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This invention relates to expandable styrene resin

beads which -do not need aging at a low temperature and, when

pre-expanded, show little variation in the state of the

cells, i.e., expandable styrene resin beads which hardly

undergo influences of storage conditions, and a suspension

polymerization process for obtaining the same.

particularly, the present invention relates to expandable

More

stYrene resin beads which produce an expansion molded article

having markedly excellent outer appearance and excellent

mechanical strength and a suspension polymerization process

for obtaining the same. The beads obtained by the invention

are useful for the production of expahsion molded articles,

such as fish boxes, returnable cases, heat insulating

materials, structural materials (e.g., a drain pan), and

cushioning materials for packaging.

BACKGROUND OF THE INVENTION

Expandable styrene resin beads are a socially useful

material which is relatively cheap and can be expansion

molded with low-pressure steam, etc. without requiring any

- special technique to provide high cushioning and heat

insulation effects.
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mechani cal strength and a suspensi on pol yneri zati on process for obtaining

t He same. The beads obtai ned by the invention are useful for the production
of expansi on nolded articles, such as fish boxes, returnabl e cases, heat
insulating materials, structural materials (e.g., a drain pan), and
cushioning materials for packagi ng. BACKGROUND OF THE | NVENTI ON Expandabl e
styrene resin beads are a socially useful material which is relatively
cheap and can be expansion nolded with | ow pressure steam etc. w thout

requiring any Sechilud el ih | xPaidasFe " PR 80 1% 805 "S3E pre-
expanded after storage, the resulting pre-expanded styrene
resin beads show changes in the state of the cells depending
on the conditions of the storage of the expandable styrene
resin beads. That is, the pre-expanded beads tend to suffer
from cell roughening (a phenomenon that cells become
extremely large) or cell unevenness. An expansion molded
article obtained from such pre-expanded styrene resin beads
tends to have considerably impaired appearance;or strength.
In order to overcomé this problem, use of a special
nucleating agent or introduction of a stabilization technique
comprising maintaining expandable beads at a low temperature
for a long period of time (called aging) has been proposed.
However, these methods impose restrictions on various
conditions, such as conditions of production, and cannot
therefore be an ultimate solution to the problem.

| SUMMARY OF THE INVENTION
In order to solve the problem, the inventors of the

present invention have conducted extensive study and, as a
result, found that an expansion molded article with markedly
improved appearance can be obtained by reducing the number of
voids in the vicinity of the surface of expandable styrene
resin beads (conventional expandable resin beads have about
200 to 500 voids per mm? on average uniformly distributed
throughout the individual beads). They have also found that

cells of pre-expanded beads can be stabilized by not only
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2 However, when expandabl e styrene resin beads are pre- expanded after
st'orage, the resulting pre-expanded styrene resin beads show changes in the
state of the cells depending on the conditions of the storage of the
expandabl e styrene resin beads. That is, the pre-expanded beads tend to
.suffer fromcell roughening (a phenonenon that cells becone extrenely

| arge) or cell unevenness. An expansion nolded article obtained from such
pre- expanded styrene resin beads tends to have considerably inpaired

appear ance Qly i Uil Al Ys o HE L End 'V EPLORY, S0k LRE BLad SPeCi @

surface but slightly increasing the number of voids present
in the inside of the individual beads over the number
generally observed in conventional expandable resin beads,
thereby providing an expansion molded article with excellent
appearance, beautiful surface, and sufficient mechanical
strength. The present invention has been completed based on
these findings.

The invention provides an expandablé styrene resin
bead containing voids therein, wherein the number of the
voids present in the area from the surface of the bead to a
depth of 0.1 mm along the radial direction is not more than
100 per mm’ as counted on a cross section passing through
approximately the center of the bead.

The invention also provides an expandable styrene
resin bead containing voids therein, wherein the number of
the voids present in the area except the area from the
surface of the bead to-a depth of 0.3 mm along the radial
direction is not less than 250 per mm? as counted on a cross
-section passing through approximately the center of the bead.

The invention further provides a process for
producing expandable sﬁyréne resin beads as one of processes
for obtaining the above-described expandable styrene resin
beads. That is, the invention provides a process for
producing expandable styrene resin beads comprising

suspending a styrene monomer in an aqueous medium in the
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nucl eati ng agent or introduction of a stabilization technique conprising
nei nt ai ni ng expandabl e beads at a |l ow tenperature for a long period of tine
(cal l ed agi ng) has been proposed. However, these nethods inpose
restrictions on various conditions, such as conditions of production and
cannot therefore be an ultimate solution to the problem SUMVARY OF THE

| NVENTION In order to solve the problem the inventors of the present

i nventi on have conducted extensive study and, as a result, found that an

CxPATSLON TGO aE 0P B AR IREUE b APLGKBETRE DANGE, BATOREATH! o "o
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about
polymer'beads, wherein the process further comprises adding

an alkali metal or ammonium salt of persulfuric acid to the
reaction system in an amount of 0.5 to 30 ppm based on the
aqueous medium while the degree of conversion of the monomer
is in the range of from 0 to 30% and adding an electrolyte to
the reaction system in a concentration of 0.02 to 5.0 mol/1
based on the aqueous medium at the point when the degree of
conversion of the monomer is 30% or higher. -

In the above-described process for producing
expandable styrene resin beads, it is preferable that at
least one member selected from the group consisting of
polyethylene wax, ethylene-bisamide, hexabromocyclododecane,
talc, and a methacrylic acid lower alkyl ester copolymer
containing not less than 5% by weight of a methacrylic acid
lower alkyl ester unit be present in the aqueous medium in a
concentpation of 0.0001 to 0.95% by weight based on the
styrene monomer.

DETAILED DESCRIPTION OF THE INVENTION

The expandable styrene resin bead of the present
invention contains not more than 100, preferably 0 to 70,
voids per mm? in the area from the surface to a depth of
0.1 mm along the radial direction as counted on a cross
section passing approximately the center of the.individual

bead (hereinafter sometimes referred to as a surface area).
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200 to 5600 voids per [err] on average uniformy distributed throughout the
I ndi vi dual beads). They have al so found that cells of pre-expanded beads
~can be stabilized by not only 3 reduci ng the nunber of voids in the
~vicinity of the bead surface but slightly increasing the nunber of voids
present in the inside of the individual beads over the nunber generally
.observed in conventional expandabl e resin beads, thereby providing an
expansion nol ded article with excellent appearance, beautiful surface, and

sutficient mechani Cff the pumber of the voids in the surface area is too
large, the expandable beads fail to produce an expansion
molded article with excellent appearance.

