monomer to .
be madei obtain a solution for polymeﬁization. Using this
AppliCatQ solution, first, 10 to 40 % by weight of the styrene
; monomer are polymerized with the butadiene polymer in
d rubberé

25 the same manner as in the above-mentioned bulk polymer-

. This Sheet Has Been Reﬂlaced




rubber particles, and the nol ecular orientation of the styrene pol ynef:
conpl efyq) ya/skish§ erent fromthose in the non-foanmed, rubber- F?Flhﬂll%ﬂﬁ)t 94125816
Sty

pol ymer. Therefore, ed, r ubber - modi fi ed rene

and a nol ded produc %ﬁ&ﬁﬁ&w oaned 9 ad of the rubber-nodified
styrene pol yner, e |sﬁﬁfuﬂéE@e di ff erence ?n the type of dispersion
nor phol ogy of the rubber phase—surtabl e for inproving a cracking

resi stance. Wth t f
LA, 2 QP0RY BBR0 AT %mi kEBEE BRCLT pRgtIkIIgNe

pol ymer, the presen
polymerized styrene polymer and the remaining styren

monomer. The obtained mixture is stirred and dispeq
in an aqueoﬁs medium in the presence of a suspensioq
5 | stabilizer and a surfactant, and subsequently a suspy 5
sion polymerizétion 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
10 be formed into pellets or a powder. 10
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
15 to ultraviolet rays, as well known in the art. 1%
-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
20 ~ follows: ' ' | - 20
The above-obtained rubber-modified styrene poly
is impregnated with a foaming agent. fo: impregnatit
a rubber-modified styrene polymer with a foaming agef
and molding the resultant impregnated polymer with i

25 situ foaming and expansion, there can be advantageou ;g

nusllsillirlklllaimln|ll7i‘m




fisrst t@ne found that when the rubber particles dis- persed in the

n anti-?
{

tabilizé
foamabé
a rubbeé
tion anﬁ
ained a;
ne'polyﬁ
regnatin
ing ageni
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the f

rene pol yner phase are arranged in a specific lanellar

élong t he thickness of the cell wall and thePgr/meodroo706 oOf
ber particle fafy )
shi ps,
ree of expansion or-i
agent gas,

Igéf of the cell wall satisfy specific
ngh raty® of closed cells even at a:
ng anf is excellent in the retention of a
and a nol ded product produced

used a so-called extrusion/impregnation method.

-
amed ‘P

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-

" . -This Sheet Has Been Reﬂlaced
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Substitute sheet - 24/7/98 14 therefromis not only excellent in r esilet

to crack- in
i nvent iYH9 94

| anel | ar con-

oriented so that the

but al so has an excellent appearance. In the present
16hown i i

-0 rubber particl es 4pergred/eey
figurat gﬁ! gcggg gBtEEﬁckness of the cell wall 1 and &
Da crdss-s&sion of each flat rubber

particle 4, as viewed |n a cross- section of the cell wall 1, taken along

t he t hi ckness
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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 reiain the molten mixture of the rubber.

- modified styrene polymer and fhe foaming_ageht in thy
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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ell wall 1, is substantially parallel to the two surfaces 2 of the
cell waljl d the cell wall 1 and each flat rubber particle 4 sati sf
shpssité i :

TROR00705 and |p=—6—8+—-er+t—ate [err] 0.2 (1), rOow/JyPe4/§0708] b/ a
[err] (11) \/\heﬂﬁbn@?ﬁ“'_lr'é’iﬁéeﬁéﬁﬂs the thickness [err] of the rubber
particl § as measured in tBEWBAD t he- fengt h3®df the short axis of the

cross-sgction of the rubber partircle, b represents the dianeter [err] of
the rubBer particle as neasured in ternms of the

>hase ang

regulated by providing a conduit between an extruder

hase so and a die thereof and appropriately adjusting the

e rubbey length of the conduit. Alternatively, the retention
1isperseq time can be regulated by appropriately adjusting the

it is 5 rate of the extrusion.

rubber, On the other hand, foaming agent-impregnated,
1t in th rubber-modified styrene polymer beads to be used for

T more, producing foamed beads of the present invention can
:1ssure o also be obtained by a so-called suspension/impregnation
.0 10 method. In this method, beads of the rubber-modified
. been styrene polymer are dispersed in an agqueous medium in
th the the presence of a suspension stabilizer and a sﬁrfact-
suffi- ant while agitating. A foéming agent is introduced to
>aming the aqueous medium under a pressure of,_for example,
componeﬁls about 50 kg/cm?G, while heating at room temperature to
'cmZG, it about 120 °C, to thereby impregnate the rubber-modi--
extruder fied styrene polymer with the foaming agent. In this
-hat the méthod,_it is important to have a satisfactorily long

impregnation time.

lower tHf 20 Examples of volatile foaming agents to be used for

reased, . producing expandable, foamable pellets or particles of
the présent invention, inclﬁde aliphatic hydrocarbons,

> of a such as propane, butane,.penténe; hexane, heptane and
] agent petroleum ether; alicyclic hydrocarbons, such as cyclo-

i

£
2

can beé 25 -

pentane and dichlorohexane; and halogenated hydrocar-
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! Iength of the long axis of the cross- section of the rubber particle, {24
$9 hi ck- ness [err] of the cross-section of the cell wal |
ntion,

The pr o

dirameter [err]

of the 15

cross-section of the rubber pariTcre,
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ratio b/a [i.e., the ratiBCHIPI4/0700

of the §‘§’T: MSCEEEN s measured in terns of the |erdgth

Subst | ute CED 24 July 1986 |ong axis of the }

bons, such as methyl 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

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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hi ckness [er':T']GIS&S&HTaLf:&SJIBEEN partiglee as meas- ured in terns of the
f the short| axi sRaPLAGED cros$-secti"on of the rubber particle],

whi ch represents the flatness—of—a—ef 0ss-section of a flat rubber parti-

vi ewned éfbxﬁllfﬁfmgﬁé%{tﬁniaf sik® eRiandaldn drkerbahong, the

s of the ce

I's a Val ue-obtained as an average of the val ues
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lets or‘
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PEER 15
‘yved a
¥
ubjecté
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ection of the cell wall. As nentioned above, in the present

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-

This Sheet Has Been Reﬂlaced
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‘is preferably in the range from
10, thavoesbssigparticles tend to be .
so t hat the retentlon of a foan1ng

| owered. On the of

t hi ckness of the rub R Eﬁé¢%§ 4 excessi ViOusinmiel 1 ' 3
of the surface ofl4he- § artigle, resulting & | owering of tEe

ability of the rgpbgkeRar bicle uppr ess the_spread of t hr
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foamed, nolded slightly smaller than the innerydi
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e ratio ger than 70, the

relative to the

ter; of the cylin]

der and a wire (having a length_oﬂﬁfrom 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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I nvention, the ratio a/c [i.e., the

In the present

Substitute sheet- 24/7/98 ratio of the t hi ckness [err] of the
S8l6e, as n of the length of thecgiifeleeeos Of
bbé%sﬁﬁ;g]cle to the thick- ness [err]| of the
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ction of th
ratio al/c'

ceHRJ%W@&Dls alval ue 4gbt ai ned as an average of the

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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between the cross-section of the cell wall and each of the 20 rubber g
particl owspshgl y sel ected in the cross-section of the cell wall. As*:

ment i oned above,

from0.01 to 0.2. TheHICaS RS TaAS BEEMHeferably in the range from0.01 t
0.1. When the ratio a/c REPLEGED t han|0. 01, t&2 thickness of the rubber

particle is too

in a lowering of the abili- ty of the rubber particles to suppress thef
~spread of a crack thrcudgh ¥4k stiferre BOPYmér (BoaseW/80 (Rt the
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i nthe—present._invention, the ratio al/c i sPEFHIPI400760n

Lo

smal T T1Teratrtveto—t t hi ckness of the cell wall, resu

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 tota
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 10

criterions:

Mark Ratio of closed cells
© S(%)
O 80 % < S(%) < 90 %

90 %

(4

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

formula:

D=2Ln; » Dj/Tn; (L =1, 2, *-°)
wherein n; represents the number of rubber particles
hav;ng a dlameter Dl, and Dj répresents the diameter
(with an accuracy on the order of 0.1 pum).

when a rubber 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

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

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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172 Substitute sheet - 24 July 1996 In the present; F“@tlon the nunbef’
of the flat but adi ene pol yner rubber particles whi are arranged I n '

| amel | atv mﬁsbﬁrat ion along the thickness of the cell wall JPadfooteodr ab ‘KPMIZSSI
from2 to 20, nore pf r #d%iz o 10. The flat partic s are orienfed

so that the | ong axi ?ﬁg,gp Ag?%ﬁ?.on of gach flat rubber particle, a$
viewed in a cross-settion L cell jwall, taken along the thickness of
the cell wall, is substantially parallel to the two surfaces of the cel

styrene polymer 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

5 18 ml of methyl ethyl ketone and 2 ml of methanol and 5

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

hours and further subjected to centrifugation at 5 °C

and 18,000 rpm for 30 minutes to obtain a supernatant.

Methanol is added to the obtained supernatant to pre-

10 cipitate the continuous resin phase component. Then, 10
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

15 to a.Cannon-Fepske viscometer (manufactured and sold b 15
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

2b for 10 ml pure toluene to downwardly flow out is meas-| 20
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)

25 wherein C represents the styrene polymer concentratiof 25

e
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wal I When the flat rubber particles are not oriented in the

abo -de% ed manner, the ability of the flat rubber particles to
1005 UP wad spre“d'cj a—crack.is low The values a, b aRETUPR4EITRR
meadured by the fd Tiiuidig metARBEEM| portion of an expanded foamed bead is
cut pway to exposq a crassc/3E i on {hereof45 't he foanmed bead having a
Crogs-section expoSed s Tmmrersed—H an aque- ous 2 %osmumtetrachl oride
sol kion for 24 hours to thereby stain the cross-section, followed by a
yfwash ng (g/dl) of the solution. '

of
and 5
r 2

5 °C
tant.

pre-

‘hen, 10

>lu-

>lied

sold bf 15
)1
flow
the
ssary
meas-f 20

the

.ng

rratioff 25

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 obtained residue and then shaken at
25 °C for 1 hour. Thé resultant mixture 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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with distilled water;
can be WOr%4essté r d
cross-secti'on of t
el'ectron photomc
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“hours to thereby remove the moisture present in the

‘glass flask having the beads placedltherein is weighet

t he fdaned be “iy resin mhicw

oqraphuobuﬁﬁb ul tfathin sli?
- 24/ 7798 tTakem—=hd t he vaﬂﬁe @l c are measur ed

vacuum-dried. The welght (W) . of th__d;ied residue is
measured. The swelling lndex,_B(%i4w‘;icalculated
accoxrding to the following formulaq+ ib?-

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

Foamable beads are foamed with.éxpansion to obtaij
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

-

BdddthS BEE‘NE bead, ' Ay | “Pand dn
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configuration of a flat rubber particle as viewed in a direction

per pengdl to the su - wall is not specifically limted
and Cgﬂbg%%fl ed, for lekHopIREETAHAS BEENdr, el li ptic or pBCYIBHHI0700
configuration. There is| no pREPLAGHDRr ligitation with respect to the

conji guration of the foaned bead of—the—prekbent invention. Exanpl es of

hol ogi es of the foamed bead include a sphere, a cylinder, and an

: | #psoid. In the present invention, it | f
£ pan apparenﬁl@gﬁsm@y@ﬂgfqhﬁnq§qgé1Qi;%égetgééggntggttgngnfg%%?%n%Fad

hav
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
5 agent in the foamed bead is obtained according to the
braln following formula:
ity G = 100 « (G - Gp)/(Gy - Gp)
owed wherein G, represents the weight of the glass flask; G;
24 represent the weight of the glass flask having the
'€ 10 - beads placed therein, before vacuum-deaeration; and G,
dried represents the weight of the glass flask having the
reten beads placed.therein, after vacuum-deaeration.
The content (g/100 g of expanded foaméd'beadS) of
ded, the foaming agent in the expanded foamed beads is
wed 2 15 measured every 3 hours. Thus, there is obtained the
half-period [t;/5 (hr)] necessary for the 4 g of the
red foaming agent contained ih,loo g of the beads to become
ighed a ﬁalf (2 g). This half-period is taken as the ability
ing 2f of expanded foamed beads to rétain'the.foaming gas
The . 20 (retention of foaming gas).
eighe With respect to three types of foamed beads having
\ put apparent densities of 0.018, 0.023 and 0.040 g/cm3,
-rolled ‘
respectively, measurements are done.
e Evaluation is made according to the following
glass ) . '
25 criterions:
S
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It is nore preferred that th

i's increased.

‘the surface of the foamed, molded product, the number

When the apparent density is’

ceft= #g eh~tno f oaned bead is Iow an

1 ST THAS BEE q
| ar GEPLACEN O.

ls low. On the ot her hand, when the
0 [err] A8t he anobunt of the

.1 s di sadvant ageously increased, so
In the foamed bead of .the present invention,

El e
sﬁgle%_ar rrilé%cull:élulz (hr)]

© t1/2 2 100 hr
O 75 hr 5 ty,, < 100 hr
o 60 hr g ty/2 < 75 hr

ty/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

Sheet Has Been Reﬂlaced
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spe@fic lanmellar configuration along the thickness of - 19 Substitute
she 1996 the cell wall neans that in the course of the foam ng
new%éﬂ%#? o

of t difi (ef-rﬁ,t:’yg,?ps%% \é Er-Ttoward the for mat [ omvﬂmmﬁmanpd

bead e., in the course gpnent and expansion of cells,. which
causas the cell wall sto-b Lhed t he digspersed rubber particles are
apprppriately oriented-in conformty wth

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, |
5 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

-used packings are designed so that the article receives
in 10 static stresses of 0.08 to 0.12 kg/cm3, respectively,
ber from six faces, i.e., front and back faces, left and
hich right faces and upper and lower faces of the packings.
size The article protected by the four packings is
accommodated in coniainer 13 [shown in Fig. 3(b)] made
j 15 of a corrugated board. The container having the arti-
cle accommodated therein is dropped with corner 14
-ance 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,
20 dropped three times in total. Subsequently, the con-
tainer:is dropped one time with each of six.faces of
I the container downward, that is, dropped six times in
ffect total. Then; the container is opened. The four pack-
ings are examined with respect to the degree of damage.
of

25 The degree of damage to each of the packings is
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the stretching of the continuous styrene pol ymer phase. The specific

Ianelh@bja

be attai ne

tte Yy appr Py T Lags sqlling a relationship b

lasticity of the congﬂgﬁﬁgéf%§a§et,mpolyner phase and that of the rubber
phase. The viscoel agticity o

cross-1linking degree, the nol ecular weight and the |ike. The

viscoel asticity of _a styrene poly i s,varied depending on the nol ecu-
wei ght and the HWG%UQQQﬂn9¥n£R?eggg}ﬂleg §%F§iﬁgiFﬁgigﬁséppropriate
rel ationship be%we%% t he %éscoelas-
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iéguration of the arrangenent of the flat rubber particles c
dKﬂ%BH*@W@ovisc

rubbdr is v&Pied depending on the

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 re;ention 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 (foﬁr
evaluation items in total), total evaluation is made

according to the following criterions:
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tigq;y of the continuous styrene pol yner phase and that of the rubber

{DEZ )COI’](?I nugssg

foamed bead of the present invention, it is preferred that
styrene pol yner phase (a) have an intrinsi BCYiJyrenoo7dy oOf

from0.6 to 0.9 dl/d uree—ha-tol uene at 30 [err], and the matrix
il S 3

havg

a gel

noi ety w

I |HASBEEMIEX of sirom 6.5 to 13.5, the gel noiety

bei pg defined as an xtraB EkﬁCEDeS|dua of the extraction of the foanmed bead

of
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med
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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/or Q .
A Falling outside the above two criterions,

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

Sheet Has Been Re laced

il




20 Substitute sheet - 24/7/98, with t ol uene. al.gh. Lerr], the swelling

|ndex el nnlety belng deflned as a value (B 'obtalned according g
t he for{r)rugf‘agﬁlﬁ % %0 94125

[ em Herer epresents the weigh
moi ety swel | ed with ﬂﬁw F&ﬁ”@BB éﬂr] and [err] represents the weight]of
the gel miety obtailned DYERABERg t he svel |52 gel moiety. The "intrinsic
viscosity" nentioned herein neans a Vviscosity obtai ned by extrapol ating g
curve based on

hours. Then, the temperature was elevated to 130 °C,
énd 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
5 mixture was introduced to a volatilization apparatus 5
- 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
10 thereto, and then, extruded into s;rands. The obtained 10
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
15 was calculated from the mass balance of the above- 15
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
20  to melt kneading by means of a 30-mmd,.single screw 20
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

25 to be 7 wt%. 25
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thé reduced viscosity against the concentration to infinite dilution. The
noi etlilﬁ" ment i oned herein corresponds to the rubber phase. Wen the

:ion
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t he nol ecul ar

continuous styrene pol yner phager/y®a4loosg t han
Fnuous styrene polynmer phase is too

nti ngBIs styrene pol ymer phase

t hef conti nuous styrene pol yner phase is
red. Wien the intrinsic viscosity of the continuous styrene polymer

e is larger thanForther}{ ssbditbhitdallly thpr egmme polymerization

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

5 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

10 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.

15 (2)

Foamablewpeads were prepared using a machine for

Preparation of foamable beads

extrusion and impregnation (hereinafter frequently
referred to as “"extrusion/impregnation machine"), which
has a-structure'mentioned below.

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

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

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

25 conducted. The extrusion/impregnation machine is also
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apﬁropriate rubber - nodi fi ed styrene pol ymer, using such a. styrene pol ynerg
It is WO84RsS6erred t 1 Lntrinsic viscosity of the c ﬁmﬁ tyr n

pol ymer phase be from|OTi&5 d19-09- 18k BEEN ubstitute sheet ggi‘ uly 96 “%94’25
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cross-linking degree
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'of RRp e_y i sghess than 6. 5, the

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.

(I
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so that the thickness of each rubber particle is less likely to
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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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ber - nodi fi ed styrene pol yner. IIIustrativer stated, after a solution of
rubber wo 93,28818" ene L met+ zed, the resultant reactlo xt
i's,intro- duced to a volat“'i‘ij_.{'4 Jﬁ%é aratus which is heaP€l aﬂ&% [ en 0 94/28
or nore) in vacuo, 't her BEREAGERDV e tﬁe unre- acted styrene, thus

obtai ning a rubber-nodified styrene pol yner. >fn this operation for renoving

the unreacted styrene, the rubber phase undergoes cross-|inking by heat I'n

the foamed bead of) Jhefl e3e0LoLOYEY! 8 exhhihe RhE' B/aodntdd Nadidd

rubber particle be& CONprI
the ratio of closed cells, and the presence of lamellar

configuration of rubber particles. In addition, the
retention of the foaming agent gas was measured.
5 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

10 - foaming of the beads. Ulﬁimate foamed, molded products
were obtained (bulk density: 0.020 g/cm3) having prede. 10
termined shapes, which are intended for use as
cushion-packings for packing up a 30 kg CRT monitor in
a container.

15 (4) Resistance to cracking and evaluation of
appearance (in terms of the number of voids in the 15
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

20 respect to each of the molded products which were 20

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

25 96 wt% was dissolved in monomeric styrene so. that the
25
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ed fromthe gr comEPEACEDY of po- 57

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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adi ene pol yner

di spersed in a styrei
rubber particles in 3

dHID ISYIEET HASNBEEM
L st yriRERLAGEDY mer

r ubbBRET/FEM(00700,

es ar

er'al , di spersion of butadi ene pol yrier
can be&ttained by either (1) a

met hod in which a bu

thber

WO 94/2

. adienepotymer—t is dissolved in a styrene
osul tant. sol ut | BHEPSZp4Ry FE BauRiedt ayPsts T g wrene was changbd®
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 éhereby obtain two types of
expanded foamed beads each having an apparent density
of 0.033 g/cm3. The average weight of each of the -

obtained two types of foamed beads was 0.75 mg. The

20 20

properties and appearance of the obtained two types of
Vel 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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st ene pol yner

havi ng rubber particles dispersed therein; or (2) a method

poI néﬁgggﬁgﬁhadiene pol ynmer rubber is nechanically blended with a styrene

di spers uitably enpl oyed since rubber particles

he prlesent i¥¥ention, it is not preferred to

e pr: ,.,.t:% gé[?%EEN Tthe di spersing net hod EEX/IXBHGT00

use |t he di spersing met hod (2) (nmechanical disper- S|on) si nce when a rubber

subjectedyto 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

(nod- mechani cal
can lbe evenly dis-Lpers
d;onronent i s mechani cal
t
er- 5
The
nable
2r as 10
he
pec-
same
s of
3ity
The 20
es of
m
ce 25
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ggbsti;;;e sheet - 24 July 1996 23 di spersed, problens occur such that a

| sper e partlcle |s Ilkely to assune an irregul ar e .
di sper si onl"gg rubber = Heely to be uneven and ‘ﬁﬂ?@%@(ﬁ@persi rV]V094_/.
is less likely to be aJtﬁ'“-e@&ﬁFT H:% BERN bresent invention, when the-

di spersing method (1) |( non-ReRi&EDcal d] sper&Pon) is used, in the resultaht

rubber-nodified styrene pol'ymer,each rubber particle -has either (1) a

core-shel | structure whe
ut in sé%é%antlally 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
5 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
10 having a butadiene content of 60 wt% was dissolved in 10
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
15 the same manner as in Example 1. The obtained rubber- 15
- modified styrene polymer (III) had a butadiene content
of 8 wt% and an averagé particle diameter of 0.3 um,
and the rubber particles dispersed therein had a core-
shell structure. |
20 On the other hand, a polybutadiene rubber having 2 20
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

25 out in substantially the same manner as in Example 2.
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I n the present

gle particle of a styrene polyner I's occluded as a core in the rubber

cle which constitutes a shell, (2) a structure wherein at Ieast t wo
o 9a2§s1er part esﬂ in the rubber part pghrBpbd/bF
" " struft Pé?h“éapég ]nndified styrene poréngrg to° e used
ber

d "sal am

I nvention hase g conprised of rubber particles

havijng a core-shell structure, a sal ani structure, or a conbina- tion
of . In the rubber-nodified styrene polymer, it is preferred that the
r phase be mashtserhed rulbbéf-modified styrene polymer (IV) had a

in

ially
ber-
tent
m,

ore-

‘ing &
ic
.iene
-iné

ed

10

15

20

25

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-

ated. 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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particles each having a dianeter of 1 [err] or |less and having a core-she'l

struct we 9428516 hi s HAPBEEN| ef erred that each (cgres

structure) rubber pe?ﬁﬁcl }IE?EI di abreter of fromO0.1 to géf’g%"y%re ‘wom
preferably fromO. 1} . he rqufr-nndlfled styrene polymer fo

be used in the present inventlon It . Su_stitute sheet - 24/7/98

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
5 maintained for 20 seconds; and condition 3 ;n 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
10 apparent density of 0.023 g/cm3, and expanded foamed
beads obtained by using condition 3 above had an appar- 1
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
.15 Example 1,,thereby obtaining an ultimate foamed; molded
| product having a bulk density of 0.11 g/cm3. The 15
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,
20 molded product having a bulk density of 0.14-g/cm3.
The foamed beads having an apparent density of 0.040 i
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.

25 With respect to each of the above three types of foamed

Ny
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4 % also preferred that the dispersed rubber phase be conprised of a
m xX®ur e g‘f g&[%by wei ght or nore, based on the weight of the rubber phase,
UM i ¢l es e H.ﬁuag,qgg- ﬁA@'B%Eﬁter of 1 [err] or PEHIPIMRATM0avi ng a
: er el & I"e pgrticle of a styrene polyner is
occljuded as a core in .clle W3 ch constitutes a shell, and 20
% by wei ght or |ess, based on the weight of the dispersed rubber phase, of
rubfer particles each having a salam struc- ture wherein at |east.tw)
styrene pol ymerbeadsi ahdsearh of the foamed, molded products obtained

e

therefrom, various properties are shown in Table 3.
Example 5

Substantially the same procedure as in Example 4

t

he 5 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

ied,
corresponding thereto. With respect to each of the

ia .
n three types of foamed beads and each of the correspond-
10 ing molded products, various properties are shown in

Jar-
' Table 3.

7-an Comparative Example 1
Substantially the same pdlymerization proéédure as
! used for preparing HIPS-1 in Example i (1) was repeated
taed 15 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 |
20 foamed, molded product corresponding thereto were
prepared from the above HIPS-8 in substantially the

as
same manner as in Example 1. The properties of the

ed
' above-mentioned foamed beads and foamed, molded

products are shown in Table 4. With respect to the

amed ,
25 obtained foamed beads, the ratio b/a was 8, the ratio
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i occluded in each rubber particle. In this case, it is nmore preferred that 2
each rup¥e ﬂ”ﬁéﬁﬁlcle h | structure have a dipgeraredombe from v
0.1 to 1 [err], nore p-\' b es MTyHﬁ\S(B 041l to 0.5 [err]. Wth respect to the
i rubber-nndlfled styrepe pohu}&AﬁEDto bg used g4 the present invention, when
a rubber particle has structure and has a diameter of 1 [erw
or less, even dispersion of flat rubber parti- cles in the cell walls of a
foamed bead can be/cbwatsaindkb , Eapkcilz | gveragaewedglet obashe . pbomact | &s of

a highly expanded foaned bead, in which the thickness of
is apparent 'from Table 4, the above-obtained foamed

beads were poor in the retention of a foaming agent
gas. Further, the foamed, molded product obtained

5 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

10 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

15 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

20 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-

25 obtained foamed beads was unsatisfactory in cracking

-
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wall is small, rubber particles each having a di ameter as small as 1
‘@ tlﬁre SU|tabIe for faC|I|tat|ng even di spersion of flat rubber
S’In

partfcl e cel rtvval [ at bead. On the ot her PREABI4/00700
§%§§¥ respect to rubber particles each

Sibsfitute sheet - 24 JUT Y VAl

havifpg a sal am struk ast ttBo styrene pol yner parti -
s _
resistance.
Comparative Example 3
Substantially the same polymerization procedure as
used for preparing HIPS-1 in Example 1 (1) was repeated
.ng

5 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

10 obtained rubber-modified polymer was designated as
HIPS-10. HIPS-10 had an [n] value of 0.85 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
15 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
20 - 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

25 o Substantially the same polymerization procedure as
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cl.es are occluded in each rubber particlef the particle dianmeter thereof

tends o 24¥¢ € tha it is somewhat diffj bt ai n
an even dispersion o I hAS BEEN  cles in the cell M/a@&%#@’@oaned
bead. However, in th¢ presBELACEDenti oh, rubber parti- cles each having a

. salam structure may be used aloné or 1n co nation wi th rubber particlegs

each having a core-shell structure. The configuration of each rubber
PRt eLe 0t he R SBIRpHRIR S RO TP GaborbEieh
' 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
5 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
io 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
average weight was 0.68 mg. As is apparent from Table

15 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

20 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-
tion time in the melt-kneading site at 130 °C was
changed to 5 minutes, to thereby obtain expanded foamed

25 beads and a foamed, molded product. The properties of

This Sheet Has. Been Replaced '

WO 94

1C

I

(A




| es of configurations of each rubber particle in the non-foaned

r-nodi fied styrene pol r a sphere, an ellipsoid, and an

ulViP 94R8H6. W t h FRyBeRiERTOHASIBEENANEd bead of the praggnipoboRt i On,
preferred that ¢gach ?ﬁép ggaber parti- cle have a core-shel

ture wherein a si | a gyrene polynmer is occluded as a
i n the rubber particle which constitutes a shell. Wth re- spect to
oaned bead of the present invention, it is also preferred that the

S grsed r ubber tpBagBole -meRRiohed Foamdd Bddds UndB0r Jarked yehghlieqar nore,

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;
5 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,
e the above-obtained foamed beads and the foamed, molded
products were relatively poor in properties.
10 Comparative Example 6
Substantially the same polymerization procedure as
used for preparing HIPS-1 in Example 1 (1) was repeated

e
except that the rubber concentration of a styrene

le
solution of rubber was changed to 8.5 % by weight, that

15 | the amounts of ethylbenzene and 1,1-bis(t-butylperoxy)-

luct
cyclohexane were, respectively, changed to 15 parts by

ory 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 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

med
prepared from the above HIPS-12 in substantially the

of '
_ 25 same manner as in Example 1. The properties of the.
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OR t he f;;f;; of the di spersed rubber phase, of flat Substi t ut

sheet wald4/4ds9$ rubber particles each having a core- sheII wher e

a single particle of ?_SL¥Lene_paL¥naL_ s occluded as a cdﬁ%ﬁﬁﬁhﬁﬁ

particle which consti{ THIS SHEET $AS8I BEENahd 20 ?/ o by weight or |ess, based o
< | a

t he wei ght of the dispersedRmub@ED phas
havi ng a sal am structorewhererm at
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the amounts of 1,1-bis(t-butylperoxy)cyclohexane and

. designated as HIPS-13. HIPS-13 had an average diameter

r ubbe

rubber particles each

obtained expanded foamed beads and foamed, molded
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

D
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| eaft two styrene polyner particles are occluded in each rubber particle.
Theje | 4¥§5 rticular limtation with respect to the weight of the foaned
bea %&ésent invention. However, it is preferred t/POT/JA94/00700r age
wel ght of the foangdrineagHErT HAS BEEW]2 to 2 ng, nore preferably fromO0.4 to
1.2}ng. Herein, the tern]quymﬂge we ght ofeyghe foamed bead" neans a val ue
obt pi ned as an average—wetght—e+—286-f oaned beads randomy selected. In

ano] her aspect of the present invention, there is provided a process for
profluci ng an expsads] fuhemadtio b/a was 18, the ratio a/c was 0.21,

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
5 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
10 preparing HIPS-2 in Example 1 (i) was repeated except
that the ratio of HIPS-1 to a polystyrene resin was
hat changed to 100:200._ The resultant rubber-modified
styrene polymerlwas designated as HIPS-14. The butadi-

.05 .
ene content of HIPS-14 was calculated from the mass

W

15 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

eter
obtained expanded foamed beads and foamed, molded

e 20 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.laﬁellar

amed : :
25 . configuration in the cross-section of the cell wall.
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bead of a rubber-nodified styrene polymer of the present i

Y

nvention, which

conpri wwe:94f2&316el t - kneadi ng a rubber-nodified styrene pol .
foani ng agent in an ept+uder to forma nolten mixture ther?gﬁbm¥%®BM?
r ibber - nodi fi ed styrenEH%bSHE&ﬂhg9@55N<lng gﬂ) a continuous styrene

pol ymer phase;
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t he conti nuous

(b) a yubbeREPhAGEY di spgrsed

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, thé 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 ;n
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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titute sheet
alltg of butadi ene polymer rubber particles ‘each having at |east one

en¥

mer phase (a) has ﬁHLJ BHEETnHA&BrEENl
nodi fi ed

r ubber -

-24 July 1996 27 styrene polymer phase (a), conprising a

parti i n, wherein the conPCHIRGNOEO0Yr ene

tyreWEPpQCEher hgs a gdl nmoiety with a swell- ing-

I ndgx of from6.5 to ¥—5—tteget 1ol ety being defined as an extraction
eS|due of the extraction of the rubber-nodified styrene polynmer with
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lally

as of

and
ducts

re

.ed
in
lvan-

.ng an

ene at

10

15

20

25

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

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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nnlety bei ng defined as a val ue (B)

100 * [err]

the gel noiety swel Ipge/joh

ei ght of the gel noiety ﬁhﬂm
2) reggining the nolten mxture

err], the swelling index of the gel
‘i ned accowgdisg@sérg t he ot -
'{) wherein [err] reprede
hene at 25 [err], and \
o] _
atg ﬂ30 [err] or higher for 15 mnutes or nore under a pressure of from50

300 [err] in the extruder to thereby inpreg-
: apparent from the above, the expanded foamed bead of

rubber-modlfled Styrene polymer of the present inven-

tion is extremely useful in fields relating to foamed
(4

.
% - molded products of expanded foamed beads.

—_—
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!;) heating the cut, inpregnated rubber-nodified styrene polyner. The

[ ubber - Mogh iog yrepe_pol yner to be used for producing an eégﬁa?ﬁg f oanmed
pbead of the pr’gssszélt h\mp—s ,a-on § prepared by a customar ‘Ummsuch
an

ps .a bul k pol yneri zat i ned nethpd of bul k polynerization
and suspensi on pol yne '7nf| *bﬁ |rrad|at|on pol ymeri zati on met hod. For
exanpl e, the bul k polynerization method can be practiced as follows: First,
‘a but adi ene pol yner rubber is dissolved in
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a styrene nononer and the resultant solution is sub- jected to

poly rization at an el evaled tenperature while stirring. Exanples of
but agi € r rubbers |1rmhg;l;;-—1a(;4 g enes (i ncl udi npoTew94/06700
pol yHut adi ene” having a ci ¢ gg 'fR,E nfent of 35 % a trans-1,4 addi-
tionfcontent of 52 % and Mn _conf#mit of 13 % and high-cis
pol ylgut adi ene having a ci s- 1 4 addition content of 90 to 98 % a trans-1,4
addi t}i on content of 1 to 4 %and a 1,2 addition content of 1 to 6 %, a
styr gne- but adi en opol yner (a random SBR and. a
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styrefye derivatives in which an alkyl group is attached as a substituent to
the b n@] %Hg eus, such as o- nethylstyrene, p-nethylstyrene,

am et fy %’  2,4- di nd et hyl met hyl st yr ereCT/fearoprod kyl -

substjtuted styrene deriv {H sﬂEﬁmEnngEﬁ rr]- methyl styrene; and styrene

derivftives in which a hal ogen REPPATEp attdcABd as a substituent to the

ben- 2ene nucl eus, such as o-Chtorosty+~eneld These styrene nononers can be
used @l one or in conbination. At |east one nononer other than a styrene
monomgr may be enpl oyed as-a conononer. Exanpl es of conononers
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A_chain transfer

ent. may. he. s or the poly- nerization reaction.
Exanp| ¢fo 94265¢ N £

Ir@ﬁﬁﬁﬁﬁf“ clude [err]-nmethylstyr nnﬂhﬁﬁﬁm

mer capt ans; such a THO ogecyEpner capt an, t-dodecyl Hﬁlbapla
1=phenyl but ene- 2- | uor & gne and choroforn1 +§w§pn s

hal i des. The reacti emperature is generaPly in the r Bepize aed
[err], preferably from90 to 155 [err]. The reaction te
constant or may be gradual - |y eIevated(EﬁéfMgthe reac
el eva- tion of reaction tenperature is to be conducted, the
1. 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 -

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
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
lamellar confiéuration 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
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 £ b/a g70 (I1)
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teperature may, for exanple, be elevated stepwise in a manner such that

thed tenperature is elevated 2 or mwetnmsatatemmmumeeﬂmmﬂonrMe
of P.wosusssjerr]/ mnute, preferably 0.4 to 1.5 [err]/mg;&-lz rde€acCt i on
Fs Fontinued until a desipes onver5|on has been achi eve er conpletion
of fhe reaction, the unrg ] edogny sol vent used are renoved by,
Subgtitute sheet - 24 July 19%@J,ﬁ £

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 measured in terms of the length of said long

axis of said cross-section of the rubber
particle, and c repreéents the thickness

(um) of said cross-section of the cell wall.

1§ 2.