From the standpoint of mechanical strength of the
‘resulting expansion molded article, it is more preferred that
the number of the voids present ih the area except the area
from the surface of the bead to a depth of 0.3 mm along the
radial direction is not less than 250 per mm?, particularly
preferably not less than 350 per mm?, especially preferably
not less than 500 per mm? and not more than 10000 per mm?, as
counted on a cross section passing through approximately the
center of the bead.

The term "voids" as used herein is intended to denote
small holes of about 0.1 to 30 pum in diameter present in the
expandable styrene resin beads. The voids may contain in the
inside thereof substances other than polystyrene, e.g.,
water, a blowing agent, a solvent, a plasticizer, a residual
monomer, etc.

The number of voids is 6btained by preparing a slice
passihg thrpugh about the center of an expandable styrene
resin bead with a microtome, taking a micrograph of the slice
under a scanning electron:microscope, counting the number of
the voids on the micrograph, and converting the number into
the number per mm?. The approximate number of voids can be
obtained more easily by observing an expandable styrene resin

bead under a transmission optical microscope as soaked in a
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strength: The present invention has been conpl eted based on these findings.
THe i nvention provides an expandabl e styrene resin bead containing voids
therein, wherein the nunber of the voids present in the area fromthe

. surface of the bead to a depth of 0.1 mmalong the radial direction is not
~nore than 100 per [err] as counted on a cross section passing through
approxi mately the center of the bead. The invention also provides an
expandabl e styrene resin bead containing voids therein, wherein the nunber

of the voids rgs e nﬂé?e area ﬁ cept the ﬁ fron1the surface of the
bead to a dEPEFEG 2 %) 8fdUPhENPaBPENtaNRELREOR FEIRECHIFSs index 250

per [err] QQbSQHnigglo?e. ¢l O88der wood 0il of first grade, a product of

Kishida Kagaku K.K.; refractive index = 1.514 to 1.522) so as
to have its refractive index regulated.

The expandable styrene resin beads of the present
invention preferably have a bead.size of 0.3 to 3 mm.

Methods for producing the above-described expandabie
styrene resin beads include a process comprising dispersing a
styrene monomer in an aqueous medium in the presence of an
initiator and a suspending agent and, after commencing a
polymerization reaction, adding an alkali metal salt or
ammonium salt of persulfuric acid to the reaction system in
an amount of 0.5 to 30 ppm by weight based on the aqueous
medium while the degree of convefsion of the monomer is in
the range of from 0 to 30% by mole, and adding an electrolyte
to the reaction system in a concentration of 0.02 to
5.0 mol/1l based on the agqueous medium at the point when the
degree of conversion of the monomer is 30% or higher by mole
to complete suspension polymerization, and adding a blowing
agent during the suspension polymerization or impregnating
the resulting polymer bead wiih a blowing agent to obtain
expéndable styrene resin beads having a bead size of, e.g.,
0.3 to 3 mm.

The styrene monomeré which can be used in the present
invention include styrene, a-methylstyrene, o-methylstyrene,

m-methylstyrene, p-methylstyrene, vinyltoluene, p-
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section passing through approximately the center of the bead. The invention
further provides a process for produci ng expandabl e styrene resin beads as
one of processes for obtaining the above-descri bed expandabl e styrene resin
~beads. That is, the invention provides a process for produci ng expandabl e
-styrene resin beads conprising suspending a styrene nononer in an aqueous
mediumin the 4 presence of an initiator and a suspendi ng agent to

obt ai n pol ymer beads, and incorporating a blow ng agent into the

ethylstyrene, 2,4-dimethylstyrene, p-methoxystyrene, p-
phenylstyrene, o-chlorostyrene, m-chlorostyrene, pP-
chlorostyrene, 2,4-dichlorostyrene, p-n-butylstyrene, p-t-
butylstyrene, an—hexYlstyrene, p-octylstyrene,
styrenesulfonic acid, and sodium styrenesulfonate. The
styrene monomers may be used in combination with various
vinyl monomers, such as alkyl acrylates having 1 to 10 carbon
atoms in the alkyl moiety thereof, e.g., methyl acrylafe,
ethyl acrylate, propyl acrylate, butyl acrylate, and 2-
ethylhexyl acrylate; alkyl methacrylates having 1 to 10
carbon atoms, e.g., methyl ﬁethacrylate, ethyl methacrylate,
propyl methacrylate, butyl methacrylate, and 2-ethylhexyl
methacrylate; hydroxyl-containing unsaturated compounds,

- e.g., hydroxyethyl acrylate, hydroxyethyl methacrylate,
hydroxypropyl acrylate, hydroxypropyl methacrylate,
hydroxybutyl acrylate, and hydroxybutyl methacrylate;
nitrile-containing unsaturated compounds, e.g., acrylonitrile
and methacrylonitrile; organic écid vinyl compounds, é.g.,
vinyl acetate and yinyl prbpionate; unsaturated monoolefins,
e.g., ethylene, propyleng, l-butene, 2-butene, and isobutene;
diene.compounds, e.qg., butadiene, isoprene, and chloroprene;
halogenated vinyl compounds, e.g., vinyl chloride, vinylidene
chloride, vinyl bromide, and vinyl fluoride; vinyl ketones,
e.g., vinyl methyl ketone, vinyl ethyl ketone, and vinyl
hexyl ketpne; vinyl ethers, e.g., vinyl methyl ether, vinyl

ethyl ether, and vinyl isobutyl ether; N-vinyl compounds,
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pol.ymer beads, wherein the process further conprises adding an al kali netal
or ammoni um salt of persulfuric acid to the reacti.on systemin an anount of
0.5 to 30 ppm based on the aqueous nedi um while the degree of conversion of
the nmononer is in the range of fromO to 30% and addi ng an electrolyte to
the reaction systemin a concentration of 0.02 to 5.0 nol/| based on the
aqueous nedium at the point when the degree of conversion of the nononer is
30% or higher. In the above-descri bed process for produci ng expandabl e
styrene resin beaﬁs,,i rﬁferable that at | east one nenber sel ected

fromthe gr8uf-¢o §V%P%ﬁé§6 OpdApaenhy Newd nibindaliey dteripyslaanhazole,

hexabr omoey gl gdgdes At pykbie; *amiAeTobnas i NG A0l dumer Al Kyl ester

copol yner g compounds,
e.g., acrylamide, methacrylamide, N-methylolacrylamide, and
N-methylolmethacrylamide; unsaturated carboxylic acids, e.gqg.,
acrylic acid, methacrylic acid, and itaconic acid; maleimide
compounds, e.g., N-phenylmaleimide, N-
(methyl)phenylmaleimide, N-(hydroxy)phenylmaleimide, N-
(methoxy)phenylmaleimide, N-benzoic acid maleimide, N-
methylmaleimide, N-ethylmaleimide, N-n-propylmaleimide, N-
isopropylmaleimide, N-n-butylmaleimide, N-isobutylmaleimide,
and N-t-butylmaleimide; crosslinking polyfunctional vinyl
compounds, e.g., divinylbenzene and ethylene glycol
dimethacrylate; and epoxy-containing unsaturated compounds,
e.g., glycidyl acrylate and glycidyl methacrylate.

The initiator for use in the process of the present
invention includes azo compounds, such as
azobisisobutyronitrile, and monomer-soluble initiators, such
as cumene hydroperoxide, dicumyl peroxide, t-butyl peroxy-2-
ethylhexanoate, t-butyl peroxybenzoate, benzoyl peroxide, t-
butyl-peroxyisopropylcarbonate; t-butyl peroxy-2-
ethylhexYlmonocarbonate, and lauroyl peroxide. The initiator
is usually used in an amount of 0.0l to 3 parts by weight per
100 parts by weight of the total monomeré charged.

The suspending agent for use in the process of the
present invention includes those commercially available, such

as water-soluble polymers, e.g., polyvinyl alcohol, methyl

-
eet Has Been Re‘laced

o



cont ai ning not |less than 5% by wei ght of a nethacrylic acid | ower alkyl
ester 'unit be present in the aqueous nmediumin a concentration of 0.0001 to
0. 95% by wei ght based on the styrene nononer. DETAILED DESCRI PTI ON OF THE

I NVENTI ON The expandabl e styrene resin bead of the present invention
contains not nore than 100, preferably O to 70, voids per nmm2 in the area
fromthe surface to a depth of 0.1 mmalong the radial direction as counted
on a cross section passing approxinately the center of the individual bead

h f fe I |
(hereinafter pRIR P A8 8519915018580 0a5° 2h§2L1ightly soluble

inorganic salts, e.g., magnesium pyrophosphate and tricalcium
phosphate. These suspending agents may be used in
combination with surfactants. 1In particular, the slightly
soluble inorganic salts are preferably used in combination
with anionic surfactants, such aé sodium alkylsulfonates and
sodium dodecylbenzenesulfonate.

The suspending agent is preferably used in an amount
of 0.01 to 5.0 parts by weight per.100 parts by weight of the
total monomers charged. Where a combination of the slightly
soluble inorganic salt and the aﬁionic surfactant is used,
the slightly soluble inorganic salt is used in an amount of
0.05 to 3.0 parts by weight, and the anionic surfactant is
used in an amount of 0.0001 to 0.5 part by weight, each per
100 parts by weight of the total monomers charged.

The alkali metal or ammonium salt of persulfuric acid
for use in the process of the present invention includes
potassium persulfate, sodium persulfate, and ammonium
persulfate.

It is essential for the alkali metal persulfate or
ammonium persulfate to be added to the reaction system while
the degree of conversion of the styrene monomer is in the
range of from 0 to 30%, preferably 0 to 20%. If it is added
after the polymerization has proceeded over the prescribed
range, it is difficult to provide a sufficient amount of

voids in the inside of polymer beads. As far as the
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5 I.f the-nunber of the voids in the surface area is too |arge, the
-exXpandabl e beads fail to produce an expansion nolded article wth excell ent
appear ance. From the standpoint of mechanical strength of the resulting
expansi on nol ded article, it is nore preferred that the nunber of the voids
present in the area except the area fromthe surface of the bead to a depth
of 0.3 mmalong the radial direction is not |ess than 250 per mm2,
particularly preferably not |ess than 350 per nmm2, especially preferably

t | th d th 10000 .. ted
gg a gfzss g@%?longgﬁségﬂﬁé?ﬁ?gﬁ KmﬁggFg§F93P§P§eﬂh§gir 1| G in'the

above range, the alkali metal persulfate or ammonium
persulfate may be added either all at once or in two or more
divided portions. The alkali metal persulfate or ammohium
pepsulfate is added in an amount of 0.5 to 30 ppm by weight,
preferably 0.5 to 20 ppm by weight, based on the aqueous
medium (all the water content présent in the polymerization
system; hereinafter the same). If the addition amount is too
small, it is difficult to provide a sufficient amount of
voids in the inside of polymer beads. If it is too large,
the number of the voids.in the surface area would be too
large, tending to fail to provide an expansion molded article
with excellent appearance.

The electrolyte for use in the process of the present
invention is not particularly limited as far as it is
dissociated into ions in an aqueous solution. Examples.oﬁ
suitable electrolytes include inorganic salts, such as
lithium chloride, sodium chloride, magnesium chloride,
potassium chloride, calcium chloride, ammonium chloride,
sodium sulfate, magnesium sulfate, potassium sulfate,
aluminum sulfate, ammonium sulfate, sodium nitrate, magnesium
nitrate, potassium nitrate, calcium nitrate, sodium
carbonate, magnesium carbqnate, potassium carbonate, calcium
carbonate, and émmbnium'carbonate; and water-soluble alkali
metal salts of carboxylic acids, such as potassium acetate,
sodium acetate, sodium octanoate, sodium benzoate, and
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center of the bead. The term "voids" as used herein is intended to denote
small holes of about 0.1 to 30 [err] in dianeter present in the expandable
styrene resin beads. The voids may contain in the inside thereof substances
other than polystyrene, e.g., water, a blow ng agent, a solvent, a
plasticizer, a residual nonomer, etc. The nunber of voids is obtained by
preparing a slice passing through about the center of an expandabl e styrene
resin bead with a microtome, taklng a n1crograph of the sllce under a

ccanning o S54LASR SLEREANER, MR LHS JUTRer Ol Naids on the

ni cr ogr aph, CONvertri
apprOXInatepQgggggeat VBYI34632iBR of a small amount of sodium chloride,

expandable styrene resin beads having a small number of voids
in the surface area thereof which are capable of becoming an

expansion initiating sites can.be obtained with ease. Sodium
chloride is also advantageous for its industrial availability
at low cost and in quantity.

It is essential for the electrolyte to be added when
the degree of conversion is 30% or'higher. If the
electrolyte is added when the degree of conversion is lower
than 30%, the above-specified void distribution of thé
present invention cannot be obtained; the resulting
expandable resin beads tend to become coarse beads or undergo
deformation; and'under some conditions the suspension state
under polymerization tends to become instable and form
masses. The electrolyte is preferably added when the degree
of conversion is 50 to 100%, more preferably 75 to 100%.