10 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
said continuous styrene polymer phase (a) has an in-
trinsic viscosity of frdm 0.6 té 0.9 di/g és measured
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
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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31 for exanple, heating in vacuo to obtain a rubber- nodified styrene

pol ymerwoldygpssiyt ai ned rubber-nodi fied styrene polyner is c '

supplied to an extru = 1Rt ol ymer is heat-nelt é‘ﬂﬁg’ﬁwuded WO 94/
i-ito strands through otiBi sz BHEN | at * a die of the extruder. The

extruded strands are |i medREPIAGEDcool el in a“fat er bath, while being

recei ved between upper and |ower drive rolls, which send the cool ed pol yngr

strands to a rotgfy cUfersodiga’ BEARY atlbkBingUt® GRS RN B¥ claims 1

to 3, wherein said flat rubber particle is comprised of

at least one butadiene polymer selected from the group
consisting of a polybutadiene and a styrene—butadiene
5 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-
10 rene copdlymer having a styrene content of 50 % by 10
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
.15 polymer is occluded as a core in said rubber particle 15
which constitutés a shell. |
7.. The foamed bead accordihg'to'any one of claims 1
to 6, wherein.said dispersed rubber phase is comprised
of a mixture of 80 % by weight or more, based on the
20 .weight of said dispersed rubber phase, of flat rubber 20
- particles each having a core-shell structure ﬁherein a
- single particle of a styrene polymer is occluded as a
core in said rubber particle which constitutes a shell,

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

25 ' dispersed rubber phase{ of flat rubber particles each

—— 1T
I
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stra ds in a transverse direction at predetern1ned interval s, thereby
obt afni n mer Ear _form ng dispersed rubber partlcles havi ng a
dcore SW@%FE§ ucture

: CedHr:T APk ?N article of a styre®ECTAFAWI00i s
occl §ded as a core inf the ppbpaizparti¢le, it is preferable to use, for
examyl e, a styrene-b : | ymeB3as a rubber conpo- nent. That
I's, flor preparing a feed stock for pol ynmer- ization, first, a

; §Lyr¢ne- but adi ene bl ock copol y I s dissolved in a s&yrene nnnoner and
then| the" styreﬁ@mﬂ)r%rsq%afbbl?%PFEEHG(E’BQI'E}&@I‘: rene
'd of polymer particles are occluded in each rubber particle.
‘oup : 8. A process for producing an expanded foamed bead of

mne a rubber-modified styrene polymer of claim 1, which"
5 comprises:
Pl ' (1) melt-kneading a rubber-modified styrene
> (a) | polymer with a foaming agent in an extruder to form a
-ed f molten mixture therein, said rubber-modified styrene
Y= ; polymer comprising:
' 10 (a) a continuous styrene polymer phase;

(b) a rubber phase dispersed in said continuous

1 styrene polymer phase (a), comprising a plurality of
butadiene polymer rubber particles each having at least

-ene one styrene polymer particle occludedltherein, wherein

‘le 15 said continuous styrene polymer phase (a) has an in-
trinsic viscosity of from 0.6 to 6.9 dl/g as measured

Pl ; in toluene at 30 °C, and said_rubber—modified styfene

-sed _ polymer has a gel moiety with a swelling index of from

\@ 6.5 to 13.5, said gel moiety being defined as an ex-

er 20 traction residue of the extraction of said rubber-

-na modified styrene polymer with toluene at 25 °C, said

P a swelling index of the gel moiety being defined as a

ell, value (B) obtained according to the formula III:

said B =100 « (W, - Wy)/W, | (III)

ich 25 wherein Wi represents the weight of the gel

This Sheet Has Been Re
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styrene

but adi ene polyie
Substitute sheet
styrene pol yner,

10

15

gstyrene-but adi ene bl ock copolyner I's dissolvwed in the styrene nononer, the

Iocks ‘ ymer bind together, whereas the
bl ockp THiheHEE EAS BEEN | nce the conti nuousPCT/JP94/00700

- 24/7]98 3ﬁtphhsﬁ)be|n formed by polynerization is of a

the styrene polyner tiotks b84nd together are

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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Ied into the continuous pol ystyrene phase, while a portion of the

bne nononer enters into the butadi - ene pol yner bl ocks bound toget her,
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ciently forming di LSE r particles having a core=sheH
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or jexanple, a nethod in V\hichrh}slg ffini- tIy '
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Aely adjusted; a_nethod in which the rate and time of stirring the

fFormation of dis

stem duri 1gHgg)ng=1T MAgtREEN lare appropriately adjusted; and a
16h unif f e reaction systemi rcwqmwmd That
4 cl es having a core-shell structure

be achi eved by appropriately choosing reaction conditions for producing

modi fi ed styrene pol yner. WA respect to the d%@s}&e&kﬂﬁ}a&ﬂﬁﬁﬁe

bpri ate conditions, reference can be nade to, for examHﬂtI mlmm'
0

hese Patent Application Laid-Open Specificati-on No. 6

FIG.3 (a)

FIG.3 (b)




On the other hand, for form ng di spersed rubber Substitute sheet - 24
JUIy 1996 particles having a salam structure wherein at |least two styrene
pol ymer particles are occluded in each rubber particle, it is preferable
to use a polybutadi- ene as a rubber conponent. That is, for preparing a
feed stock solution for polynerization, first, a poly- butadiene is

di ssolved in a styrene nononer and ABSTRACT

EXPANDED FOAMED BEAD OF A RUBBER-MODIFIED
STYRENE POLYMER

Disclosed is an expanded foamed bead for a rubber-modified styrene
polymer, comprising a plurality of closed cells defined by cell walls which
constitute a matrix for the bead, wherein each of the cell walls comprises two
surfaces separated 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), wherein the rubber
phase comprises 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 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 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, and wherein the cell wall and each flat rubber particle satisfies
specific dimensional relationships. The expanded foamed bead of the present
invention is not only excellent in its ability to retain a foaming agent gas within
the closed cells, but also can advantageously be employed for producing, for
example, packaging materials and cushioning materials or packings, as ultimate
foamed, molded products, having excelle:nt mechanical properties.

(Figure 1)



yneri zed (see Exanple 2). In this case, since

| ybut adi ene in the continuous phase of the

put adi ene forns particles while a portion of the
styrene m»nerErJlﬁ_nt’ﬁf;s o pol ybut adi gne paSubstitisteisiasy -f dely 1986t hat a
pl ur.alitly of styrene polyfrer particl esare occluded ip_each butadiene
rubber gartT="TreTAS anh alternative nethod for productig @.rubhes N

modi fied styrene polymer, |a sppih ngd ik hefvehmiehk P |er'erPIn?E1}:l~éﬁ’l an
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sugpensi on pol ymeri zation 'can arso
N ; Expanded foamed bead of a rubber-modified styrene
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polymer
BACKGROUND OF THE INVENTION

The present invention relates to an improved
exéanded foamed bead of a rubber-modified styrene
polymer. More particulatly} the present invention is
concerned with an expanded foamed bead of a rubber-
modified styrene polymer, comprising a pluraiity of
closed cells defined by cell walls which cdnstitute a
mafrix for the bead. Each of the cell walls comprises
two surfaces separated by a distance equal to the
thickness of the cell wall. The matrix comprises: (aj
a continuous styrehe polymer phase; (b) a rubber phase
dispersed in said continuous styrene polymer phase (a),
wherein the rubber phase comprises a plurality of
substantially flat, butadiene polymer rubber particles
each having at least one styrene polymer particle
occluded therein; wherein the f£lat rubber particles are
arranged in a specific lamellar configuration along the
thickness of the cell wall. The expéndéd 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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be utilized. I|njKEfIACKBEE SHEBLY k pol ynerization is conducted in the
early stage, anfl FSUSPENSTON poljynmer- ization is conducted in the later
‘stage. That is,|a btgt-pguﬁr}g-;;{pol yner is dissolved in a styrene nononer to
obtain a solution}for yneri zjatli on. Usi ng t®ulsstitataisheet, - 2Arduly 19960 40
%-by wei ght of {hé~sty+enre—rerenygr arezpolynerized wi th the butadiene
polymer in the game manner as in fthe above-nentioned bul k pol yner -

advantageously 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 various 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 anﬂ cush-
ioning materials or packings. However, foamed, molded
products produced from conventional expanded foamed
beads of a styrene polymer are insufficient in fesist-
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 éushioning material in packaging an arti-
cle having a relatively large weight and the packaged:
article is transported, there is a danger that when the
packaged article sustains a jolt or impact during the
transportation, the cushioning materiél Quffers cfack-
ing. When the packaged article further repeatedly
susta2ins an impact after the cracking of the cushioning

material, it is likelylthat-the article is damaged;



AT STt
Substitute sheejh« “2% é%ﬁé%iﬁgﬁtion, to thereby obtain a mxture of a
partially polyngriized styrene ﬁalyner and the renai ning styrene nononer.
The obtai ned mi xit Ur e2i7s)igk 1¥%%ed jand di spersed in an aqueous nediumin the
presence of a susspensi on stabilijzgr and a sustbstitute,sheet - 2ddJebyudBBBy a
suspen- sion polynerrzation 15 al ljowed3to proceed in the |later stage. After
corfpl etion of thg _suspension polyheriza- tion, the resultant

-rubber-nodified styrene polyner is washed and dried. If desired, the
obtqi ned pThemeracdking of a cushioning material can be prevented

by increasing the thickness of the cushioning material.
Ho&ever, whep the thickness of a cushioning material to
be used in packaging an article is increased, the
volume of the resultant package becomes inevitably
disadvantageously increased, so that the efficienéy 6f
the transportation is lowered. _

In order to sﬁlve the above problems, it has been
proposed to produce an 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
Specificatioh No. 56-67344 discloses an expanded foamed
bead of a styrene polymer having non-oriented rubber
particles dispersed therein. 1In the above Japanese
Patent document, a foamed, molded product produced from
the expanded foamed beads of a rubber-modified styrene
polymer discloséd therein is described to have an
impfoved 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. Therefore, during the.expansion of

the rubber-modified styrene polymer, the rubber ‘parti-
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bn, aW expandabl e, foamabl e pol yner

an expanded foaned bead ¢f a rubber- nodified styrene pol yner of

i nventi-op—and-ar—-d-t+mat e f oaned,. nol ded product can be

obt @i ned as cfled ase 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 unsatisfactory.

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 made
from a styrene polymer obtained by polymerizing a
solution of a styrene-soluble rubber in styrene.
However, foamed, molded products préduced 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 physical properties' of the



The above- obtalned ru@“"%q@ﬁbBﬂLEH styrene polyner is inpregnated with a
f oami ng agent. Fqr fnpfegnatTﬁU“a ubber-nodi fied styrene polynmer with a
f oam ng agent ang ﬁnlgvn @g;re uttant inpregnated polyner with in situ
f oam ng and expar|siion, & an|bé advant agSubstitute sHaetst24 Juby 1966t
July 1996 35 used

vy,

usi oB/ i mpr egnati on met hod.

foamed, molded product, such as coméressive strength,

tensile strength and elongation, and the structure of

- cells in the foamed, molded product. These various

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 produéing the foamed,
molded product.

Unexamined Japanese Patent Application Laid-Open
Specification No. 3-182529 discloses an expanded foamed
bead of a resin prepared by meéhanically blending a
high impact polystyrene and a hydrogenated styrene-
butadiene block copolymer. However, when a rubber
component is mechanically blended with a resin, the
dispersion of the rubber component in the resin is
likely 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 aégregated 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 ié'especially

24



Ln the extrusi'gﬁfpﬁp A f hod, the rubber- nodified styrene pol yner
I's heat-nelted ??géhﬁggiﬁﬂhgggﬂﬁk the resultant nolten styrene polyner, a

vol atil e foam g;a%fgt iamégtdeUCed under pressure through a feeding Iine
which is connedt ¢d 4 6Jhe¥&t rider . The rubbeSubmitute sldeett-y24nulpdi98ter s
nmel t - kneaded wijt b_t he foam ng hgent in8 he extruder. Then, the resultant
nol-ten m xturelis retained in the extruder for 15 m nutes or nore,

ferably . . b | h i i
Oxtruded | R TENGIRnEDBGRaRr PEode M ainded togfed) BbaE" 1 ©

in which thé thickness of the cell walls is small, so

that the expanding capability of the eikpanded foamed
bead is lowered. When an expanded foamed bead ha#ing a
low expanding capability is subjected to molding under
foahing, the resultant foamed, molded product inevita-
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 appearance.
SUMMARY OF THE INVENTION
In the above situations,'the present inventors
have made extensive and intensive studies with a view
toward developing an expanded foamed bead of a rubber-
modified styrene polymer, which'is free from the
above-mentioned prdblems 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 wheh the rubber parﬁicles
dispersed in the matrix are a:ranged'in a lamellar
configuration along the thickness of the cell wﬁll and
the dimensions of each rubber particle and the thick-

ness of the cell wall satisfy specific relationships,



extruder. The ext riudé éﬂﬁ%géﬁngnnedlately cooled in a water bath,

whi | e bei ng received bet ween uppe nd | ower drive rolls, which send the
cool ed pol yner straﬁdszvqng_mﬁbar) utter. The rotary cutter cuts the

pol ymer strands in & transverse dilrgction at Bubgetutesheet-iax gm«,ahgga

t rer eby obt ai ni ng |potymer—beads—Al ferna- tively, the nolten mxture can be
extruded into watgr, and the extrudate can be cut in the water i medi ately

upon extrusi.on. This method is preferred because the pieces obtained by
cutting can Hkei eyppodede fopmed bgiad 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 also has an excellent appearance. Thus,
the foamed, molded product can advantageously be em-
ployed as, for example, packaging materials and cush-
ioning materials or packings. Based on these novel
findings, the present invention has been completed.

It is, accordingly, an object of the present
invention to provide an expanded focamed bead of a
rubber-modified styrene polymer, which has a high ratio
of closed cells even at a high degree of expansion and
is excellent 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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'Bﬁ%ﬁfkﬁﬁfﬁa expansi on of the rubber-nodified

st yrene pol yner. tegmeen"the vrse1 Substitute sheet - 24/7/98 36
c

| asticity of the
of the dispersed |{rub

t he rubber

5@? «gtyr=n3 pol yner phase and the viscoelasticity
vﬁura s@Yso|t hat the spauibktituteisteetsizh oty pBSBogy of
partidl es_(wherein thé fubbeB particles are dispersed

"advantages will be apparent to those skilled in the a

from the following detailed description and claims

taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 shows an enlarged diagrammatic view of
cross-sections of the cell 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
rubber particles dispersed in a continuous styrene
polymer phase in the cell wall in the foamed bead of
the present invention; |

Fig;.z(a) shows an enlarged diagrammatic view of
the foamed bead of the present invention with a portit
thereof cut away to show a cross-section of the foamec
bead;

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

Fig. 3(a) shows a diagrammatic view.illustrating
the manner of protecting an article with a set of fow
packings (ultimate foamed, molded products) produced
from the expanded foamed beads of the present invehtic

for packaging the article in a container (the article



MAEN W
In substantlally fla jfﬁﬁﬁﬁﬁe obtained, it i§ f - Lu fetain the
noiten m xture of t he rubber- nodiifi ed styrene pol ;gi gﬁgé ng
agent in the extudeR AyUL3Bg erlr]] or higher for 1% min %Dé-ASEDnDre
preferably for 2P minutes or norle junder a preggpsfudé sheet 24 Jay3Pdaserr],
preferably from L0&-to~200kgrcneG Th& reason for this has not yet been
el uti dat ed, but presunablv resides in that both the rubber conmponent and

t he styrene. pol are suff C|entl a d i form t th th
f oapi ng agdHto% Eﬁﬂrﬂﬂ?l BPE"?QBFlaéf‘l nct *ﬁ%ﬁyl%nﬁ%eﬁgﬁ?eg " ©

jected to drop testing);

Fig. 3(b) shows a diagramﬁatic 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 egqual to thé thickness of the
cell wall,

the matrix comprising:

(a) a continuous styrene polymer phase;

(b) a rubber phasé 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
occluded 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 wviewed

Sheet Has Been Reﬂlaced
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Wen the pressure i s hfghehlt%@ﬁﬁ 00 [err], it |snneee§sary,, t-fgr ease t he
strength of the extruder wi-ttrrespect to the pr ssurézéﬁ} % oaRkfN | so t hat
the cost for thet extg#?e@ bgﬁ, igh. On the er_REFAC Bhen t he
pressure is |lowef th en2G | the rate ghbstewtesheesi ad Jalyore®eased,
leading to a | owgriing of the produptivikG. The retention tinme of the nolten
m xture of a rubfer-nodified styrepe polymer and a foam ng agent under the

above-nmenti.oned can be
in a cross-section of the cell wall, taken along the

19 UJ

-

thickness of the cell wall, is substantially parallel
to the two surfaces of the cell wall, and wherein the
cell wall and each flat rubber particle satisfy the:
formulae I and II:
0.01 g a/c g 0.2 (1), and
10 g b/a g70 (I1) |
wherein a represents the thickness (um) of

the rubber particle as measured in terms of

the iength of the short axis.of the cross-

section of the rubber ﬁarticle; 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

particle, and c represents the thickness

(um) of the cross-~section of the cell 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
cross-sections of the cell wall of-the expanded foamed
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 sﬁbstantially

flat rubber particles dispersed in a continuous styren

This Sheet Has Been Reﬂlaced
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polymer phase in the cell wall in the foamed bead of
the present invention. 1In Fig. 1,.numéral 1l 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); characters a and b designate
the lengths of the short and long axes of the cross-
section of rubber particle (b), respectively; and
character c designates the thickness of the cross-
section of cell wall 1.

Fig. 2(a) shows an enlarged diagrammatic view of
the foamed bead of a rubber-modified styrene polymer C
of the present invention with a portion thereof cut
away to show a cross-section of the foamed bead. 1In
Fig. 2(2a), numeral 6 designates the foamed bead of the
present invention and numeral 7 designates a closed
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. é(a)q . In Fig. 2(b),
numeral 7 designates a closed cell iﬁ-the foamed bead
and numeral 1 designates a cell wall.

The expanded foamed bead 6 of the pfeseht inven-~

tion comprises a plurality of closed cells 7 defined by



produci ng foamed :.'Effgéﬁg ;_Hﬁﬁﬂﬁt@ ent |nvent|on cpmoaj EEI?N ed by a
so-cal | ed susperisijon/i npr egnat 1 én}nmet hod. I n thils J?Ea
rubber-nodifiedis !yrgqqﬂﬂpﬁ%mpr ate dispersed in |n the

presence of a sysgension stabilizér and a sur$ab§uumm§h¢@ulQ4aguya1g@@ A
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each of the cell walls 1 comprising two surfaces 2
(only one surface is shown in Fig. 1) seﬁarated by a
distance equal to the thickness c of the cell wall 1.

The matrix comprises:

(a) a continuoué styrene polymer phase 3;

(b) a rubber phase dispersed in the continuous
styrene polymer phase (a) 3, comprising a plurality'o
substantially flat, butadiene polymer rubber particle
4 each having at least one styrene polymer particle 5
occluded therein.

In general, ﬁhen a rubber-modified styrene polym
is jolted or impacted, it exhibits a resistance to
cracking. The cracking resistance of a rubber-modifi
styrene polymer is due to the p;esénce of a rubber
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 polymer phase.
Therefore, also with respect to a foamed, molded
product produced from a foamed bead of a rubber-modi-
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 tb the presenc
of the rubber particles in the cell walls as the matr

of . the foamed bead, the rubber particles serving to
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i ncl ude qllﬁﬁ%jwmé%%ﬂr(c rbons such as propane, butane,
hexane, Heptane and petr ¢l géher;Sabé@unéGhebydambaﬂb0ﬂ996$UCh
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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 ﬁarticles, the molecular orientation of the
rubber,particles, and the moleéular orientation of the
styrene polymer are completely different from those iﬁ
the non-foamed, ruﬁber—modified stjrene 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 of the rubber phase suitable for improving a
cracking resistance.

With respect to a foamed bead of a rubber-modified
styrene polymer, the present iﬁventors have for the
first time found that when the rubber particles.dis-
persed in the continuous styrene polymer phase are
artanged in a specific lamellar configufatiqn along the
thickness of the cell wall and the dimensions of each
rubber particle and the thickness of the cell wall
satisfy specific relationships, the'fo&med bead has a
high ratio of closed cells even at a high degree of
expansion or foaming and is excellent in the retention

of a foaming agent gas, and a molded product produced
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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
are oriented so that the long axis of a cross-section"
of each flat rubber particle 4, as viewed in a cross-
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 ]
and each flat rubber particle 4 satiéfy the formulae ]
and II:

0.01 g a/c g 0.2 (I), and
10 ¢ b/a g 70 (II)

wherein a represents the thickness (um) of.the

rubber particle as measured in terms of the lengt

of the short axis of the cross-section 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

the rubber particle, and c represents the thick-

ness (um) of ﬁﬁe cross-section of the cell wall.

In the present invention, the aspect ratio b/a
[L.e., the ratio of the diameter (um) of the rubber

particle, as measured in terms of the length of the
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to the thickness (um) of the rubber particle as meas-

ured in terms of the length of thg short axis of the
cross-section of the rubber particle], which represents
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 iqvention, the
ratio b/a is in the range from-lo to '70. The ratio b/a
is preferably in the range from 10 to 40. When the
ratio b/a islless 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 felativg_;o the size of the surface
of the rubber p&rficle, resulting in a lowering of the
ability of the rubber partiéles to suppress the spread
of a crack through the styrene polfﬁer phase, so that
the cracking resistance of an ultimate foamed, molded
product is lowered.

In the present invention, the ratio a/c [i.e., the
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"ratio of-the thickness (um) of the rubber particle, 5
measured in terms of the length of the short axis of
the c;oss—section of the rubber particle, to the thic
ness (nm) of the cross-section of the cell wall] is a
value obtained as an average of the values of ratio a
between the_croéé-section of the cell wall and each o
the 20 rubber partiéles randomly selected in the
cross-section of the cell wall.

As mentioned above, in the present invention, th
rgtio a/c is in the range from 0.01 to 0.2. The rati
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’
ty of the rubber particles to suppress the spread of :
crack through 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
exposed on the surfaces of the cell walls, so that th
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 pm, mc

preferably from 0.3 to 5 um.
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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 flat rubber particles are not oriented
in the above-described manner, the 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 an expanded foamed bead is cut away
to expose a cross-section thereof; the foamed bead
having a cross-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 N
with distilled water; the foamed bead is. embedded in an
epoxy resin which can be cured at room temperature; an
qltrathin slice is cut out from the cross-section of
‘the embedded foamed bead, using an ulframicrotome: and

an electron photomicrograph of the ultrathin slice is
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of 0.01 g. Separately, from50 to 300 cnB of water is poured into a 200 cnB

ol ass measurd [ ¥V LRGEnDAYL 068 1, "bTURI AR 20 Mlda Y TehET 1] A

electron photomicrograph.

The configuration of a flat ;ubber particle as
viewed in a direction perpendicular to the surfaces ¢
the cell wall is not specifically limited and can be
varied, for example, a circular, elliptic or polygon:
configuration.

There is no particular limitation with respect |
the configuration of the foamed bead of the present
invention. Exémplés of morphologies of the foamed be
include a sphere, a cylinder, and an ellipsoid. o

In the present invéntion, it is preferred that 1
foamed bead have an apparent density of from 0.014 <t
0.100 g/cm3. It is more preferred that the apparent
density be from 0.014 to 0.07-g/cm3. When the appart
density is less than 0.014 g/cm3, the ratio of close
cells of the foamed bead is low, and also the strengt -
of an ultimate foamed, molded product is low. On the
other hand, when the apparent density is larger than
0.100 g/cm3, the amount of the rubber-modified styre:
polymer used is disadvantageously increased, so that
the cost is increased.

In the foamed bead of the present invention, tht
fact that the flat rubber particles are arranged in

specific lamellar configuration along the thickness !
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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 tﬁe 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
pafticles are appropriately oriented in conformity with
the stretching of the continuous styrene polymer phase.
The specific lamellar configuration of the arrangement
of the flat rubber particles can be attained by appro-
priately selecting a relationship between the viscoe-
lasticity of the continuous styrene polymer phase and
that of the rubber phase. The viscoelasticity of a.
rubber is varied depending on the cross-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 polyme: 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 toluéne.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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represents the tjotal wei ght of the foa beads, [err]
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t he,

i s obtai nddiaccord-

ing t he followng formula: P = [err

with toluene at 25 °C, the swelling index of the gel
moiety.being defined as a value (B) obtained accordim
to the formula III:
B = 100 « (W; - Wy)/W, (I11)
wherein W; represents the weight of the gel
moiety swelled with toluene at 25 °C, and Wy
represents the weight of the gel moiety
obtained by drying the swelled gel moiety.
The "ihtrinsic viscosity"” mentioned herein heans a
viecosity obtained by extrapolating a curve based on
the reduced viscosity against the concentration to
infinite dilution. The "gel moiety" mentioned herein
corresponde to the rubber phase.

When the intrinsic viscosity of the continuous
styrene polymer phase is less than 0.6, the ﬁolecular
ﬁeight of the continuous styrene polymer phase is too.
low, so that the flowability of the continuous styrem
polymer phase becomes large and the strength of the
continuous styrene polymer phase is lowered. When th
intrinsic viscosity 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.

This Sheet Has Been Re[ilaced

1. The appaisypgfitutdedhvey 24 thﬁmggceil P

represents t he wat er
and H2 represents



water |evel aftler tk s are conpletely subnmerged in the water.
(2) Bulk density of~a-foaned, rolided product: A bulk density of a foaned,
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f pamed, nol ded produst—sampte—larld V r@dresents the volume of the foaned,
nolded product panpl e.

When the swelling index of the gel moiety is less
than 6.5, the cross-linking degree of the gel moiety is
too high, so tﬁat the thickness of each rubber particle
is less likely to becoﬁe appfbpriately small in thick-
ness in the course of the formation of a foémed bead.
On the other hand, when the swélling 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 crbss-linking of the
rubber phase occurs during the production of the rub-
ber-modified styrene polymer. Illustratively stated,
after a solution of a rubber in a styrene monomer is
. polymerized, the resultant reaction mixture is intro-
duced to a volatilization apparatus which is heated (at
150 °C or more) in vacuo, to thereby remove the uﬁre-
acted styrene, thus obtaining a rubber-modified styrene
polymer. In this operation for removing Fhe unreacted
styrene, the rubber phase undergoes cross-linking by
heat.

In the foamed bead of the preéent invention, it is
preferred that the flat rubber particle be comprised of.

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

It is also preferred that the continuous styreng
polymer phase (a) be comprised of at least one styrer
polymer selected from the group 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 bﬁtadiene
polymer rubber particles are dispersed in a styrene
polymer. In general, dispersion of butadiene polyme:
rubber particles in a styrene polymer_can be attainec
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 wﬁich a butadiene polyme:
rubber is mechanically blended with a styrene polymes
In the present invention, the dispersing method (1)
above (non-mechanical dispersion) can be suitably
employed since rubber particles can be evenly dis-
persed. 1In the present invention, it is not preferrs

to use the dispersing method (2) (mechanical disper-

sion) since when a rubber component is mechanically
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ans of a measuring tool as described in

-al 50 described in JI'S K6767. The vol ume of

t he foaned, nnlckxiéﬁ- qsanpl i s obtained by calculating a product of
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About 24 [err] ﬁneasuLedwh¥ subner gi B§ f oaned beads in water in the
manher describéd in item (1) abopve] of foamed beads (whose apparent density

: i ment with respect to a
|s.knowm) I%f%p rsed, problems occur such tha% 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 achievedf

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,
pr'(Z) a structure wherein at least two styrene polymer
particles are occluded in the rubber particle (the so-
called "salami" structure). In rubber-modified styrene
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. 1In this case, it is
more preferred that each (core-shell‘structure) rﬁbber
particle have a diameter of from 0,1 to 1 pm, more
preferably from 0.1 to 0.5 um. In the rubber-modified

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 a mixture 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 struciure wherein a single particle'of a
styrene polymer is occluded as a core in the rubber
particle which constitutes a shell, and 20 % by wei
or less, based on the.weight of the dispersed rubbe
phase, of rubber particles each having a salami stn
ture wherein at least two styrene polymer particles.
occluded in each rubber particle. In this case, it
more preferred that each rubber particle having a
‘core-shell structure have a diametef of from 0.1 to
l um, more preferably'from 0.1 to 0.5 pum.

With respect to the rubber-modified styrene po.
mer to be used in the present invention, when a rubl
particle has a core-shell structure and has a diame!l
of 1 um or less, even dispersion of flat rubber par!
cles in the cell walls of a foamed bead can be ob-
tained. Especially in the case of the production o
highly expanded foamed bead, in which the thickness
a cell wall is small, rubber particiés each having t
diameter as small as 1 um or less are suitable for
facilitating even dispersion of flat rubber particlt

in the cell walls of a foamed bead. On'the other hi
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ensity o i x. Evaluation is made according to
with respect to rubber particles each having a salami

structure wherein at least two styrene polymer parti-
cles are occluded in each rubber particle, fhe particle
diameter thereof tends to be more than 1 um, so that it
is somewhat difficult to obtain an even dispersion df
flat rubber particles in the cell walls of a foamed
bead. However,.in the présent 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 irregular shape.

. With respect to the foamed bead of the present
invention, it is preferred that each flat rubber paﬁti-'
cle héve 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. ﬁith re-
spect to the foamed bead of the present invention, it
is also preferred that the disperéed rubber phase be

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

on the weight of the dispersed rubber phase, of' flat

iéﬁﬁij’ WP) (% wherein [err] represents a sum
f oaned bead and the total inner volune

afed bead, the Substitutensheetol 2ddubf 1996
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bber particles each having a core-shell structure

; wherein a single particle of a styrene ‘polymer is
occluded as a core in the rubber particle which const
tutes a shell, and 20 ¥ by weight or less, based on t
weight of the dispersed rubber phase, of flat rubber
particles each having a salami structure wherein at
least two styrene polymer particies are occluded in
each rubber particle.

There is no particular limitation with respect t
the weight of the foamed bead of the present inventic
However, it is preferred that the average weight of t
foamed bead be from 0.2 to 2 mg, moré preferably fron
0.4 to 1.2 mg. Herein, the term "average weight of t
foamed bead" means a value obtained as an average
weight of 200 foamed beads randomly selected.

In another aspect of thé present invention, thezx
is provided a process for producing an expanded foame
bead of a rubber-modified styrene polymer of the
present invention, which comprises:

(1) melt-kneading a rubbér-modified styrene
polymer with a foaming agent in an extruder to form 2
molten mixture therein, the rubber-modified styrene
polymer comprising:

(a) a continuous styrene polymer phase;

(b) a rubber phase dispersed in the continuous
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'styréne 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 ﬁoiety 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)/Wy . (1II)

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,

(2j retaining the moltenlmixture at 130 °C or
higher for 15 minutes or more under a pressure of from
50 to 300 kg/cm?G in the extruder to thereby impreg-
nate the rubber-modified styrene polymer with the
foaming agent, |

(3) extruding the resultant molten, impregnated

rubber-modified styrene polymer into water, followed by

is Sheet Has Been Re; laced
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styrene polymer.

heating the cut,

represents the dikifeSkar (W=
a rubber particlfe is Rgp{éﬁg(:
fined as [err] erei
r] -is a mnorsybistitBieshadt L Dg R igdes:
used herein nmeans the maxi mum of di stances
ri pheryggof the non- circular shape,

accuracy
in

posite pojnts are pgosi- tioned on opposite sides of a
axis of the non-circular shape (which is defined as a central
. cutting of the extruded polymer, and

impregnated rubber-modifj

The rubber-modified styrene polymer to be used

producing an expanded foamed bead of the present im

tion can be prepéred by a customary method, such as

bulk polymerization method, a combined method of bu]

polymerization and suspension polymerization, or an

irradiation polymerization method.

For example, the bulk po;ymeriiation method can

be practiced as follows:

First, a butadiene polymer rubber is dissolved

a styrene monomer and the resultant solution is sub-

‘jected to polymerizaﬁion at an elevated temperature

while stirring.

Examples of butadiene polymer rubbers include

polybutadienes (iﬁcluding low-cis polybutadiene havi

a cis-1,4 addition content of 35 &%, a trans-1,4 addi

tion content of 52 % and a 1,2 addition content of

13 %; and high-cis polybutadiene having a cis-1,4

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 2
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extending alo g=th&Lﬁ§#§fﬂsé¢E? e non-circul ar shape), and the term nol ogy
"maj or dianetegr" used herein ns the maxi num of distances between
opposi te poi nts jon2t/héJip&9phery of the non-circul ar shape, wherein the

oppo- site po%ntfs are positiofed on opposite g,degtrb s@,'egporzt& 3%iyS1 986t he

=

non-ci rcul ar shapé (Wil ch TS5 defi ned as Fgcentral line extending'in a
direction perpendicular to the gbove-mentioned |ongitudinal axis). (5)
Intrinsic viscosity (dl/g) of the continuous

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-methylstyrene, 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.methacrylate, 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 solven;s can be used alone or in
combination. | ,

The polymerization reaction can be effected simply
by heating'at a temperature of from 100 to 180 °C

without using a polymerization initiator. However, for
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obtaining a polymer'havihg a high quality, a polymerj
zation initiator may preferably be employed. Examply
of initiators include peroxyketals, such as 1,1-bis(t
butylperoxy)cfclohexane; dialkyl peroxides, such as
di-t-butyl peroxide; diaryl peroxides, such as benzoy
peroxide; peroxydicarbonates;. peroxyesters; ketone
peroxides; and hydro peroxides.

A chain transfer agent may be psed for the poly-
merization reaction. Exémples of chain transfer ager
include c-methylstyrene dimer; mercaptans, such as n.
dodecyl mercaptan, t-dodecyl mercaptan, l-phenylbutes
2-fluorene, dipentene and chloroform; terpenes; and
halides.

The reaction temperature is generally in the ras
from 50 to 170 °C, preferablf from 90 to 155 °C. Th
reaction temperature may be constant or may be gradu
ly elevated during the reaction. When a gradual ele
tion of reaction temperature is to be conducted, the
temperature may, Eo; example, be elevated stepwise.ﬁ
manner such that the temperature is elevated 2 or mo
times at a temperature elevation rate o0f: 0.2 to
2 °C/minute, preferably 0.4 to 1.5 °C/minute. The
reaction is continued until a desired conversion has
been achieved. After completion of the reaction, th

unreacted monomer and any solvent used are removed b

TR
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Met hanol is agflded tiofMENToSHBETEd Supernatant to pre- cipitate the

conti nuous res$in phase nt. Then, the obtained precipitate is dried.

0.1 g of the 1hysqutgin?? prieci pitate is dis- solved in toluene to thereby

obtain a 0.5 ¢/dl sorJ = %n. 0 m of _the tBibsihuee skeetsoRdtJuin 1996

applied to a Cahnen-F Lisclonet er @ﬁanufactured and sold by Canon,

Ine., Japan),{and a period of tlime [err] necessary for all of the solution

t o downwar TTow ort— ir Ml o s SERAT _by using the
E#e‘%"er?"%’“%ké?r oﬁeo ngq %Ecﬁg ke o]bé:a)ﬁ\ RAT ALShd

sane Vi sco [err] "necessar
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
tﬁrough orifices provided at a die of the extruder.
The extruded strands are immediately éooled in a water
bath, while being ¥eceived between uéper and lower
drive iolls, 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 ruﬁber particles having a
core-shell structure wherein a single particle of a
styrene polymer is occluded as a core in the rubber
particle, iﬁ is preferable to use, for example, a
styrene-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
monomer is polymerized (see Example 1). When the
styrene-butadiene block copolymer is dissolved in the
styrene monomer, the styrene polymer blocks of the
block copolymer bind together, whereas the butadiene

polymer blocks bind together. Since the continuous



j:O.I'. 10 ml pure t ol M&A‘C}ikﬂ—ﬂ%}iﬂ&dﬁﬁ i] fl ow Outl [ 30 [err]

The reduced vi scogi tly, Eerr of the{0.5 g/dl, ifs’ al%’&[’at‘@dmp ding to
the foll ow ng forrula:2 allil] BRher ei h C represents tH&KEyEDBNe pol ymer
concentration Esutstitute sheet |- 124 July IS\fstithte sheet= 1996
: 32 .

‘'phase being formed by polymerization is of a styrene
polymer, the styremne polymer blocks bound together ay
unified into the continuous polystyrene phase, while
portion of the styrene monomer enters into the butadj
ene polymer blocks bound together, so that the butadj
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
rubber particles having a core-shell structure, there
can be used, for example, a method in which the affin
ty of the butadiene.polymer.to the styrene'polfmer 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 which ﬁhe rate and tin
of stirring the reaction system during polymerizatiqn
aré 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 Applicati
Laid-Open Specification No. 60-130613.

On the other hand, for forming dispersed rubber
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(g/dl) of the sd 1LY QT § ‘?¥¥§q 1.0 g/dl toluene solution and a 1.5 g/dl
t ol uene sol ution,” each: . Jf",é above-ob- tained precipitate dissolved
therein, are preparegg_VWth resEect to these two sol utions, reduced

| %

viscosi- ties arje obfdi-HEd15% the|sane mannerSutstiters sheeatd 2bouly 1996
intrinsic viscoditiy [[err]] is ¢bfai ned3By extrapolating a plot of [err]
against Cto inflinite dilution (Cj= 0). (6) Swelling index of the gel
moi ety of the fcared-bead: . )
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 monomet 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 éolymer, the
polybutadiene forms particles while a portion of the
styrene monomer enters into polybutadiene particles
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. In 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 monomér to
obtain a solution for polymerization: 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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N o in 30 m of toluéere gt 25 [eifth for 24
ﬁ;iﬁﬁgtooMaH1amLu”e¥m&$Mame m xture
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supernatant is jrenmoved by decantdtion t34obtain a residue. Thirty ml of
totuene is addeld to the obtalnedjresi due and then shaken at 25 [err] for 1
hour. The r.esul ] | [err] and

Ibj ected to centrifugation ,at, 5
18, 000 rpn1P&PFB?ﬂnut?cF%?Eﬁé%y°§t$%Pa?eméﬁE“EFxPGr PATEi20ber nat ant

and a polymerized styrene polymer and the remaining styren

e

0.5 g of foamed7bhe
hours and t hen i{shakg

monomer. The obtained mixture is stirred and dispey
in an agueous medium in the presence of a suspension
stabilizer and a surfactant, and subsequently a susp
sion polymerization is allowed to proceed in the laty
stage. After completion of the sﬁspension polymeriz
tion, the resultant rubber-modified styrene polymer ,
washed and dried. If desired, the obtained polymer ;
be formed into pellets or a powder.

Additives can be added ta the rubber-modified
styrene polymer, such as a dye, a pigment, a lubrica
a filier, a releasing agent, a plasticizer, an anti~.
static agent, a foam-nucleating agent and a stabiliz
to ultraviolet rays, as well known in ﬁhe art.

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

The above-obtained rubber-modified styrene poly
is impregnated .with a foaming agent.' For impregnatil
a rubber-modified styrene polymer with a foaming age
and molding the resultant impregnated polymer with i

situ foaming and expansion, there can be advantageou
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"used a so-called extruéion/impregnation method.

In the extrusion/impregnation method, the rubber-
modified styrene polymer i# 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 fesultant
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 strands are immediately cooled in a
water bath, while being received bétweeh upper and lower
drive rolls, which send the cooled polymer strands to a
rotary cutter. The rotary cutter cuts thé polymer |
strands in a transverse direction at predetermined
intervals, thereby obtaining polymer beads. Alterna-
tively, the molten mixture can be extruded into water,:
and the extrudate can be cut in the water immediately
upon extrusion. This method is preférred because the
pieces obtained by cutting can easily become spherical.

For achieving a good balance in the expansion of |

the rubber-modified styrene polymer between the viscoe-
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the viscoelasticity of the dispersed rubber phase so
that the specific dispersion morphology of the rubbe
particles (whérein the rubber pﬁrticles are dispersge
in substantially flat forms) can be obtained, it is
effective to retain the molten mixture of the rubber.
modified styrene polymer and the foaming agent in th
extruder at 130 fc or higher for 15 minutes or more,
preferably fo; 20 minutes or more under a pressure c
from 50 to 300 kg/cmZG, preferably from 100 to
200 kg/cm?G. The reason for this has not yet been
elﬁcidated, but presumably resides in that both the
rubber component and the styrene polymer are suffi-
ciently and unifofmly impregnated with the foaming
agent to appropriately plasticize the rubber compone

When the pressure is higher than 300 kg/cmZG, 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 other hénd. when the pressure is lower ti
50 kg/cmZG, the rate of the extrusion ;s,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 €an be
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ptaced therein iis weighed with an accurdty on the order of 0.01 g and then
put into a vacu atus which is controlled at 180 [err] to

R o

and a die thereof and appropriately adjusting the

length of the conduit. Alternatiyely, 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. 1In this method, beads of the rubber-modified
styrene polymer are dispefsed in an agqueous medium in
the presence of a suspension stabilizer and a surfact-
ant while agitating. A foaming agent is introduced to
the aqueous médium under a pressure of, for example,
about 50 kg/cmZG, while heating at room temperature to
about 120 °C, to thereby impregnate the rubber-modi-
fied styrene polymer with the foaming agent. 1In this
method, it is important to have a satisfactorily long
impregnation time.