The electrolyte is added in the form of powder or an
agueous solution. As far as the degree of conversion falls
within the above range, the electrolyte may be added either
all at once or in several divided portions. For the purpose
of pH adjustment of the aqueous medium, a small amount of the
electrolyte may aléo be added before the degree of conversion
reaches 30% provided that the suspension state does not
become instable and the objects of the present invention are
not impaired. _
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obt.ai ned- nore easily by observing an expandabl e styrene resin bead under a
transm ssion optical mcroscope as soaked in a 6 refractive index

adj usting agent having a refractive index of about 1.51 (e.g., ceder wood
oil of first grade, a product of Kishida Kagaku K K.; refractive index =
1.514 to 1.522) so as to have its refractive index regul ated. The
expandabl e styrene resin beads of the present invention preferably have a
bead size of 0.3 to 3 mm Methods for producing the above-descri bed

expandabl e '
P The degree of conversion can be determined by a

specific gravity method, infrared absorption analysis, gas
chromatography, and the like.

The amount of the electrolyte to be added after the
degree of conversion reaches 30% is 0.02 to 5.0 mol/1,
preferably 0.03 to 1.0 mol/1, baéed on the agqueous medium.
If the amount is too small, the number of the voids in the
surface area increases, and the resulting expansion molded
article has poor_appearance. If the amount is too large, it
is difficult to conduct polymerization stably so that the
suspension tends to form masses, and no further effect
corresponding with the increase in amount results.

According to the process of the present invention, a
blowing agent is added during the suspension polymerization
or after completion of the suspension polymerization to
incorporate the same into the polymer beads to provide
expandable polymer beads.

Examples of suitable blowing agents include physical
blowing agents, such as aliphatic hydrocarbons, e.g.,
propane, n-butane, isobutane, n-pentane, isopentane,
neopentane, and hexane, alicyclic hydrocarbons, e.qg.,
cyclobutane and cyclopentane, and halogenated hydrocarbons,
e.g., methyl chloride and dichlorofluoromethane; and
inorganic gases, such as carbon dioxide, nitrogen, and
ammonia. These blowing agents may be used either

individually or as a combination of two or more thereof. The
_ﬂ—_______ﬂ_ﬂ_ﬂ__;
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'styrené resin beads include a process conprising dispersing a styrene
nonomer i n an aqueous nmediumin the presence of an initiator and a
suspendi ng agent and, after comrencing a pol ynerization reaction, adding an
~al kali metal salt or ammonium salt of persulfuric acid to the reaction
systemin an anount of 0.5 to 30 ppm by wei ght based on the aqueous nedi um
whi |l e the degree of conversion of the nononer is in the range of fromO to
30% by nmol e, and adding an electrolyte to the reaction systemin a
concentratior of 0.02 tg 9.0 nol [ based on the aqueous nmedium at the point
when the de3tRBIBE BRUEr LFoHSHRLLKCaAPRIMER FECEOGNAMIUG e tH@ive @ t o
conplete s nsion_pol ymerization,. and adding a bl.oy ng agent during the
suspension%%QSVﬁ@ i?g?PgnCBP%F rgﬁnitFﬁggg% by weight in" the resulting
polymer beads.
In order to increase the inside voids in number, it
is preferable that at least one member selected from the
- group consisting of polyethylene wax, ethylene-bisamide, -
hexabromocyclododecane, talc, and a methacrylic acid lower
alkyl ester copolymer containing not less than 5% by weight
of a methacrylic acid lower alkyl ester unit be present in
the aqueous medium in a concentration of 0.0001 to 0.95% by
weight based on the styrene monomers.
If desired, a chain transfer agent, such as an
alkylmercaptane (e.g., dodecylmercaptane) and an o-
methylstyrene dimer, can be added to the polymerization
system for the purpose of molecular weight control. The
chain transfer agent is preferably added in an amount of 0.01
to 3 parts by weight per 100 parts by weight of the total
mMOonomers .
The monomers may be added to the aqueous medium
either all at once or gradually with the progress of the
polymerization (refer to JP-B-46-2987 and JP-B—49—2994, the
term "JP-B" as used herein means an "examined published
Japanese patent application").

If desired, a plasticizer for the polymer produced,

i



the resutting polymer bead with a bl ow ng agent to obtain expandabl e
styrene resin beads having a bead size of, e.g., 0.3 to 3'mm The styrene
nononers which can be used in the present invention include styrene,

[ err]-nmethyl styrene, o-nethylstyrene, mmnethylstyrene, p-nethylstyrene,

vi nyl t ol uene, p- 7 ethylstyrene, 2,4-dinethylstyrene, p- nethoxystyrene
p- phenyl styrene, o-chlorostyrene, mchlorostyrene, p- chlorostyrene,

2, 4-di chl orostyrene, p-n-butylstyrene, p-t-

compounds, such as fatty acid esters, xylene, toluene, and
cyclohexane, may be added to the polymerization system.

It is also possible to add to the polymerization
system additives genefally used in the production of
expandable resin beads, such as flame retardants, flame
retardation synergists,.antistatic agents, conductiﬁity-
imparting agents, bead siée distribution regulators, and the
like, as appropriate, or to mix a rubber component, such as
butadiene rubber or styrene-butadiene rubber.

EXAMPLES

The present invention will be illustrated in greater
detail with reference to_Examples and Comparative Examples,
but it should be understood that the invention is not deemed
to be limited thereto.

EXAMPLE 1

In a 50 { autoclave equipped with a stirrer were put
20 ¢ of ion-exchanged watér, 50 g of tricalcium phosphate (a
product of Taihei Chemical Industrial Co., Ltd.), and 0.6 g
of sodium dodecylbenzenesulfonate. To the mixture was added
while stirring 18 kg of styrene monomer having dissolved
therein 45 g of t-butyl peroxy-2-ethylhexanoate, 27 g of t-
butyl peroxy—2—ethylhexyimonocarbonate, and 270 g of
cyclohexane (plasticizer).

After purging the autoclave with nitrogen, the
mixture was stirred at room temperature for 30 minutes and

then heated up to 90°C over a period of 1.5 hours. When the
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butyl styrene, p-n-hexyl styrene, p-octylstyrene, styrenesul fonic acid, and
sodi um styrenesul fonate. The styrene nononers nmay be used in conbi nation

wi th various vinyl nmonomers, such as al kyl acrylates having 1 to 10 carbon
.atons in the alkyl noiety thereof, e.g., nmethyl acrylate, ethyl acrylate,
propyl acrylate, butyl acrylate, and 2- ethyl hexyl acrylate; alkyl

nmet hacryl ates having 1 to 10 carbon atons, e.g., nethyl nethacryl ate, ethyl
nmet hacryl ate, propyl nethacrylate, butyl nethacrylate, and 2-ethyl hexyl

ety at e, IEI IR RE A G bl ST Ack i avbdousaborybiopy!

methacryl aty DAHANRN B r A M AL Gra L ANE!T ORI Y2 TR BACHYLBLEE vas
further heated from 90°C to 100°C over a period of 5.5 hours.
When a 4.5 hour period had passed since the start of heating
from 90°C, an aliquot of the suspension was anélyzed to find
that the degree of conversion was 75%. At this point, 700 g
of a 25% aqueous solution of sodium chloride (corresponding
to 0.15 mol/l based on the aqueous medium) was added to the
reaction mixture over a 5 minute périod, and subsequently
1.7 kg of butane was pressed into the autoclave. The
reaction temperature was further elevated from 100°C to 110°C
over a period of 1.5 hours, at which temperature the reaction
system was maintained for 2 hours.

After cooling to 30°C over a 4 hour period, the
reaction mixture was washed with an acid to remove tricalcium
phosphate adhered to the surface of the expandéble resin
beads produced. The reaction mixtﬁre was dehydrated by means
of a centrifugal separator, and the water adhered to the
surface of the beads was removed in a fluidized bed drier to
obtain expandable resin beads. The beads were sieved to
collect beads having a bead size of 0.8 to 1.2 mm, and d.l%
of zinc stearate was adhered to the surface of the beads as
an antiblocking agent. The resulting expandable resin beads
were pre-expanded in a pre-expander (DYH-850, manufactured by
Daisen Industry Co., Ltd.) in a usual manner to a bulk

density of 20 g/1.
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ni t.ril e-econtaining unsaturated conpounds, e.g., acrylonitrile and

nmet hacrylonitrile; organic acid vinyl conpounds, e.g., vinyl acetate and
vi nyl propionate; unsaturated nonool efins, e.g., ethylene, propylene,
~1-butene, 2-butene, and isobutene; diene conpounds, e.g., butadiene,
~isoprene, and chl oroprene; hal ogenated vinyl conpounds, e.g., vinyl
chloride, vinylidene chloride, vinyl brom de, and vinyl fluoride; vinyl
ketones, e.g., vinyl methyl ketone, vinyl ethyl ketone, and vinyl hexyl

ket'one; vinyl ethe n net hyl et her y] ethyl ether, and
vi nyl isobutyl éﬁft$£8$m? %%%thﬁgspre expangeg Le ds’ were allowed

to stand (aged) at room temperature for one day, they were
charged in a box type mold of 28 x 35 x 15 cm and heated by
blowing steam under a pressure of 0.6 kgf/cmz for 20 seconds
to obtain an expaﬁsion molded article.

The number of voids in thé above-obtained expandable
resin beads, the cell stability in pre-expansion of the
expandable resin beads, and the outer appearance and falling
ball impact strength of the expansion molded article were
determined acéording to the following methods of evaluation.

Methods of Evaluation:

1) Number of Voids

The expandable styrene resin bead was sliced with a
microtome at a position passing approximately.the center
thereof, and the cut area of the slice was.observed under a
scanning electron microscope and photographed.' The nuﬁber of
voids in a 0.1 mm x 0.3 mm area in the surface area and the
number of voids in a 0.2 mm x 0.2 mm area in the inside area
were counted on the photograph, and the respective numbers of
the voids per mm? were obtained.
2) Cell Condition of Pre-expanded Beads

The expandable st&rene resin beads were pre-expanded
and expansion molded in the same manner as described above
(1) immediately after they were taken out of the autoclave
and the water adhered to the surface was removed, or (2)

after the beads, which had been taken out of the autoclave,
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8 e.g., Nvinylpyrrolidone, N-vinylindole, Nvinylcarbazole, and
N vi nyl pyrrol e; am de-cont ai ni ng unsat urated conpounds, e.g., -acryl am de,
met hacryl am de, N-nethyl ol acryl am de, and N nethyl ol met hacryl am de;
“unsat-urated carboxylic acids, e.g., acrylic acid, nethacrylic acid, and
I taconi c acid; mal ei m de conpounds, e.g., N phenylnaleimde, N
(met hyl ) phenyl mal ei m de, N- (hydroxy) phenyl nmal ei m de, N-
(met hoxy) phenyl mal ei m de, N-benzoic. acid mal ei m de, N net hyl nal ei m de,
N-et hyl mal ei nj de, N ropyl mal ei m N- i sopropyl mal ei m_de,

o Aeem iy

N-n- but yl mé

b‘fﬂ‘ M‘é‘i‘?ﬁ%‘é tanther %uﬁﬁwﬁnaﬁéu hees; removed,

crosslinkin Ctgola/feusné:}‘lré)& vbpé(l £Sonpo Q}(}Ig' grg 3) I te¥| Eﬁgzggg gr’ld

et hyl ene gl

which had been taken 6ut of the autoclave, and from which
water adhered to the surface had been removed, were preserved
at 40°C for 3 days. The cell condition was observed visually
and evaluated according to the following standard.

Standard of Evaluation:

Good ... Neither cell roughening nor cell unevenness
was observed.

Poor ... Cell roughening or cell unevenness was
observed.

3) Appearance

The appearaﬁce of the expansion molded article was
observed visually and evaluated according to the following
standard.
Standard of Evaluation:

Good ... Satisfactory appearance free from cell
roughening, cell unevenness and gaps among
beads.

Poor ... Poor appearance due to céll roughening, cell
unevenness and gaps among beads.