Examples of volatile foaming agents to be used fof
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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lbons, such aé.methyl chloride, ethyl chloride, methy]
bromide, dichlorodifluoromethane, 1,2-dichlorotetra-
fluoroethane and monochlorotrifluoroethane.

The foamable péllets or particles of a rubber-
modified styrene polymer impregnated with a foaming
agent can be expanded and foamed using steam by mgénp
of a conventional machine used for producing foamed
polystyrene beads to obtain expanded foamed beads of
rubber-modified styrene polymer. 1In the operation fq
expansion and foaming of the foamable pellets or part
cles, heating is conducted at a temperature of from |
to 104 °C for 10 to 150 seconds, preferably.for 20 tc
60 seconds. '

As an alternative method of expanding pellets o:
particles of a rubber-modified styrene polymer impret
nated with a foaming agent, there can be employed a
method in wﬁich the pellets or particles are subjeé£t
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.

The expanded foamed beads of a Fubbér modified
styrene polymer of the present invention can be sub-
jected to molding by means of a conventional molding
machine for producing foamed, molded polystyrene

products, in which the expanded foamed beads are fu-
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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-mﬁdified styréne polymer and a foamed,
molded product thereof are measured a$ 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 dividipg the weight of the expanded foamed
bead by the volume of the expanded foamed bead.

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

About 5 g of expahded foamed beads of a rubber-
modified styrene polymer are weighed'with an accuracy
on the order of 0.01 g. Separately, from 50 to 100 cm3

of water is poured into a 200 cm3

glass measuring
cylinder having a minimum graduation unit of 1 cem3. A

pushing tool is submerged in the water, which is con-
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structed of a circular wire_net haying 2 diameter

regpectinvely . neasiirements are dsulsstitbvélsHagt 024 Sulyeld¥o6

slightly smaller than the inner;diameter of the cylin.

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 H; (cm3)-

Subsequently, the pushing tool is removed. The above.

weighed beads are placed in the cylinder, and then,

t|

beads are completely submerged in the water by means i

the pushing tool to obtain level Hq (cm3). The appar.

ent density of the'bead, o] (g/cmq), is obtained accon

ing to the following formula:
p = W/(Hz - Hl)

wherein W represents the total weight of the foamed

beads, H; represents the water level before the foame:

beads are placed in the cylinder, and H, represents
water level after the foamed beads are completely
submerged in the water.- ' _

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

A bulk density of a foamed, molded product, D
(g/cm3), is calculated by the 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. v
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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 rectangular parallelopiped as a sample.

The weight [G(g)] of the rectangular parallelopiped
(weight of the sample) is measured, and then the
length, width and height of thé rectangular parallelo-
piped are measured'(in cm), by means of a measuring
tool as described in JIS K6767 with an accuracy as also
described in JIS K6767. The volume of the foamed,
_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 foamed
beads in water in the manner described in item (1)
above) of foamed beads (whose apparent density is
knowﬁ) is subjected to measurement 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 cbmparison;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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- W/p)y / (V, - W/P) (%)

whereln V, represents a sum of the volume of the matr
of the foamed bead and the total inner volume of the

closed cells in the foamed bead, Va represents a sum
the volume of the matrix of the foamed bead, the toty
inner volume of the closed cells in the foamed bead ja
the total inner volume of the open cells in the féamq

bead, W represents the weight of the foamed bead, and

.p represents the density of the matrix.

Evaluation is made according to the following

criterions:

Mark Ratio of closed cells
© ' S{%) 2 90 %
O B0 % 5 S(%) < 90 %
AN ' 80 % £ S(%) < B5 %
x S(%) < 80 %

(4) Average particle diameter of rubber particles:
An ultrathin section of a rubber-modified styren
polymer is prepared.. The prepared ultrathin section!
stained with osmium tetraoxide and, fhen, subjected t
electron microscopy. On the obtained photograph, 500
rubber particles are randomly selected and the respe¢

tive diameters of the rubber particles are measured.

Sheet Has Been Re ‘ilaced
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.(9) Drop testing [m : ’?ﬁTﬁﬂ g cushioning effect of the ultimte
f gamed, nvol ded pr” Ba . éFce wth JIS-Z-0202, drop testing of
Substitute sheet 24/7/98 49 padkdgged freights are conducted. As shown in

Fig. 3(a), articll 12246JYLd%ctdd [with a setgsthaty shesk- 24ngay 8996 10
and 11 which are jmeide of foamed, {ngl ded43

‘The average partictle—dlameter {D(pum)] of the rubber
particles is calculated according to the following
formula:

5=zni . Di/z ni ‘i =1' 2' ...)

wherein n;

i represents the number of rubber particles

having a diameter D;, and D; represents the diameter
(with an accuracy on the order of 0.1 um).
When a rubber particle is.non-circular in cross-

section, diaﬁeter D; is defined as (L; + Lz)/z wherein
.Ll is a major diameter oflthe.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
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-oppdsite #ides of a short
axis of the non-circﬁlar 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



prdducts. When t he BBEELAGEQ%$ﬂE§§EET.he f oamed, nol ded products are 0.033,
0..018, 0.023 and 0. [err], the ppackings nmade of these foaned, nol ded
products are used foriprdfdtii®gsarfikl es having wei ghts of 30, 10, 20 and

35 kg, respectively} The packings afe| desi gneSulsstitibashede- 2atjulyel 986ei ves
static stresses of (.08 10 U IZ Ry/ e?r]44 respectively, fromsix faces,
I.e., front and back.faces, left and fight faces and upper and | ower faces

:)1;] tcgﬁt g?ﬁglrn%yférﬂgmﬁg |cI e rot ectefg éetxhpem}‘é)eu& ngﬁé&'ggeéé ggcgmmdat ed

rubber-modxfied styrene polymer:

To 1 g of expanded foamed beads 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
hours and further subjected to centrifugation at 5 °C
and 18,000 rpm for 30 minutes to obiain a supernatant.
Methanol is added to the obtained supernatant to pre-
cipitate the continuous resin phase component. Then,
the obtained précipitate is dried.

0.1 g of the thus obtained precipitate is dis-
solved in toluene to thereb& 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 by
Canon, Inc., Japan), and a period of time [t,(sec)]
necessary for all of the solution to downwardly flow
out is measured at 30 °C. Separately, by using the
same viscometer, a period of time [t,(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 = (ty - tg)/(tg-C)

wherein C represents the styrene polymer contentratiof
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of a corrugated boaréﬁéﬁﬁgégﬁﬂggéggﬁﬂPaving the arti- cle accomodat ed
therein is dropped w tih corner 14 ddwjward. In this case, packing 8 :
under goes t he great-| st 2[7a#dl. 1Fgen,) tthe container is dropped one tine with

each of three edges |15, 16 and 17 dgowpward, t8absfitite dheeOe@ 4t Milge1996es in

total. Subsequently, tTheé con-"tairner {i45dropped one tine with each of six
faces of the container_downward, thatfis, dropped six tines in total. Then,
the container is opened. The four pack- ings are exam ned with respect to

the degree é8/8daff tHf SRYEPD! danmge to each of the packings is

Further, a 1.0 g/dl toluene solution and a
1.5 g/dl toluene solution, each having the above-ob-
tained précipitate 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 "sp/c against C to infinite
dilution (C = 0).

(6) Swelling index of the gel moiety of the foamed
bead:

0.5 g of foamed beads is iﬁmersed in 30 ml of
toluene at 25 °C for 24 hours and then shaken for S
hours to obtain a mixture. The obtained 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 supernatént is removed by
decantation to obtain a residue. Thirty ml of toluene
is added to the obtained residue and then shaken at
25 °C for 1 hour. The resultant mixture is subjected
to centrifugation at 5 °C and 18,000 rpm.for 1 hour to
thereby separate the mixture into a Supernatant and a
precipitate. The supernatant is removed by decantation
to obtain a residue. The obtained residue is weighed

to obtain a weight (W;). Subsequently, the residue is
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_vacuum-dried. The weight (W) °£5Ehﬁn§ried residue i;
measured. The swelling index, B(t),;;s.calculated
according to the following formula:

B = 100 - (W; - Wy)/W,

(7) Retention of a foaming agent:

Foamable beads are foamed with expansion to obtaip
expanded foamed beads each having an appareht density
of 0.033 g/cm3. The obtained foamed beads are allowed
to stand in a drying container at 23 °C for about 24
hours to thereby remove the moisture present in the
surface and inside of the foamed beads. The thus dried
foamed beads are subjected to measurement of the fetew
tion of the foaming agent in the foamed beads.

The retention of a foaming agent in an expanded,

foamed bead of the present invention can be measured 2

follows:

About 5 g of expanded foamed beads are weighed -

"with an accuracy on the order of 0.01 g. The weighed

beads are placed in a glass flask having an opening at
a top thereof and having a volume of 1000 cm3. The
glass flask having the beads placed therein is weighed
with an accuracy on the order of 0.01 g and then put
into a vacuum-deaerating apparatus which is controlled
‘at 180 °C to thereby deaerate at 60 mmHg (absolute

pressure) for 60 minutes. Then, the deaerated glass

This Sheet Has Been Reﬂ
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Further, eval uation pf 'the~ctrshtoni-ng property of a set of four packings is
made according to th i‘o:jr \/‘\bLi,@@. crii tleri ons: Mark

Eval uation criterions [e .?” FIN0] df 4 packi ngs are evaluated as a, b
and/or c, wherein therb_are 2 or morle jof a andubstitufeeshéet - 24 JuFal19986)
out si de the above crjterion, wherein tj4sre are 4 of a, b and/or ¢ Falling
out 3i de t he above two—critertons— ein there is at least one.d and no e

flask having the beads placed therein is taken out and
then allowed to stand at room temperature and further
subjected to measurement of the wéight. The content (G
(g/100 g of the expanded foamed beads)] 6f the foaming
agent in the foamed bead is obtained according to the
following formula:

| G = 100 « (G} -~ G5)/(Gy - Gg)

wherein G, represents the weight of the glass flask; Gy
represent the weight of the glass flask having the
beads placed therein, before vacuum-deaeration; and G,
represents the weight of the glass flask hav;pg the
beads placed therein, after Qacuum-deaeration.

The content (g/100 g of expanded foamed beads) of
the foaming agent in the expanded foamed beads is
measured every 3 hours. Thus, there is obtained the
half-period {tj/2 (hr)] necessary for the 4 g of the
foaming agent contained in 100'g of the beads to become
a half (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 an& 0.040 g/cm3,
respectively, measurements are done.

Evaluation is made according to the follo&ing

criterions:
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eval uation: E val
and ratio of closdd icel/s}#ni39%6a
of voidsiin the surfac

and nunber

Il;";"‘. ) 1'[}:.:
Falling o t%iiﬂi:éﬁié&ﬁ;

T%? : :
= the above three criterions (10) Tot al

d}beads, and the resistance to cracking

Based jon the evaluatL%n of the retention of foam ng agent gas
f foamed, swhslRdtdsREMC! 24(jdwr1996

eval uation itens ijn total), total eyaluafdgon is nmade according to
followng criteri das: ]

Mark Half-period (t1/2 (hr)]
© ty/2 2 100 hr
Q : 75 hr 5 t,,,°< 100 hr
Pa 60 hr ¢ tyy2 < 75 hr

x ty/2 < 60 hr

(8) Appearance of a foamed, molded product:

Among voids (formed between the foamed beads fuéed
to constitute the foamed, molded product) observed in
the surface of the foamed, molded product, the number
of those voids (found per 25 cm? of the surxface) which
have a size equal to or larger than a half of the size
of the foamed bead is counted. |

Evaluation is made according to the following

criterions:

. Mark Number of voids Observations of appearance

© 0 -2 : Very excellent
O 3 -5 Good

A 6 - 10 Slightly poor
x 11 or more Poor. -

(9) Drop testing for evaluating the cushioning effect
of the ultimate foamed, molded product:

In accordance with JiIS-2-0202, drop testing of
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packaged freights are conducted. As“shéwn 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 kd/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 container 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. 1In this case, packing 8 undergoes the great-
est load. Then, the container is dropped one time with
each of three edges 15, 16 and 17 downward, that is,
droppéd three times in total. Subsequently, the con-
tainer is dropped one time with each of six faces of
the container downward, that is, droéped 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

Sheet Has Been Reﬂlaced
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[err] Fal i ng § | 3@- iab three criterions. Exanple 1 (1)
Preparation of a rubber-nndlfled sty ene pol yner A styrene-butadi.ene bl ock
copol ymer havi ng a bjt pdiZéhgycdpsgent] df 60 w % was di ssol ved in nononeric
styrene so that the gohcentration of the st yr eSabstitiitadineee - B4 gkiyc p9bY MeET
i n the resul tant solutiombecane—t2~w}% . 0@ 100 parts by wei ght of the
obt ai ned sol ution weje added 5 parts y melght of et hyl benzene,

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/oxr 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 ¢

FAN 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
e&aluation items in total), total evaluation is made

according to the following criterions:



Q. 05 part by wei gkt whut yl per oxy) cycl ohex- ane and 0.05 part by
wei ght of t-dodetyl-ne tihereby obtain a feed stock for

pol yreri zation. The E£ﬁ§'9b£§jned feed stock was introduced to a polyneri -
zation reactor. A pol FLZ2t% on rleacti on wasSuhstituteisheet084[ Ay 1996 h

stirring, and the teaction was conduct et for 3 Substitute sheet -
24/-7/ 98
Mark Evaluation criterions
© All four items are evaluated as © .
@) Falling onside the above criterion,
wherein all four items are evaluated as
©® and/or Q .
FAN 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 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 12 wt%¥. To 100 parts by weight of the obtained
solution were added 5 parﬁs by weight of ethylbenzene,
0.05 paft by weight of 1,1-bis(t-butylperoxy)cyclohex-.
ane and 0.05 part by weight of t-dodecylmercaptan, to
thereby obtain a feed stock for polymerization. The
thus obtained feed stock was introduéed to a polymeri-
zation reactor.

A polymerization reaction was started at 105 °C

with stirring, and the reaction was conducted for 3



52 hours. Then, t e el evated to 130 ﬁﬁ;F}- and_Lbe reaction
was continued for 2 "hour s. Further, the tenperature Sl oFi
[err], and the re 2 bJUbeS?&ont ifnued for 1 hour. |The r BERLAGEN rea tion
m xture was introjuted to a vol atj |} zati on apBubtiat

vacuo, to therebyjr VE the unre-a?ctemgftyrene and ethylbenzene to
obtain a rubber-mpdified styrene pol yner. The obtai ned pol ynmer was

i ntroduced to an extruder having a plurality of dies attached thereto, and
t hen, extrudbgursto ShemdsheTtempersthere 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 were cut intd pellets. The obtainéd
pellets of the rubber-modified styrene polymer were
designated as HIPS-1l. 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 wt%.

Then, HIPS-1 and a polystyrene resin 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 sutadiene content of
HIPS-2 was calculated from the mass balance of the |
above-mentioned HIPS-1 and st}rene polymer, and found

to be 7 wth.

This Sheet Has Been Re[ilaced




strands wer e |mrec*|“&i?élf‘§(,§&§‘5‘k3e&;ﬁ&T wat er, and the cool ed strands were cut
into pellets. The htalned pelletdg of the rubber-nodified styrene pol yner
wer e desi gnated as IP§7Qﬁ¥Imm4nua i ene content of HIPS-1 was cal cul ated

fromthe mass bal CE e abovg- |nentione tgﬂgspgg@ﬂgaqﬁﬂl

copol ymer and sty-i{r n | tjo b3 9 Wt d§/é$éﬂ1 H PS-1 andpa
pol-ystyrene resin re blended in ajratio of 100: 30. The obt ai ned bl end was
subjected to nelt Rneading by neans of a 30 [err], single screw extruder.

The resul tant rubhetherdi fsudstainuiai€ potlye same polymerization

procedure as used for preparing HIPS-1 was repeated
except that the concentration of the styrene-butadiene
block copolymer ih 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-1l, -2 and -3, had a core-~shell structure, and
had-an average particle diameter of 0.2 Hm. The
properties, including the intrinsic viscosity ({n]).,
the swelling index (SWI), of each of HIPS-1l, -2 and -3
are shown in Table 1.
(2) Preparation of foamable beads
Foamable beads were prepared using a machine for

extrusion and impregnation (hereinafter frequeﬁtly
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,
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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preparing H PS-1 was repeat ed

equipéed at a front end portion thereof with a device
for cooling an impregnated polymer to an appropriate
temperature for extrusion and a number of dies (each
having a diameter of 0.7 mm) for extruding an appfopri
ately cooled, impregnated polymer.

HIPS-1 was introduced to the extrusion/impregna-
tion machine at its melt-kneading site and melted
therein. 0.13 mol of isopentane (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-
siqn/impregnation machine at a constant rate under
pressure ahd kneaded with the molten HIPS-1 therein.
The molten mixture of the HIPS-1 with the isopentane
was retained in the melt-kneading site at 130 °C for 2
minutes to thereby impregnate HIéS-l with the iéopen-
tane. The resultant'molten,'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 thfough the above-mentioned
extrusion dies, and the extrudate is immediately cut in
the water using a rotary cutter to obtaiq foamable
beads having an average diameter of 1.1 mm.

With respect to each of HIPS-2 and -3, foamable
beads were obtained in substantially the same manner 28

in the production of foamable beads “from HIPS-1.
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the solution therledi Tn styrene a$ changed to 14.5 W% to thereby obtain
still another rullbgr-ggditii eest yréne pol ymer. The obtained rubber -
nmodi fi ed styrene Jpdl ymer was desiignated as H RibsituTéishbet alidedadyct®®&nt of
H'PS-3 was 10.5 % ‘~Faeh—et—t+he-bufadi eh® pol yner rubber particles which
were dispersed in HPS-1, -2 and -3, had a core-shell structure, and had an
average particle dianeter of 0.2 éerr]. The properties, including the
intrinsic viscosi8y ([Exmgnsiamosvkoanaiple feeadsSipy obtradadmdf HI PS-1,

-2 and -3
expanded foamed beads, and production of ultimate

foamed, molded products .

' The foamable 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 into 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 tube.
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/cmZG). Thereafter, the
temperature was maintained at 102 °C for 17 seconds and
then, the 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 thfee 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, respectively. The cross-section of the

cell wall of the expanded foamed bead was observed by
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prepared using a nmachijng for extru§Tﬁr nd i npregnation (hereinafter
frequently referred to as 2'exinusbon/ regnati on machine"), which has a
structure nentioned b¢l dw. The “extrusj o %i nmpr 8gbstitude sheeht 24 Julyeth@@Pped
with a device for feeditg™ ' n?®under pres- sure. The foam ng
agent - f eedi ng devi ce gommuni cates, thrgugh a conduit, to a nelt-kneading
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the ratio of closed cells, and the presence of lamella,

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
convenﬁional molding machine for producing a foamed
polystyrene to effect iusion-unification with ig,gigg
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

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

A polybutadiene rubber having a 1l,4-cis content °f

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-dodecylmercaptan, to thereby obtain
a feed stock for polymerization. The thus obtained
feed stock was introduced to a polymerization reactor.