4) Falling Ball Impact Test

A steel ball weighing 255 g was dropped on the
expaﬁsion molded article, and the height of the falling ball
at which 50% of the articles were broken was measured

(according to JIS K7211).
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dlnethacrylate and epoxy-contai ni ng unsaturated conmpounds, e.g., glycidyl
acrylate and glycidyl nethacrylate. The initiator for use in the process of
the present invention includes azo conpounds, such as

azobi.si sobutyronitrile, and nmononer-soluble initiators, such as cunene
“hydr operoxi de, dicunyl peroxide, t-butyl peroxy-2- ethylhexanoate, t-butyl
per oxybenzoate, benzoyl peroxide, t- butyl peroxyisopropyl carbonate,

t-butyl peroxy-2- ethyl hexyl nonocarbonate, and |auroyl peroxide. The
initiator is usually used in an anount of 0.01 to 3 parts by wei ght per 100

parts by weight of the total nononer sSEEAMPBEQ2 The suspending agent for use

I n the process of t@ﬁ pr esent |nvgnt|on I ncl udes those commercially
avail abl e, such e same procedure as in Example 1 was performed,

except that 0.5 g (corresponding to 0.0028% based on the
'styrene monomer) of a methyl methacrylate polymer (BR-80,
produced by Mitsubishi Rayon Co., Ltd.) was added to the
styrene monomer in addition to the initiator and the
plasticizer, and 5.4 g of a 1% aqueous solution of potassium
persulfate was added to the reaction mixture ﬁhen the inner
temperature reached 60°C. The same evaluation as in Example
1 was made.
EXAMPLE 3
The same procedure as in Example 2 was performed,

except that the amounts of the methyl methacrylate polymer
(BR-80, produced by Mitsubishi Rayon Co., Ltd.) and the 1%
aqueous solution of potassium persulfate were changed to

1.8 g (corresponding to 0.01% based on the styrene monomer)
and 18 g, respectively, and 700 g (corresponding to

0.15 mol/1 based on the aqueous medium) of a 25% aqueous
solution of sodium chléride was added to the reaction mixture
when cooling was started (the degree of conversion at this
point was found to be 99%) over a period of 10 minutes. The
same evaluation as in Example 1 was made. |

EXAMPLE 4
The same procedure as in Example 1 was performed,

except that the amount of the 1% aqueous solution of

potassium persulfate was changed to 9 g, 1450 g

This Sheet Has Been Replaced




as -wat er - sol ubl e polyners, e.g., polyvinyl alcohol, nethyl 9 cel l ul ose,
and pol yvi nyl pyrrolidone, and slightly soluble inorganic salts, e.g.,
magnesi um pyrophosphate and tri cal ci um phosphate. These suspendi ng agents
. may be used in conbination with surfactants. In particular, the slightly
soluble inorganic salts are preferably used in conbination with anionic
surfactants, such as sodi um al kyl sul fonates and sodi um

dodecyl benzenesul fonate. The suspendi ng agent is preferably used in an

armount (corresponding to 0.1 mol/l based on the agueous medium) of a
20% aqueous solution of sodium acetate was added to the
reaction mixture over a 10 minute period when 4 hours had
passed from the start of heating from 90°C (the degree of
conversion at this point was found to be 60%), and the
cooling to 30°C after completion.of the polymerization was
carried out over a period of 6 hours. The same evaluation as
in Example 1 was made.

| EXAMPLE 5
The same procedure as in Example 2 was performéd,
except that the methyl methacrylate polymer was replaced with
100 g (corresponding to 0.60% based on the styrene monomer)
of hexabromocyclododecane (HBCD-LMS, produced by DEAD SEA
BROMO Co., Ltd.), the amount of the 25% aqueous solution of
sodium chloride was changed to 500 g (corresponding to
0.11 mol/l based on the aqueous medium), and the cooling to
30°C after completion of the polymerization was carried.out
over a peiiod of 3-hours. The same evaluation as in Example
1 was made.
EXAMPLE 6
The same procedure as in Example 4 was performed,
except that the 1% aqueous solution of potassium persulfate
was added when 1 hour had passed from the start of heating
from 90°C (the degree of conversion at this point was found
to be 25%). The same evaluation as in Example 1 was made.

/
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of, 0.01.to 5.0 parts by weight per 100 parts by weight of the total
nonQnmer s charged. Were a conbination of the slightly soluble inorganic
salt and the anionic surfactant is used, the slightly sol uble inorganic
salt.is used in an amount of 0.05 to 3.0 parts by weight, and the anionic
surfactant is used in an anmount of 0.0001 to 0.5 part by weight, each per
100 parts by weight of the total nononers charged. The al kali netal or
ammoni um salt of persulfuric acid for use in the process of the present

I nvention i ncl udes potassiun1persulfg¥§% Eggi2n1persulfate, and anmoni um
persul fate. It is essential for the al persul fate or anmoni um

persul fate to be adged £0,Lhe £8aG5LQM8YSheBkMALIE 4 was performed,

except that the 25% aqueous_solution of sodium chloride was
added when 2.5 hours had passed from the start of heating
from.90°C (the degree of conversion at this point was found
to be 40%). The same evaluation as in Example 1 was made.
COMPARATTIVE EXAMPLE 1
The same procédure as in Example 2 was performed,
except that the 25% agueous solution of sodium chloride was
not addéd. The same evaluation as in Example 1 was made.
COMPARATIVE EXAMPLE 2
The same procedure as in Example 2 was performed,
except that no persulfate was added. The same evaluation as
in Example 1 was made.
COMPARATIVE EXAMPLE 3
The same procedure as in Example 2 was performed,
except that the amount of the methyl methacrylate polymer
(BR-80, produced by Mitsubishi Rayon Co., Ltd.) was changed
to 0.2 g (corresponding to 0.0011% based on the styrene
monoﬁer), 7 kg (corresponding to 6 mol/l based on the agueous
medium) of sodium chloride was added over a 10 minute period
when 4 hours had passed from the start of heating from 90°C
(the degree of conversion at this point was 60%), and the
cooling to 30°C after completion of the polymerization was
carried out over a period of 8 hours. The same evaluation as

in Example 1 was made.

I
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t he degree of conversion of the styrene nononer is in the range of fromO
to 30% preferably O to 20% If it is added after the polynerization has
proceeded over the prescribed range, it is difficult to provide a

. suffi-cient amount of voids in the inside of polynmer beads. As far as the
10 conversion degree (polynerization rate) falls within the above range,
the al kali netal persulfate or anmmoni um persul fate may be added either al
at once or in two or nore divided portions. The alkali netal persulfate or

anmmoni um COMPARATIVE EXAMPLE 4
The éame procedure as in Example 5 was performed,
except that neither a persulfate nor sodium chloride aqueous
solution was added. The same evaluation as in Example 1 was
made.

COMPARATIVE EXAMPLE 5

The same procedure as in Example 1 was performed,
except for changing the amount of the 1% aqueous solution of
potassium persulfate to 63 g; The same evaluation as in
Example 1 was made.