A polymerization reaction was sta;ted at 110 °cC
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 temperature was elevated to 150 °C, and the re&c-
tion was continued for 2 hours. The resultant reaction
mixture was introduced to a volatilization 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 polymér was desig-'
naﬁed as HIPS-4. HIPS-4 had a butadiene content of
12.3 wth, an.[n] of 0.80, and an SWI of 9.5. The «
rubber particles dispersed in the céntinuous styrene
polymer phase of HIPS-4 had a salami structure, and had
an average particle diameter of 1.3,um.

Further, substantially the same.p01ymerization
procedure as used.for preparing HIPS-4 was repeated

except that the concentration of the polybutadiene
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to 5.5 wtd, 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
rubber-modified styrene polymer. The.obtained rubber-
modified styrene polymer was designated as HIPS-5. The
properties of each of HIPS-4 and -5 are shown in |
Table 1.

Using each of HIPS-4 and -5 individually, foamable
beads were prepared in substantially the same manner as
in Example 1, except thaﬁ the retention time of a
molten mixture at 130 °C for the'impregnation of the
pol&mer with isopenﬁane was changed to 25 minutes.

The thus obtained foamable beads prepared respec-
tively from HIPS-4 and -5 were expanded with foaming
'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 abparent density
of 0.033 g/cm3. The average weight of each of the
obtained two types of foamed beads was 0.75 mg. The.
properties and appearance of the obtained two types of
expanded foamed beads, respectively} obtained from
HIPS-4 and -5 were found to be good as shown in
Table 2.

The above-obtained expanded foamed beads were
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subjected to molding in substantially the same manner
~as in Example 1. Ultimate foamed,_mclded products were
obtained (bulk density: 0.020 g/cm3) having predeter-
mined sﬁapes, which are intended for use as cushion-
‘packings for packing up a 30 kg CRT monitor in a con-
t;iner.

The properties of each of the molded products.
which were prepare& from 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 concentration of the styrené-buta-
diene block copolymer in the resultant solution became
12 wts. UQing the resultant solution, a polymerization
was carried out in substantially the same manner as in
Example 1. The obtained fubber-mcdified_styrene poly-
‘mer (I) had a butadiene content of 9 wt% and an average
particle diameter of 0.2 um, and the rubber particles

dispersed therein had a core-shell structure. |

On the other hand, a polybutadiene rubber having a
1,4-cis content of 96 wt% was dissolved in monomeric
styrene so that the concentration of the polybutﬁdiene
fubber in the resultant solution became 9 Qt%. Using

the resultant solution, a polymerization was carried
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charged into the steéan tgp prelimnarily heat the inside of
t he *“machi ne. Then, L_' _ .

out in substantially the same manner as in Example 2.
The obtained rubber-modified styrene polymer (II) had 4
butadiene content of 12 wt% and an average particle
diameter.of 1.4 um, and the rubber particles dispersed
therein had a salami structure.

The above-obtained rubber-modified styrene 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 dissdlved 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-
modified styrene polymer (III) had a butadiene content
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
l1,4-cis content of 96.wt% was dissolved in monomeric
styrene so that the concentration oé the polybutadiene
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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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 styréne polymers (III) and (IV) were blended
in a ratio of 8:2, and 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 weights 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-
ated. 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
beadé 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 following éemperature 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
temperature 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 thé 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
.foamed 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,
Imolded product having a bulk density of 0.14 g/cm3.
The foamed beads having an apparent density of 0.040
g/cm3 were subjected 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.

Wwith respect to each of the above three types of foamed
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the retentign 27 Jheghpan] ng agent gas was neasured. Results are

shown in Table 2. The;aboveﬁobtainej expandedsiibstieie dhads - \@= gulyubPe6t ed
to nolding in a nol di ng—dteprovided j ngg conventional nol ding nachine for
produci ng a foanmed polystyrene to effiect fusion-unification with in situ
foam ng of the beads. U timte foaned, nolded products were obtained (bulk
density: 0. 62adscand eadcng pretie-foamed, molded products obtained

therefrom, various properties 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 foaméd, molded products
corresponding thereto. With respect to each of the
three types'of foamed beads and each of the correspond-
ing molded products, various properties are shown in
Table 3.
Comparative Example 1

Substantially the same polymerization procedure as
used for préparing HIPS-1 in Example 1 (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 B
was designated as_HIPS-B. 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 pr;perties of the

above-mentioned foamed beads and foamed, molded

~products are shown in Table 4. With respect to the

obtaihed foamed beads, the ratio b/a was 8, the ratio
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term ned shapes, &%ich.@gg o dnukdl for use as'&qﬁyggg-Pﬁ K for packing
up a 30 kg CRT nonitor in a contaitngr. (4) Resistanﬁﬁgi gé#% ng and
eval uati on of appearangd S mg ¢f the nunber of 8@ n the surface)
with respect to the foaned, nol ded product Thgubstituttaheett @4 dakkivsgsand

t He appearance (in teras—of~tThe nunlder o4 voids in the surface) with
respect to each of :the nolde ts which were prepared fromH PS-1, -2

and -3, were $valuér§p %pd found to be good. Results are_shown in Table 2.
a/c.was 0.06, and the average weight was 0.65 mg. As

is apparent from Table 4, the above-obtained foamed
beads were poor.in.the retention of a foaming agent
gas. Further, the foamed, molded product obtained
therefrom was unsatiéfactory in cracking resistance and
appearance.
Comparative Example 2
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 0.03 part by weight, and the temperature in
_ ihe third step of the stepwise elevation of temperature
was changed to 150 °C as indicated in Table 6 (see
"HIPS-9"). The obtained rubber-modified poijmer 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-9 in substantially the same manner as in
Example 1. The properties of the above-mentioned
foamed beads and foahed, 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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Comparative Example 3

Substantially the same polymerization procedure as
used for prebaring HIPS-1 in Example 1 (1) was repeated
‘except that the amount of t-dodecylmercaptan was
changed to 0.04 part by weight, and temperaﬁure and
time in the third step 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 0.85 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 mannér as in
Example 1. The properties of the above-mentioned
foamed beads and foamed, molded producﬁ 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 fcamed, mo1ded product
obtained from the above-obtained foamed beads was |
unsatisfactory in cracking resistance and appearance.
Comparative Example 4

Substantially the same polymerization procedure as

This Sheet Has Been Replaced
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2 hours. The resuLtgﬂ t %%glég%perature and time in the third step

prosved

i on. The

of the stepwise elevation of temperature were changed
to 135 °C and 2 hours, respectively, as indicated in
'Table 6 (see “HIfs-ll“). The obtained rubber-modified
polymer was designated 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. fhe properties of the
foamed beads and foamed, 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
average weight was 0.68 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 formed beads was dnsatisfacto:y
in crackin§ resistance and appearance;

Comparative Example 5 | |

' Using HIPs-1, -4, and -6 individually, substan-
tially the same procedure as in Example.l (2) and (3)
was repeated except that, in Exampleql (2), the reten-
tion time in the melt-kneading site at 130 °C was
changed to 5 minutes, to thereby obtain expanded foamed

beads and a foamed, molded product. The properties of

e
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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 thé 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-1l 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 1,1-bis(t-butylpéroxy)Q
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 gtepwise eleva-
tion of temperature were changed to 140 °C and 3 houré
as indicated in Table 6 (see "HIPS-12"). The obtained
polymer was designated as HIPS-12. HIPS-12 had an
average diameter of rubber particleé 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, molded
product are shown in Table 5. With respect to the
obtained expanded foamed beads, the ratio b/a was 35,
the ratio a/c was 0.009, and the average 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

Substantially the same polymerization procedure as
used for prepariﬁg 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
the amounts of 1,l-bis(t-bufylperoxy)cyclohexane and
t-dodecylmercaptan were, respectively, changed to 6.05
part by weight and 0.04 part by weight; and that the
time in the third step of the stepwise elevation of
temperature was changed to 3 hours as indicated in
Table 6 (see "HIPS-13"). The obtained polymer was
designated as HIPS-13. HIPS-13 had an average diameter
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, moi&%@ product are

shown in Table 5. With respect to the obtained foamed
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i ndi vidually, fo Lﬁpﬁ ? reg prepared in subst manner
as in Exanmple 1}, excebt t thej retention tingyedtitatérehéen- 2uxiuiy el 996 130
[err] for the |anegnaL+eﬂ~e$~ hg pol yne69wi t h i sopentane was changed to 25
m nutes. The thus obtained foamapl e beads prepared respec- tively from

H PS-4 and -5 wereexpanded™ W foam n and t hen, subjected to aging in
substantlthanQSsahhe ratio b/a was 1 the ratio a/c was 0.21,

- and the average weight was 0.75 mg. As is apparent
from Table 5, the #bove-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 resisgsnée and appearance.

Comparative Example 8

Substantially the same procedure as used for
preparing HIPS-2 in Example 1 (1) was repeated except
that the ratio of HIPS-1 to.a polystyrene resin was

- changed to 100:200. The resultant'rupber-modified
styrene polymer was 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_showh in Table 5. With respect to the
obtained foamed beads, ﬁhe ratio b/a was .16, the ratio_
a/c was 0.04, and the average wéight‘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 therefrom was unsatisfacto.
ry in cracking resistance.
Comparative Example 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, eespectively. These three types of
foamed beads were subjected to molding in substaﬂtially
the same manner as in Example 4, thereby obtaining
three types of molded products having bulk densities of
0.11 g/cm3, 0.14 g/cm3 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 gnd
o.is. As is apparent from Table 5,lthe 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. The molded product can be advan-
tageously used as a cushioning material in packaging an

article having a relatively large weiéht which is
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iﬂ§§%§§6 subjected to nolding in substantially

the same manner as.in Exanple 1.jUtimte foaned, nolded products wer e
obt ai ned (bul k dénsgit37 JULOBB6[ efr]{ having predeter- mined shapes, which

are intended for juse as cushion-}ppckings for cking u 30,k Cﬁ%
monitor in a con ?al ner. The propertiesypf ea%%%ftuﬁgﬁﬁ% dga ‘g’f%d ?@
whi ch were preparled from H PS-4 _anél -5 were eval uat ed

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 thé expanded foamed bead of the
present invention is excellent also in flexibility, so
that it can also be advantageously used as, for exam-
ple, a heat insulating material for use in, for exam-~
ple, house; and various types of baths. Further, the
expanded foamed bead of a rubber-modified styrene
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 excellent 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 frpm the foamed
bead of the present invention is melted together with a
molded product produced from conventional foamed beads,
the miscibility therebetween is good, and the resultant

polymer blend can be pelletized for further use. As



’ »-\-.:-:-41.

and found to bé ood Results

shown in Table 2. Example 3 A

styrene- butadlena bp gchicomgl v havi ng a but adi ene content of 60 wt % was
di ssol ved i n nangneric styrene s¢ that the concentration of the
styrene-buta- dié yirer in the reSubstiteshiest r At JubyahB962
W% Usi ng the;resultant solutiop, a pofy%erization was carried out in
substantially the same nanner as in Exanple 1. The obtai ned rubber-nodified
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rubber-modified styrene polymer of the present inven-

tion is extremely useful in fields relating to foamed,

molded products of expanded foamed beads.
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out ‘i n subst ant {gfdys MEns ner as in Exanple 2. The obtained

rupber - nodi fi ed g*g@@ﬁﬁ@ﬁﬁﬁgﬁgﬂgﬁ||) had a but adi ene content of 12 wt % and
an average partic eéﬂ%gg&;&gﬁsf 14 [err], and the rubber particles

di spersed therein{h aPi structure. The - i ned

r ubber - nodi fi edistyrene pol y- 5 (1) and (i w\efrﬁlé&g%@é\éc}edzﬁﬁjuéy r1a9tg|60 of
9:1- and the obtfained polyner bl ephd was designated as H PS-6. Further, a
st yrene- but adi ene_hl.ack copolymeri havi ng a but adi ene content of 60 w % was
di ssol ved in nononeric styrene so that the concentration of the
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,styrene but adi ene b Qﬁﬁfﬁﬁﬁﬁfﬁﬁmguﬂgfthe resul tant sol uti on becane 10.5
w% Using the resujt “sotu—++6%, ja pol yneri zation was carried out in

substantially the s Q%ﬁTﬁifﬁﬁélnaExanple 1. The obtai ned rubber-

nmodi fied styrene poly but adi ene .

average particle dija af 0.3 [drn], and tWﬁgaBgﬁﬁg par?l\g 8& %ggﬁsed
therein had a core-i shell structure. {On the other hand, a pol ybut adi ene
rubber having a 1, 4~tis—contenrt—ef—26 W % was di ssol ved i n nononeric

styrene so that t concentration of the polybutadiene
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Expanded, f
density of

2 "above had
obt ai ned by
[err]. The

subjpected t
t her eby obt

~of 0.11 [¢€
g/ cnB

heads .aobt aiped by using condition 1 165Uésﬁéd.&ﬁ3dﬁﬁ§r nt

FOLACTLENT @FBgYded, foamed beads obtai ngd by RELAGEDON tf on

H—apparent—-density of 0.023 g/cnB, and expanded foamed—bedds

SL@%@BQ’:QM o 3 above had an apSubstitute sheeti-t24 Juihp 1096

a S hayi

inp] ding by ang of the sane nolding die as used in Exanple 1,
e f oaned, _nol ded product having a bul k density

hg an appare®® density of 0.018 [err] were
red beads haﬁ-‘ﬁ&“én apparent density of 0.023

1. 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
said bead, each of said cell walls comprising two
surfaces separated by a distance equal to the thickness
of said ceil wall,

said matrix comprising:

(2) a continuous styrene polymer phase; .

(b) a rubber phase dispersed in said continuous
styrene polymer phase (a), comprising a plurality of
substantially flat, butadiene'pOIYmer rubber particles

each having at least one styrene polymer particle

occluded therein;

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

in a cross-section of said cell wall, taken along the

~thickness of said cell wall, is substantially parallel

to the two surfaces of said cell wall, and wherein the
cell wall and each flat rubber parti&le satisfy the
formulae I and II:
| 0.0r g a/c g 0.2 (1), and
10 £ b/a §7O (I1)
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wer e subj ect ed i AQrT Agioae sanme manner as de-] rlbed a v er eby
obt ai ni ng an ufﬁ?ﬁg@agﬁ-a”'“““" ded product having a ﬁqﬁ QQ;EtEW 0.14
[err] . The foand beads havin n apparent density re
subj ected to ngl di n3 7k B96saire| manner as desghihfde YpRke - z;hgns,byggs
obt ai ni ng an uljtifmat e foaned, ded product having a bulk density of 0.24
[ery] Wth resgect to each of the above three types of foaned

81

wherein a repfesents the thickness (um) of

the rubber particle as measured in terms of

the length of the short axis of said cross-

section of ﬁhe rubber partiéle; b represents

the diameter (um) of the rubber particle as

measured in terms of the length of said long

axis of said cross-section of the rubber

particle, and c represents the thickness

(um) of said cross-section of the cell wall.
2.. The foamed bead according to claim 1, which has an
apparent density of from 0.014.to 0.100 g/cm3.
3. The foamed bead according to claim 1 or 2, wheréin
said continuous styrene polymef phase (a) has an in-
trinsic viscosity of from 0.6 to 0.9 dl/g as measured
in toluene at 30 °C, and said matrix has a gel moiety
with a swelling index of from 6.5 to 13.5; said gel |
moiety being defined as an extraction residue of the
extracﬁion of said foamed bead 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; - W,)/W, - (III)

wherein W, represents'the weight of the gel

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

represents the weight of the gel moiety

obtained by drying said swelled gel moiety.
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Exanple 5 Substantlaégy the saf
Y &6 n

except that H
different type

correspondi ng tlhereto.

beads and each

p
f expanded fo$

Wth resp

leads and each of
ifous properties argTHHoBHEThHASBEENS.
procedure as in arrpl eRE/PLmasnrepe t ed

lace of HI PS- he

pd beadsgsnd fgﬂhﬁﬁﬁﬁ h§8§ 64 Aﬁ%ﬁlggg
pct to each of the three types of foaned
i ng nol ded products, various properties

are shown ing, The foamed bead according to any one of claims )

to 3, wherein said flat rubber particle is comprised of
at least one butadiene polyﬁex selected from the group
consisting of a polybutadiene and a styrene-butadiene
block copolymer.
5. Tﬁe foamed bead according to any one of claims 1}
to 4, wherein_said continuous styrene polymer phase (a)
is comprised of at least one styrene polymer selected
from the group consistin§ of a polystyrene and a sty-
rene copolymer having a styréne content of 50 % by
weight or more. |
6. The foamed bead according to any one of claims 1
to 5, wherein each flat rubber particle has a core-
'_shell structure wherein a single particle of a styrene
poclymer is occluded as a core in gaid rubber particle
which constitutes a'sheli.
f. The foamed bead according to any one of claims 1.
to 6, wherein said dispersed rubber phase is comprised
| of a mixture of 80 % by weight or more, based on the
weight of'said dispersed rubber phase, of flat rubber
particies each having a core-shell structure wherein a
singie particle of a styrene polymer;is occluded as a
core in said rubber particle which constitutes a shells
and 20 % by weight or less, based on the weight of said

dispersed rubber phase, of flat rubber particles each

This Sheet Has Been Refilaced
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Tabl e 3. CbnparatiLgﬂﬁwﬁmﬁﬁéﬁﬁﬁﬁnbﬁl'ntlaIIy t he [SAYE ngﬁgégé on
procedure as used fof preparing lin Exanple o ¢d except
that the amount of |t dddgylmgggapt gn was change fn n hv vei ght  as

indicated in Tabl e] 6/ (see "HI PS-8")). obt ai $@|dstttubé)eheepd|2f44 .wlym:ggaer
was designated as H PS8—HPS a an%[ err] value of 0.52 and an SW of

10. 5: Expanded foahed beads and a fqaned, nol ded product correspondi ng

thereto Ver 15 £R" §0sh1 QMY BE-ARRHE o WASsh i SRR | BhbYstPRene

1

polymer particles are occluded in each rubber particle.
8. A précess 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 theréin, 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 pqumer.r#bber particles each having at least
one styrene polymer particle occluded therein, wherein
said.céntinuous styrene polymer phase (a) has an.in-
trinsic viscosity of from 0.6 to 0.9 dl/g as measured
in toluene at 30 °C, and said rubber-modified styrene .
polymer has a gel moiéty 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 pdlymer with toluene at 25 °C, said
swelling index of the gel moiety beihg.Aefined as a
value (B) obtained according to the formula III:

B =100 « (W; - wz)/wi (I1I)

wherein W, represents the weight of the gel

This Sheet Has Been Replaced
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beads and foanEd,jﬁﬁTﬁ“ﬁ“ﬁrU are shown in Tablg W$£'
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respect] to
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mojiety swelled with toluene.ai 25 °c, and W,
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/cm?G in said extruder to thereby impreg-

nate said rubber-modified styrene polymer with said

foaming agent,

(3) extrud;ng the resultant molten, impregnated
rubber-modified styrene polymer into water, followed by _
cutting of the extruded polymer, and |

(4) heating tﬁe cut, impregnated rubber-modified
styrene polymer.