COMPARATiVE EiAMPLE 6

The same procedure as in Example 3 was performed,
except that 700 g (corresponding to 0.15 mol/l based on the
aqueous medium) of a 25% aqueous solution of sodium chloride
was added at the point when the inner temperature reached
90°C (the degiee of conversion at this point was 10%). The
same evaluation as'in Example 1 was made.

COMPARATIVE EXAMPLE 7

The same procedure as in Example 1 was performed,
except that 700 g (corresponding to 0.15 mol/l based on the
aqueous medium) of a 25% agqueous solution of sodium chloride
was added when 4 hours had passed from the start of heating
from 90°C and 18 g of a 1% aqueous solution of potassium
persulfate was added 30 minutes after the addition of the

sodium chloride solution. The same evaluation as in Example

- i

1 was made.
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di sodi um succi nate. Sodiumchloride is particularly preferred. By addition
of a small anount of sodium chloride, expandable styrene resin beads having
a small nunber of voids in the surface area thereof which are capabl e of

. becom ng an expansion initiating sites can be obtained with ease. Sodi um
~chloride is al so advantageous for its industrial availability at |ow cost
and in quantity. It is essential for the electrolyte to be added when the

degree of conver5|thése%ggﬁggbﬁgggggaeh%hkgg el getngl v ?et€% 39%3 Mhen the

degree of conversion iIs wer t € above-spéc

di stributi ofnPéntdEnPaSSEBE hB¥ENELOBeCALRLA ﬂegbtd%' Qe‘i wt Q%n{p%%tdr@

expandabl e resin beads tend to becone coarse
for a long period of time, i.e., does not need aging at a low

temperature. The cells of the pre-expanded beads obtained
from the expandablé styrene resin beads are in excellent
condition regardless of the storage conditions of the
expandable styrene resin beads. The expansion molded article
prepared from the expandable resin beads of the invention has
beautiful appearance and sufficient mechanical étrength.

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

spirit and scope thereof.
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def or mat+ on; and under some conditions the suspensi on state under

pol yneri zation t e st abl e and form nasses. The electrolyte is
preferably adde(ﬁmﬂjwﬂgme}"rof conversion is 50 to . 100% nore
‘preferably 75 to o L1Th® ekectrolyte is added in the form of powder or an
aqueous solution. As far as the degree of conversion falls within the above
range, the electrolyte may be added either all at once or in several

di vi ded porﬁﬁg@SIsF@tAiﬁgDngpose of pH adjustnent of the aqueous nedium a
smal | amount of the electrolyte may al so be added before the degree of

conversi on reaches ﬁo%m%kﬁsﬁdwﬁé 5BgraHaPEasE ANbahal BofRaind é ResaLe

I nstabl e and the objects of the present”invention are not | npaired.
therein, wherein the number of the voids present in the area
from the surface of the bead to a depth of 0.1 mm along the
radial direction is not more than 100 per mm? as counted on a
cross section passing through approximately the center of the
bead.

2. BAn expandable styrene resin bead according to
claim 1, wherein the number of the voids present on the area
except the area from the surface of the bead to a depth of
0.3 mm along the radial direction-is not less than 250 per
mm? as counted on a cross section passing through
approximately the center of the bead.

3. An expandable styrene resin bead according to
claim 1, wherein said expandable styrene resin bead has a
bead size of 0.3 to 3 mm.

4. A process for producing expandable styrene resin
beads by suspension polymerization, which comprises:.

suspending a styrene monomer iﬁ an aqueous medium in
the presence of an initiator and a suspending agent to
thereby obtain styrene resin beads; and

incorporating a bLOwing agent into said styrene resin
beads, |
wherein an alkali metal salt or ammonium salt of persulfuric
acid is added to the reaction system in an amount of 0.5 to
30 ppm by weight based on the aqueous medium while the degree

- 25 - This Sheet Has Been R
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12 Thé degree of conversion ean be deternmined by a specific gravity nethod,

I nfrared absorptj chromat ography, and'the |ike. The anount

of the electrol y Imlmﬂnu“ujlmuﬁmter t he degree of conversion reaches 30%
15 0:02 to 5.0 not/1¢ prefferdbly 0.03 to 1.0 nol/Il, based on the aqueous

nmedium |f the anobunt is too snmall, the nunber of the voids in the surface

area increases, and the resulting expansion noldéd article has poor

appear ance. okf (bHGe2URBA olfS sh9Q kdhSfer is in the range of from 0 to
30% by mole, and an. electrolyte is added to the reaction
system in a concentration of 0.02 to 5.0 mol/l based on the
aqueous medium when the degfee of conversion is not less than
30% by mole.

5. A process according to claim 4, wherein at least
one member selected from the group consisting of polyethylene
wax, ethylene-bisamide, hexabromocyclododecane, talc, and a
methacrylic acid lower alkyl ester copolymer containing not
less than 5% by weight of a methacrylic acid lower alkyl
ester unit be present in the aqueous medium in a
concentration of 0.0001 to 0.95% by weight based on said

styrene monomers.
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is.difficult to conduct polynerization stably so that the suspension tends
td f.orm nmasses, and no further effect corrésponding with the increase in
anount results. According to the process of the present invention, a

bl owi ng agent is added during the suspension polynerization or after

conpl etion of the suspension polynerization to incorporate the same into

t he pol yner beads to provide expandable pol yner beads. Exanples of suitable
bl owi ng agents include physigz as aliphatic

hydr ocar bons, e.g., propane Jént ane, i sopentane,

neopentane, and he Qé%ié%‘i% gt £Ehd C%‘%‘iﬂsbe%dg conPAIrdNY R A

cycl opent ane, and alog n
therein, wherein the number of the voids present in the area

from the surface of the bead to a depth of 0.1 mm along the
radial direction is not more than 100 per mm? as counted on a
cross section passing through approximately the center of the
bead. A process for producing expandable styrene resin beads
by suspension polymerization is also disclosed in which a
styrene monomer is suspended in an aqueous medium in the
presence of an initiator and a suspending agent, and a
blowing agent is incorporated into polymer beads produced,
wherein an alkali metal salt or ammonium salt of persulfuric
acid is added to the reaction system in an amount of 0.5 to
30 ppm based on the aqueous medium while the degree of
conversion of said monomer is in the range of from 0 to 30%,
and an electrolyte is added to the reaction systém in a
concentration of 0.02 to 5.0 mol/l based on the aqueous
medium when the degree of conversion is 30% or higher. The.
expandable styrene resin bead does not require aging and,
when pre-expanded, show little variation in the.state of the.
cells, i.e., expandable styrene resin beads'which hardly

undergo influences of storage conditions.
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EXPANDABLE STYRENE RESIN BEADS AND

PROCESS FOR PRODUCING THE SAME

FIELD OF THE INVENTION

This invention relates to expandable styrene resin

beads which do not need aging at a low temperature and, when

pre-expanded, show little variation in the state of the

cells, i.e., expandable styrene resin beads which hardly

undergo influences of storage conditions, and a suspension

polymerization process for obtaining the same.