9. The process according to claim 8, wherein said
heating at step (4) is conducted at 95 tb 104 °C for 10

to 150 seconds.

This Sheet Has Been Re‘i ced
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Substantially the same polynerization procedure as used for preparing
HPS-1 in Exanple 1-(1) was repeated except that the anpunt of
t - dodecyl nercapt an_was changed to 0.04 part by weight, and tenperature and

time in tike grmjna\rpms* he stepw se el evation of tenperature were
changed tj0* :15 Tewj : ,hours respec- ti veSiybstitoite @ﬁbgﬁthmyTﬁ@gs 6
(see "H ES-i 110" )7 The_obt di ned r ubber - fied polynmer was designated as
HI PS- 10. |P% 1L AW %N [eJrr] val ue .85 and an SW of 4.5. Expanded
f oaned belads and a _foaned, |nol ded product correspondi ng thereto were

‘prepared ffromthe

FIG.3 a

FIG.3 b
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Co
TITLE OF THE INVENTION

Expanded foamed bead of a rubber-modified styrene
polymer

BACKGROUND OF THE INVENTION

Field Of The Invention

The present'invention relates to an improved
expanded foamed 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 pluraiity of
closed cells defihed by cell walls which constitute a
matrix for the bead. Each of the cell walls comprises
two surfaces separated by aldistance equal to the
thickness of the cell wall. The matrix comprises: (a)

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

dispersed in said continuous styrene polymer phase (a),
wherein the.iubber phase comprises 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 wall. 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



Substantially the sanme_polyoerization procedure as Substitute sheet -
24/ 7/ 98 66 used f EE%QFNT BET1 in Exanple 1 (1) was repeated except
t hat the tenperat ' %L A ?n tq; third step of the stepw se el evation

of tenperature wer changed to 13 lerr] and 2 hour §yb56RAE GhekE Y24/9708
I ndi cated in Tabl i 6 (3ecgduhl1 *11")}. The obtai ned rubber - nodi }é?e? 779
|

9

5

protgcted 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 Fhe 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 egqual to the thickness of the
cell wall,

the matrix comprising:

(2a) a continuous styrene polymer phase;_and,

(b) 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
occluded therein;

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

cross-section of each flat rubber particle, as viewed
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thickness of the cell wall, is substantially parallel

to the two surfaces of the 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 (I), and

10 g b/a 30 40 (II)

wherein a represents the thickness (um) of

the rubber particle as measured in terms of

the length of the short axis of the cross-

section of the rubber particle; 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

particle, and c represents the thickness

(um) of the cross-section of the cell wall.

Referring now to Figs. 1 through 3(b), the present

invention isidescribed below in detail.

Fig. 1 shows an enlarged diagrammatic view of

cross-sections of the cell wall of the expanded foamed

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 figure

illustrates the dispersion morphology of substantially

flat rubber particles dispersed in a continuous styrene



obtained fromthe a

3 oYl gmhas unsati sfactory in cracking
resisstance and appeaj* ‘é@K%* %] ¢ Exanple 4 Using H Ps-1, -4, and -6

i ndi vidually, substan-itially the sqgnmg procedure as in Exanple 1 (2) and
(3) was repeated except PRiRgULIBOEXdndle 1 (2), the rEt n- tion ti 7| t he
nel t-kneading site at 130 [err] was |cHanged,to 5 ni§H+§§Eﬂféiﬁﬁéﬁég§Lé§§ain

expanded f oaned bead% and—a T oaned, ntldedgﬁroduct. The broperties of

cell Qalls 1 which constitute a matrix for the bead 6,
each of the cell walls 1 comprising two surfaces 2
(only 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 polymer phasé 3;_and

(b) a rubber phase dispersed in the continuous _
styrene polymer phase (a)-3, comprising a plurality of
substantially flat, butadiene polymer rubber particles
4 each having at least one styrene polymer particle 5
occluded therein.

In generalp-when a rubber-modified styrene polymer
is jolted or impacted, it exhibits a resistance to
cracking. The cracking resistance of a rubber-modified
styrene polymer is due to the presence of a rubber
phase dispersed in a styrene polymer phase, the rubber
phase serving to suppress the spread of a cracking n
caused by the impact on the styrene polymer phase.
Therefore, also with respect to a foamed, molded
product produced from a foamed bead of a rubber-modi-
fied styrene polymer, it is considered that, as in the
case of a non-foamed, rubber-modified styrene polymer,
a cracking resistance is exhibited due to the presence
of the rubber particles in the cell walls as the matrix

of the foamed bead, the rubber particles serving to



Substitute sheet - REPLAGEMENT gl
mol ded, product are ghpwn i n Table
f oaned beads obt ai ned} f moi RS,
and 7, respectivelyl fhe ratios al/c
and the average wei ghts—were—o0-70
I s apparent from Tabl.e 4, the above-
nol ded

ve-nenti oned foaned beads and foaned,
Wth respect to the three types of
and -6, the ratios b/a were, 7, 6

re 0.04, 0.08cpdtithita’shdetSPe4/7/98! V:
0.69,y and T ng, respectively. As

bt ai ned f oaned beads and the foaned,

therefrom is not only excellent in resistanée to crack-
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
are oriented so that the long axis of a cross-section
of eéch flat rubber particle 4, as viewed in a cross-
section of the cell 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 1

and each flat rubber particle 4 satisfy the formulae I

and II: A
0.01 g a/c g 0.2° (I), and
10 £ b/a 576 40 (II)

wherein a represents the thickness (um) of the
rubber particle as measured in terms of the length
of the.short axis of the cross-section of the ”
rubber'farticle; 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 particle, and ¢ represents the thick-
ness (um) of the cross-section of the cell wall.
In the present invention, the aspect ratio b/a
[i.e., the ratio of the diameter (um).of the rubber

particle, as measured in terms of the length of the



products were reIatlygkzgggg@ﬂ¢mSHng=rties. Conpar ative Exanple 5
Substantially the sdmg—pol-yaer+zat+pn|procedure as used for preparing

HPS-1 in Exanple 1{(1) ted except that the rubber concentration
of a styrene solutign ofﬁguﬂgeaﬁ@as changed to 8.5 % by weight, that the

amounts of ethyl benzene_and 1, 1-bis t-butybgeroxy)ég ég| Q@xg&g vw§¢77;2§
respectively, changgqd to 15 parts by yeight and 0

that the tenpera- tu+e—and—t+me—a—the third step of the stepw se el eva-
tion of tenperajytR ¥8LRefBangedst 0c}4@hkbekivklanfig3 ikdeks of the gel

moiety being defined as a value (B) obtained according
to the formula III:

B=—100 (W = Wo)/Hap = (W, - Wy) /My (IT1)

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.

The "intrinsic viscosity" mentioned herein.ﬁeans a
viscosity obtained by extrapolating a curve based on
the reduced viscosity against the concentration to
infinite diluti#&n. The "gel moiety" mentioned herein
corresponds to the rubber Shase.

When the intrinsic viscosity of the continuous .
styrene polymer phase is less than 0.6, the molecular
weighﬁ of the continuous styrene polymer phase is too
low, so that the flowability of the continuous styrene
polymer phaég becomes large and the strength of the
continuous styrene polymer phase is lowered. When the
.intrinsic viscosity .of the céntinuous styrene polymer
phase is larger than 0.9, it is difficult to prepare an
appropriate rubber-modified styrene polymer; using sqch
a styrene polymer. It is more preferred that the
intrinsic viscosity of the continuous styrene polymer

phase be from 0.65 to 0.85.



as indicated in Tabl| i Iggmaw R&r i1). The obt ai ned pol yner was

desi gnated as H PS-1 Lz had-gh laverage di aneter of rubber particles
of 0.12 [err]. Expanded foaned beadd and a foaned, nolded product were

prepared fromthe abbvie REREILISE Julstantially the sane ner '
Exanple 1. The propefties of the Sybstitute shegﬁﬂﬁﬂﬁﬁﬂggggﬂbggiﬂb§8
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rubber particles each having a core-shell sf&ucture
wherein a single particle of a styrene polymer is
occluded as a core in the rubber pérticle which consti-
tutes a shell, and 20 % by weight or less, based on the
weight of the dispérsed rubber phase, of flat rubber
particles each having a salami strueture wherein at
least two sfyrene polymer particles are occluded in
.each rubber particle.

There is no particular limitation with respect to
the weight of the foamed bead of the present invention.
However, it is preferred that the average weight of the
foamed bead be fzxom 0.2 to 2 mg, more preferably from
0.4 to 1.2 mg. Herein, the term "average weight of the
foamed bead" means a value obtained as an average
weight of 200 foamed beads randomly selected.

In another aspect of the présent invention, there
is provided a process for producing an expanded foamed
bead of a rugber-modified styrene polymer of the
present invention, which comprises:

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

(a) a continuous styrene polymer phase; and_

(b) a rubber phase dispersed in the continuous



obt ai ned expanded foi#%ﬁJggéﬁgNZégﬂﬁg med, nol ded product are shown in
Table 5. Wth respecy fo the obtaingd lexpanded foaned beads, the ratio b/a
was 35, the ratio a/f Wa@2PDJOLA&Nd -tjhe average wei ght was 0.70 ng. As is

apparent from Table b,jthe nol ded prlodquct obtai ned éﬁéﬁﬂt'ﬂ?sﬁp Ve 28 XP ed
f oamed beads was unsgtrsfacrory in cr gcki ng resiStfﬁﬁﬁr—iéﬁﬁﬁﬁgg+vtffggﬁp|e
6 Substantially the gane_polynerizatign p 9cedure as used for preparing

H PS-4 in Exanple 2 was repeated except that the rubber concentration of a

styrene

styrene polymer phase (a), comprising a plurality of
bﬁtadiene 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 moiéty 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 = (M - Wy)A, (IIT)

wherein W; represents the weight of the gel

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

represents_thé weight of the gel moiety

obtained by drying the swelled gel moiety,

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

(3) extruding the resultant molten, impregnated

rubber-modified styrene polymer into water, followed by
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by wei ght and 0.04 part by weight; and
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] in Table 6 (segiﬁépggg%gﬁ#ngﬁggg_‘

H PS-13. H PS-13 had an average di anet er
Expanded f oaned beads and a foaned,

he above HI PS-13 in substantially the

sane nanner as

regulated 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-iﬁpregnated,

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 surfact-

ant while agitating.

A foaming agent is introduced to

the aqueous medium under a pressure of, for example,

about 50 kg/cmzc, while heating at room temperature to

about 120 °C,

fied styrene polymer with the foaming agent.

method,

impregnatioh time.

to thereby impregnate the rubber-modi-.

In this

it is important to have a satisfactorily long

Examples of volatile foaming agents to be used fof

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-

‘cyclohexane
pentane and fdiehlorochexane; and halogenated hydrocar-~



Exanpl e -1. .The prop ﬁqﬁ%}@%ﬁh’ﬁ@@@@peobt ai ned ex- panded foamed beads and

f oamed,, nol ded product ares able 5. Wth respect to the obtained
f oanmed 69 Substifuie a4/ {7/{98 beads, the ratio b/a was 18, the
0 2ath.eg
»e

ratio a/c was 0.21,]a véfag i ght was 0. 75 dithstStd ShERAPABRAM/gg OM
bgads mg{g poor iTTT%ﬁ?TTﬁTWﬂTTWFTW‘?F

Tabl e 5, the above-pbt
foami ng agent gas and the ratio

vacuum-dried. The weight (W,) of the dried residue is
B
measured. The swelling index,45¥§§, is calculated
according to the following formula:
B=-100 « (W, = Wy} /Wy B = (W - W,)/W,

(7) Retention of a foaming agent:

Foamable beads are foamed with expansioh to obtain
~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
hours to thereby remove the moisture éresent in the
surface and inside of the foamed beads. The thus dried
foamed beads ar&:subjected to measurement of the reten-
tion of the foaming'agent in the foamed beads.

The refention of a foaming agent in an expanded,
foamed bead of the present invention can be measured as
follows:

About 5 g of expanded foamed beads are weighed
with an accﬁ;acy on the ordér of 0.01 g. The weighed
beads are placed in a glass flask havipg an opening at
a top thereof and having a volume of 1000 cm3. The
glass flask ﬁaving the beads placed therein is weighed
with an accuracy on the order of 0.01 g and then put
into a vacuum-deaerating apparatus which is controlled

at 180 °C to thereby deaerate at 60 mmHg (absolute

pressure) for 60 minutes. Then, the deaerated glass



of closed cells. Furt : rog t—mol ded product obtained fromthe
above foamed beads megﬁgﬁé Jﬁgﬂgﬁpgﬁﬁ iin cracking resistance and
" appear ance. Conpar atilve Eganple 7 Substantially the same procedure as used

for preparing H PS-2{in Srqi)ie1®W8( 1] ywas repeated except that the ratio of
H PS-1 to a polystyrgng resin was chinged to 160: 20§Ub$ﬁﬂ‘t?¢5ﬂhﬂeﬁar34/7/98
rubber-nodi fied styrgne polynmer was—uesi gnatg@d as H PS-14. The butadi - ene
content of H PS-14 was.calcul ated fronjthe nmass bal ance of the H PS-1 and
styrene polyner, and found to :

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. Wwhen 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 aﬁe designed so that the article rgceives
static stresses of 0.08 to 0.12'kg/cmsflrespectively,
from six faces, i.e., front and back faces, left and
right faces and®upper and lower faces of the packings.
The article protectedfby the four packings is
accommodated in container 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. 1In this case, packing 8 undergoes the great-
est load. éﬁen, the container is dropped one time with
each of three edges 15, 16 and 17 downwarxd, 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



be 3 Wt % Expanded_foaned beads and a nol ded product were prepared fromthe

above HIPS-14 in s,%§ Eﬁ@kﬁbbﬁ‘gﬂ@ﬁ ame manner as in Exanple 1. The

properties of the ¢bi ~exXpar f oamed beads and foaned, nol ded product
are shown in Table}5 gin\% o the obtained foErred begds EE iiab' 0.
b/a was 16, the ratio and the averag !
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are not dispersed {n a Ianellar confji guratgpn in the cross-section of the
cell wall.
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hours. Then, the temperature was elevated to 130 °C,
and the reaction was continued for 2 hours. Furthe;,'
the temﬁerature 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-

ethylbenzene
acted styrene andqbeaae&e—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 stranas were cut into pellets. The obtained
pellets of the rubber-modified styrene poljmer were
designated 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 wtk%.

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

to be 7 wts%.
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- Zﬁﬁﬁﬁgﬁﬁﬁﬁﬂﬂ@%%ﬁﬂped product obtai ned t herefrom was

~unsatisfacto- ry in pracCRIMy-resrstande. Conparative Exanple 8
. Substantially the sape 9 s {in Exanple 4 was repeated except that
Rorseliet-tp)

| tiher eby obt ai nlsqg,%,lg:r?@esﬁ#&eszgh/gg
f oamed beads havi ng appa#-em—-dens.l..u_es of 05018 g/ crB; _

H PS-10 was used in pl

102 °C, the following temperature conditioné l 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
temperature 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 #£:.040 g/cm3. The foamed beads having an
apparent density of 0.018'§/cm3 were subjected to
molding by means of the same molding die as used in
Example i,,thereby obtaining an ultimate foamed, molded
product having a bulk density of 0.%g"g/cm3. The
foamed beads hgving an apparent density of 0;023 g/cm3
were subjecéed to molding in the same manner as de-
scfibed above, thereby obtaining an ultimate foamed,
molded product having a bulk density of 0.§%ig/cm3.

The foamed beads having an apparent density of 0.040

g/cm3

were subjected to molding in the same manner as
described above, thereby obtaining an ultimate foamed,
molded product having a bulk density of 0a24lg/cm3.

With respect to each of the above three types of foamed
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€Ceomparative—Example—2-

used for preparing HIPS-1 in Example 1 (1) was repedted

except that

changed to 0

the amount of t-dodecylmercaptan was

.03 part by weight, and the tempefature in

the third step pf the stepwise elevation ¢f temperature

was changed to 150 °C as indicated in P&ble 6 (see

"HIPS-9"). 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 correspondihg thereto were prepared from

the above HIPS-9 in sy¥stantially the same manner as in

Example 1. - The progerties of the above-mentioned

foamed beads ang’foamed, molded product are shown in
Table 4. Wi respéct to the obtained foamed beads,
the ratig/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-

o trrerd— S o et o
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resistance.

Comparative Example -3-2

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 step 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 0.85 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 -4-3

Substantially the same polymerization procedure as
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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 indicated in
Table 6 (see "HIPS-11"). The obtained rubber-modified
polymer was designated as HIPS-1ll. HIPS-1l1l 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 foamed, 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
average weight was 0.68 mg. As is apparent from Table
4, the foamed beads were poor in the rfetention of a
foaming agent gas. Further, the foamed, molded product
obtained from the above formed beads was unsatisfactofy
in crackin§ resistance and appearance.
Comparativezsxaﬁple-stﬁv

Using HIPs-1, -4, and -6 individually, substané
tially the same procedure as in Example. 1l (2) and (3)
was repeated except that, in Example'l (2), the reten-
tion time in the melt-kneading site at 130 °C was
changed to 5 minutes, to thereby obtain expanded foamed

beads and a foamed, molded product. The properties of
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they can readily bej produced at a reIativegy | ow cost by the use of .
customary equi prrent{_Jln_addi- tion, Mhen a nol ded product produced fromthe
foaned bead of the present invention is nelted together with a

‘the above-mentioned fcamed beads and foamed, molded

product are shown in Table 4. With 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 ragios 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 £-5
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 1,1-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 teﬁperature were changed to 140 °C and 3 hours
as indicated in Table 6 (see "HIPS-12"). The obtained
polymer was designated as HIPS-12. HIPS-12 had an
average diameter of rubber particleé 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, molded

product are shown in Table 5.

With respect to the

obtained expanded foamed beads, the ratio b/a was 35,

the ratio a/c was 0.009, and the average 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 ¢

Substantially 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

the amounts of 1,1-bis(t-butylperoxy)cyclohexane and

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 was changed to 3 hours as indicated in

Table 6 (see "HIPS-13").

designated as HIPS-13.

of rubber particles of

The obtained peoclymer was
HIPS-13 had an average diameter

3.3 pum. 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 0.21,

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 -8.7

Substantially the same procedure as used for
preparing HIPS-2 in Example 1 (1) was repeated except
that the ratio of HIPS-1 to a polystyrene resin was
changed to 100:200. The resultant rubber-modified
styrene polymer was 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 exéanded foamed beads and foamed, molded
product are shown in Table 5. With respect to the
obtained foamed beads, the ratio b/a Qas-lﬁ, the ratio
a/c was 0.04, and the average weight'was 0.66 mg. As
is apparent from Table S, 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 therefrom was unsatisfacto-
ry in-cracking resistance.
Comparative Example -8~ 8

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 subjected to molding in substantially

the same manner as in Example 4, thereby obtaining

three types of molded products having bulk densities of
Oaégiblcm3, O.géég/cm3 and 0;£¥ﬂ§/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 wefe, respectively, 0.21, 0.15 and
0.15. As is apparént from Table 5, thé molded products
produced from these three types of foamed beads were
poor in pro;erties.
Industrial Applicability

The expanded foamed bead of a rubber-modified
stylene polymer of the present invention can bé used
for producing a molded product which is excellent in
cracking resistance. The molded product éan be advan-

tageously used as a cushioning material in packaging an

article having a relatively large weight which is
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CLAIMS:

1. An expanded foamed bead of a rubber-moqified styrene
polymer, comprising a plurality of closed cells
defined by cell walls which constitute a matrix for
said bead, each of said cell walls comprising two
surfaces separated by a distance equal to the
thickness of said cell wail,

said matrix comprising:
(a) a continuous styrene polymer phase; and
(b) a rubber phase dispersed in said
continuous styrene polymer phase (a),
comprising a plurality of substantially flat,
butadiene polymer rubber particles each
having at least one styrene polymer particle
occluded therein; '
wherein said flat rubber partiCles are
arrangeq in 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 thickness of said
cell wall, is substantially parallel 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%a/cs0.2 (I), and

: * [ L M 1 L



surfaces separated bqg?

d to the thickness of said cell wall,
said matri x canpri si i y us styrene paol ymer phase; and (b) a
rubber phase dispersgediin said contijnyous styrene pol ynmer phase (a),
conprising a pluralityjof23Ubkt@®i al Ily flat, butadi olg ru
particles each haVin; f | east one gt rene polyner pggﬁiﬁﬁg—gigﬁﬁéggﬁ—ﬁﬁL

therein; wherein saifl flat rubber particlgf are

105b/as40 | C(ID)
wherein a represents the thickness (um) of the
rubber particle as measured in terms of the length
of the short axis of said cross-section of the
rubber particle; b represents the diameter (pm) of
the rubber particle as measured in terms of the
length of said long axis of said cross-section of
the rubber particle, and c represents the thickness
(pm)of said cross-section of the cell wall.
2.The foamed ‘bead according to. claim 1, which has
an apparent density of from 0.014 to 0.100 g/cm’ .
3.The foamed bead according to claim 1 or 2,
wherein said continuous styrene polymer phase (a)
has an intrinsic viscosity of from 0.6 to 0.9 dl/g
as measured in toluene at 30°C., and said matrix
has a gel moiety with a swelling index of from 6.5
to 13.5, said gel moiety being defined as an
extraction residue of the extraction of said foamed
bead 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=(W1'.-W2)/Wz : . (III)

Wherein W; represents the weight of the gel moiety
swelled with toluene at 25°C., and W2 represents the
weight of the gel moiety obtained by drying said
swelled gel moiety.

4. The foamed bead according to claim 1 or 2,
wherein said flat rubber particle is comprised of

at least one butadiene polymer selected from the

A O
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group consisting of a polybutadiene and a styrene-
butadiene block copolymer.

5. The foamed bead according to claim 1 or 2,
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 styrene copolymer having a styrene content of
50% by weight or more.

6. The foamed bead according to claim 1 or 2,
wherein each 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 constitutes a shell.

7. The foamed bead according to claim 1 or 2,
wherein said dispersed rubber phase is comprised of
a mixture of 80% by weight or more, based on the
weight of said dispersed rubber phase, of flat
rubber particles each having a core-shell structure
wherein a single particle of a styrene polymer is ;
occluded as a 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 having a salami
structure wherein at least two styrene polymer

particles are occluded in each rubber particle.

I

N O
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ratio of the thickness (ﬁm) of the rubber pérticle, as
measured in terms of the length of the short axis of
the cross-section of the rubber particle, to the thick-
ness (pm) of the cross-section of the cell wall] is a
value obtained as an average of the values of ratio a/c
bétween the cross-section of the cell wall and each of
the 20 rubber particles randomly selected in the
cross-section of the cell wall. |

As mentioned above, in the-present invention, the
ratio a/c is in the range from 0.01 ﬁc 0.2. The ratio
a/c is preferably in the range from 0.01 to 0.1. When
the ratio ;/c is- less than 0.01, the thickness of the
rubber particle is too small relative to the thickness
of the cell wall, resulting in a lowering of the abili-
ty of the rubber particles to suppress ;he spread of a
crack through the styrene polymer phase, so that the
cracking resistance of an ultimate foamed, molded ’
product is Towered. On the other hand, when the ratio
a/c is larger than 0.2, the rubbef 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 low-
ered.

The thickness of the cross-section of the cell
wall is préferably in the range from 0.2 to 10 um, more

preferably from 0.3 to-S pum.
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cross-section of thdied] 1&&’ PHe| f oamed bead according to claiml,
“whi ch_has an apparernt jdensity of frém0.014 to 0.100 [err] 3. The foaned
bead according to cliaiim25afJ1219%hel et n ‘sai d conti nugus styrepe polyner
phase (a) has an intjriinsic viscosity of froghg 6 toﬂ%ﬂ§ﬂ§¥£%§§5§§%§é@Q§§Jn.
toluene at [err], and sard nmatrix has|a gel ety wwth a swelling index of
from6.5 to 13.5, saLdngeL_nDLeL¥_hELﬁg defined as an extraction residue of

the extraction of,5gh¢ LR3"Efle values a, b and ¢ are measured on the

electron photomicrograph.

The configuration of a flat rubber particle as
viewed in a dlrectlon perpendicular to the surfaces of
the cell wall is not specifically limited and can be
varied, for example, a circular, elliptic or polygonal

_configuration.

There is no particular limitatidn with respect to
the configuration of the foamed bead of the present
invention. Examples of morphologies of tﬁe foamed bead
include a sphere, a cylinder, and an ellipsoid.

In the pre#%ent invention, it is preferred that the
foamed bead have an appa:éﬁt density of from 0.014 to
0.100 g/cm3. It is more preferred that the apparent
density be from.0.014 to 0.07 g/cm3. When the apparent
density is.less than 0.014 g/cm3, the ratio of closed
cells of the foamed bead is low, and also the strenéth
of an ultiméke foamed, molded product is low. On the
other hand, when tﬁe apparent density is largexr than
0.100 g/cm3, the amount of the rubber-modified styrene
polymer used is disadvantageously increased, so that
the cost is increased.

In the foamed bead of the present invention, the
fact that the flat rubber particles are arranged in

sbecific lamellar configuration along the thickness of
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consisting of a polybutadiene and a styrene-butadiene

block copolymer.

It is also preferred that the continuous styrene

polymer phase (a) be comprised of at least one styrene

polymer selected ffom the group 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 butadiene

polymer rubber particles are dispersed in a styrene

polymer.

In general, dispersion of butadiene polymer

rubber particleszin a styrene polymer can be attained

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 a

styrene polymer having rubber particles dispeésed

therein; or’(2) a method in whicﬁ a butadiene polymer

rubber is mechanically blended with a styrene polymer.

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 preferred

to use the dispersing method (2) (mechanical disper-

sion) since when a rubber component is mechanically
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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 rubber phase, of rubber particles
each having a diameter of 1 pm or less and having a
core-shell structuie wherein a single particle of a
styrene polymer is occluded as a cofe in the rubber
particle which constitutes a shell, and 20 % by weight
'or'less, based on the weight of the dispersed rubber
phase, of rubber particles each having a salami struc-
ture wherein at least two styrene polymer particles are
occluded in.each rubber particle. In this case, it is
more preferred hat each rubber particle having a
core-shell structure have a diameter of from 0.1 to

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

With respect to the rubber-modified styrene poly-
mer to be used' in the present invention, when a rubber
partiéle has a core-shell structure and has a2 diameter
of 1 um or i;ss, even dispersion of flat rubber parti-
cles in the cell walls of a foamed bead can be ob-
tained. Especially in the case of the production of a
highly expanded foamed bead, in which the thickness of
a cell wall is small, rubber particles each having a
diameter as small as 1 um or less are suitable for
facilitating even dispersion of flat rubber particles

in the cell walls of a foamed bead. On the other hand,



and a styrene copoly fyi-ene content of 50% by wei ght or nore.
6. The foamed bead a J@?ﬁgx 1¢%%qﬁﬁﬁi or 2, wherein each flat rubber
particle has a core-shsl struchaég Whérein a single particle of a styrene
pol yfrer is occluded &s ja 2&r Ul id qubber parti cl . C nsti

shell. 7. The foaned {bdad according ffofclaiml or—Qgﬁﬁ%%tgﬂ%gﬁggh'2gkgéﬁged
rubber phase is conprii sed™of a m xture{of 88% by wei ght or nore, based on
se, of flat

t he melght of sald dijspersed rubber

rubber partlcles each havmng a core-shell structure
wherein a single particle of a styrene polymer is
occluded as a core in the rubber particle which consti-
tutes a shell, and 20 % by weight or less, based on the
weight of the dispérsed rubber phase, of flat rubber
particles each having a salami-struuture wherein at
least two styrene polymer particles are occluded in
each rubber particle.

There is no particular limitation with respect to
the weight of the foamed bead of the present invention.
However, it is preferred that the average weight of the
foamed bead be from 0.2 to 2 mg, more preferably from
0.4 to 1.2 mg. Herein, the. term "average weight of the
foamed bead" means a value obtained as an average
weight of 200 foamed beads randomly selected.

In another aspect of the present invention, there
is provided a process for producing an expanded foamed
bead of a rugber—mbdified styrene polymer of the
present invention, which comprises:

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

(a) a continuous styrene polymer phase;

(b) a rubber phase dispersed in the continuous



particle of a styreng ed as a core in said rubber particle
“which constitutes a shell,_and 20% melght or |ess, based on the weight
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cutting of the extruded polymer, and

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

The rubber-modified styrene polymer to be used for
producing an expanded foamed bead of the present inven-
tion can be prepared by a customary ﬁethod, such as a
bulk polymerization method, a combined method of bulk
.polymerization and suspension polymerization, or an
irradiation polymerization method.

For example, the bulk polymerization method can
be practiced as foilows:

First, a batadiene polymer rubber is dissolved in
a styrene monomer and the resultant solution is sub-
jected to polymerization at an elevated temperature
while stirring.

Examples of butadiene polymer rubbers include
polybutadienes (including low-cis polybut;diéne having
a cis-1,4 a&éition content of 35 %, a trans-1,4 addi-
tion content of 52 % and a 1,2 addition content of
13 %; and high-cis polybutadiene having a cis-1,4
addition content of 90 to 98 %, a trans-1,4 addition
content of 1 to 4 % and a 1,2 addition content of 1 to
6 %), a styrene-butadiene copolymer (a random SBR and a
block SBR), a polyisoprene, and a butadiene-isoprene

block copolymer. Of these examples, polybutadiene and
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B. . A process for prpducing an ex added f oaned bead of a rubber-nodified
styrene pol ymer of clairlﬂ, JHLJR%8 onprii ses: (1) el §;kneadi n

rubber-nodi fied styrepe| pol ynmer mﬁth1g foam n ent—rn—gﬁ—exﬁﬁgge£5¢55¥% rm
a nolten m xture thergin, sard rubber - fodi fi & styrene polyner conpri si ng:
(a) a continuous styrene polyner phase:

obtaining a polymer having a high quality, a polymerl-

zation initiator may preferably be employed. Examples
of initiators include peroxyketals, such as l,1-bis(t-~
butylperoxy)cyclohexane; dialkyl peroxides, such as
di-t-butyl peroxidé; diaryl peroxides, such as benzoyl
peroxide; peroxydicarbonates; peroxfésters; ketone
peroxides; and hydro peroxides.

A chain transfer agent may be used for the poly-
merization reaction. Examples of chain transfer agents
include c-methylstyrene dimer; mercaptans, such as n-
dodecyl mercaptan, t-dodecyl mercaptan, l-phenylbutene-
2-fluorene, dipghtene and chloroform; terpenes; and
halides. o

The reaction temperature is generally in the range
from 50 to 170 °cC, preferably from 90 to 155 °C. The
reaction temperature may be constant or may be gradual-
ly elevated during the reaction. When a gradual eleva-
tion of reaé&ion temperature is to be conducted, the
temperature may, for example, be elevated stepwise in a
manner such that the temperature is elevated ‘2 or more
times at a temperature elevation rate of 0.2 to
2 °C/minute, preferably 0.4 to 1.5 °C/minute. The
reaction is continued until a desired conversion has
been achieved. After completion of the reaction, the

unreacted monomer and any solvent used are removed by,



(b) a rubber phase wﬁﬁﬁ?ﬁ%ﬁﬁj*continuous styrene pol yner phase (a),

conpri sing a pluraljt; “BHt-acki-e ol ynmer rubber particles each having at
| east one styrene pplyner paLLé@ée odcl uded therein, wherein said

conti nuous styrene po y|295JH a (&) lhas an in- trigystitifteSsingdtt y2af7/680m

0.6 to 0.9 dl/g as pepsured in toluene at 30 C, and saird rubber-nodiiired -
styrene polyner has}{a gel noiety withl a s ling index of from®6.5 to 13.5,
said gel noiety bei- ' - traction residue of the extraction

of said rubber- ipdl TLe0h 5 Y. 8RS A% YTy Lo A0 88N e %0 LEfELnesal

polymer, the styrene polymer blocks bound together are

unified into the continuous polystyrene phase, while a
portion of the styrene monomer enters into the butadi-
ene polymer-blocks-bound together, so that the butadi-
ene polymer blocks together form a ghell around a core
formed of a single particle of the styrene polymer.

. In general, for efficiently forming dispersed
rubber particles having a core-shell structure, there
can be used, for example, a method in which the affini-
ty of the butadiene polymer ﬁo 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 which the rate and time
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, foémation of disperséd rubber particles having
a core-shell structure can be achieved'by appropriately
choosing reaction conditions for producing a -rubber-
modified styrene polymer. With respect to the details
of the appropriate conditions, reference can be made
to, for example, Unexamined Japanese Patent Application
Laid-Open Specification No. 60-130613.

On the other hand, for forming dispersed rubber
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ization, to thereby obtain a mixture of a partially
polymerized styrene polymer and the remaining styrene
monomer. The obtained mixture is stirred and dispersed
in an aqueous medium in the presence of a suspension
stabilizer and a sﬁrfactant, and subsequently a suspen-
sion polymerization is allowed to pfoceed in the later
stage. Ajter completion of the suspension polymeriza-
tion, the resultant rubber-modified styrene polymer is
washed and dried. If desired, the obtained polymer can
be formed into pellets or a powder.

Additives can be added to the rubber-modified
styrene polymer# such as a dye, a pigment, a lubricant,
a filler, a releasing ageﬂE, a plasticizer, an anti-
static agent, a foam-nucleating agent and a stabilizer
to ultraviolet rays, as well known in the art.

In the present invention, an expandable, foamable
polymer particle, an expanded foamed bead of a rubber-
modified stf;ene polymer of the present invention and
an ultiﬁaté foamed,-molded product can be obtained as
follows:

The abo&e-obtained rubber-modified styrene polymer
is impregnated with a foaming agent. For impregnating
a rubber-modified styrene polymer with a foaming agent-

and molding the resultant impregnated polymer with in

situ foaming and- expansion, there can be advantageousiy



represents the me|93£“§ﬁﬁgyg ) e|gﬁLthy obt ai ned by drying said swelled gel
‘noiety, .(2) retaini by" 2 p--t-eR-f xt ure at 130 [err] or higher for 15

m nutes or nore undeérja pressu off from50 to 300 [err] in said extruder
to thereby inpreg- s £§| @J{?ggerrrrodlfled styren%mtﬁm st 52 fos
foam ng agent, (3) éxtruding the rebu}tant gglte THpr egrated
rubber-nodi fi ed styfene polyner into water, “Pollowed by cutting of the
extruded pol yner, and.{4)-heati-rg—the! cut, inpregnated rubber-nodified

lasticity of the continuous styrene polymer phase and
the viscoelasticity of the dispersed rubber phase so
that the specific dispersion morphology of the :ubber
particles (wherein the rubber particles are dispersed
in’ substantially fiat forms) can be obtained, it is
effective to retain the molten mixtufe of the rubber-
modified styrene polymer and the foaming agent in the
.extruder at 130 °C or higher for 15 minutes or more,
pfeferabiy for 20 minutes or more under a pressure of
from 50 to 300 kg/csz, preferably from 100 to
200 kg/cszl The reason for this has not yet been
elucidated, butapresumably resides in that both the
rubber cqmponenf and the styrene polymer are suffi-
ciently and uniformly impregnated with the foaming
agent to appropriately plasticize the rubber component.

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

On the other hand, when the pressure is -lower than
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
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bons, such as methyl chloride, ethyl chloride, methyl
bromide, d;chlorodifluoromethane, 1,2-dichlorotetra~
fluoroethane and monochlorotrifluoroethane.

The foamable pellets or particles of a rubber-
modified styrene pblymer impregnated with a foaming
agent can be expanded and foamed using steam'by means
of a conventional machine used for producing foamed

-polystyrene beads to obtain expanded foamed beads of a
rubber-modified styrene polymer. In the operation for
expansion and foéming of the foamable pellets or parti-
cles, heating is conducted at a temperature of from 95
to 104 °C for 18:=to 150 seconds, preferably for 20 to
60 seconds, '

As an élternative method of expanding pellets or
particles of a rubber-modified styrene polymer impreg-
nated with a foaming agent, there can be employed a
method in which the pellets or particles are subjected
to annealiné.in warm water before the heating for
expansion and foaming, so that expanded foamed beads,
each having a uniform cell size, can be obtained.

The expanded foamed beads of a rubber modified
styrene polymer of the pfesent invention can be sub-
jected to molding by means of a conQentional molding
machine for producing foamed, molded polystyrene

products, in which the expanded foamed beads are fu-
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structed of a circular wire net having a diemeter
slightly smaller than the inner diameter of the cylin-
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 then, the
beads are completely submerged in the water by means of
the pushing tool to obtain level H, (cm3). The appar-
ent density of the bead, p (g/cm3), is obtained accord-
ing to the following formula: .

P = W/igH, - Hy)
wherein W repreeents the total weight of the foamed
beads, H; represents the water level before the foamed
beads are placed in the cylinder, and H, represents the
water level after the foamed beads are completeiy
submerged in the water. | o
(2) Bulk dehsity of a foamed, molded product:

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

= G/v
where G represents the weight of a foamed, molded
produét sample, and V represents the volume of the

foamed, molded product sample.
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S = 100 « (V, - W/p) / (V, - W/D) (%)

wherein V, represents a sum of the volume of the matrix
of the foamed bead and the total inner volume of the
closed cells in the foamed bead, V5 represents a sum of
the volume of the matrix of the foamed bead, the total
inner volume of the closed cells in the foamed bead and

the total inner volume of the open cells in the foamed
bead, W represents the weight of the foamed bead, and

p represents the density of the matrik.

Evaluation is made according to the following

criterions:

%

Mark . _ Ratio of_closed cells
@) S(%) 2 90 8

@] 80 % £ S(%) < 90 %
A 80 % g S5(%) <85 %
x S(%) < 80 %

(4) Averagg particle diameter of rubber particles:

An ultrathin section of a rubber-modified styrene
polymer is prepared. The prepared ultrathin section is-
stained with osmium tetréoxide and, then, subjected to
electron microscopy. On the obtained photograph, 500
rubber particles are randomly selected and the respec- .

tive diameters of the rubber particles are measured.