More

particularly, the present invention relates to expandable

styrene resin beads which produce an expansion molded article

having markedly excellent outer appearance and excellent

for obtaining the same.

mechanical strength and a suspension polymerization process

The beads obtained by the invention

are useful for the production of expansion molded articles,

such as fish boxes, returnable cases, heat insulating

materials, structural materials (e.g., a drain pan), and

cushioning materials for packaging.

BACKGROUND OF THE INVENTION

Expandable  styrene resin beads are a socially useful

material which is relatively cheap and can be expansion

molded with iow-pressure.steam, etc. without requiring any

- special technique to provide high cushioning and heat

insulation effects.




- v s
*»

group consisting of polyethylene wax, ethylen S

hexabr onocycl ododecane, talc, and a nethacryriﬁm' SHEE&I ester
copol ymer containing not |ess than 5% by wei ght] of a nmethacrylijc acid | ower
al kyl -ester unit be present in the aqueous nefdi umQisiMarcEozent riati on of
0.0001 to 0.95% by wei ght based on the sgyrene pononers. If gegired, a
chain transfer agent, such as an al kyl mercaptiane (e.(g., dodecyl|nercaptane)
and an a- nethyl styrene diner, can be added tlkh _the polynerizatijon system

f h f | | i gh . T hai f '
bref er ably aaded | n EFEHBn Y FARIABLe f (208 Bt kB BeRle 08 E Ry
wei ght  of tr&iﬁéﬁ&ﬂdr&%ﬁéﬁ”é&orage, the resulting pré—expanded styrene

resin beads show changes in the state of the cells dépending

on the conditions of the storage of the expandable styrene
resin beads. That is, the pre-expanded beads tend to suffer
from cell roughening (a phenomenon that cells become
extremely large) or cell unevenness. An expansion molded
article obtained from such pre-expanded styrene resin beads
tends to have considerably impaired appearance or strength.
In order to overcomé this problem, use of a special
nucleating agent or introduction of a stabilization technique
comprising maintaining expandable beads at a low temperature
for a long period of time (called aging) has been proposed.
However, these methods impose restrictions on various
conditions, such as conditions of productibn, and cannot
therefore bq an ultimate solution to the problem.
SUMMARY OF THE INVENTION

In order to solve the problem, the inventors of the
present invention have conducted extensive study and, as a
result, found that an expansion molded article with markedly
improved appearance can be obtained by reducing the number of
voids in the vicinity of the surface of expandable styréne
resin beads (conventional expandable resin beads have about
200 to 500 voids per mm? on average uniformly distributed
throughout the individual beads). They have also found that

cells of pre-expanded beads can be stabilized by not only
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The nononers may be added to the aqueous nedi
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gadual ly with the progress of the polynerizgti EA EMM

once or

B- 46- 2987
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pol ymer produced, such as phthalic esterg (e{g dioctyl phtphaj ate) or
14 conpounds, such as fatty acid ¢sters, xylene, tol uene, and
cycl ohexane, may be added to the pol yneri zat FoRr—sysi-em

reducing the number of voids in the vicinity of the bead
surface but slightly increasing the number of voids present
in the inside of the individual beads over the number
generally observed in conventional expandable resin beads,
thereby pr&#iding an expansion molded artiéle with excellent
appearance, beautiful surface, and sufficient mechanical |
strength. The present invention has been completed based on
these findings. |

The invention provides an expandable styrene resin
bead containing voids therein, wherein the number of the
voids present in the area from the surface of the bead to a
depth of 0.1 mm along the radial direction is not more than
100 per mm’ as counted on a cross section passing through
approximately the center of the bead.

The invention also provides an expandable styrene
resin bead containing voids therein, wherein the number of
the voids present in the area except the area from the
surface of the bead to a depth of 0.3 mm along the radial
direction is not less than 250 per mm? as counted on a cross
section passing through approximately the center of the bead.

The invention further provides a process for
producing expandable styreéne resin beads as one of processes
for obtaining the above-described expandable styrene resin
beads. That is, the invention provides a process for
producing expandable styrene resin beads comprising

suspending a styrene monomer in an aqueous medium in the



It is also possible to add to the pol yneri zat
used in the production of expandable resin befGs
flame retardation synergists, antistatic age
agents, bead size distribution regulators, and
to m x a rubber conponent, such as butadgene |
rubber. EXAMPLES The present invention WiTT He illustrated inh ¢
detail with reference to Exanpl es and Conpar a=-Me-.Exanples. _buf it should
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polymer beads, and incorporating a blowing agent into the
polymer beads, wherein the process further comprises adding
an alkali metal or ammonium salt of persulfuric acid to the
reaction system in an amount of 0.5 to 30 ppm based on the
aqueous medium while the degree of conversion of the monomer
is in the range of from 0 to 30% and adding an electrolyte to
the reaction system in a concentration of 0.02 to 5.0 mol/l
bésed on the agueous medium at the'point when the degree of
conversion of the monomer is 30% or higher.

In the above-described process for producing
expandable stYrene resin beads, it is preferable that at
least one member selected from the group consisting of
polyethylene wax,_ethylene-bisamide, hexabromocyclododecane,
talc, and a methacrylic acid lower alkyl ester copolymer
containing not less than 5% by weight of a methacrylic acid
lower alkyl ester unit be present in the agueous medium in a
concentrétion of 0.0001 to 0.95% by weight based on the
styrene monomer.

‘DETAILED DESCRIPTION OF THE INVENTION

The expandable styrene resin bead of the present
invention contains not more than 100, preférably 0 to 70,
voids per mm’ in the area from the surface to a depth of
0.1 mm along the radial direction as counted on a cross
section passing approximately the center of the individual

bead (hereinafter sometimes referred to as a surface area).
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m xture was added while stirring 18 kg of styrg
.therein 45 g of t-butyl peroxy-2-ethyl heganoat ¢,
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1.5 hours

When t he
large, the expandable beads fail to produce an expansion

molded article with excellent appearance.

From the standpoint of mechanical strength of the
resulting expansion molded article, it is more preferred that
the number of the voids present in the area except the area-
from the surface of the.bead to a depth of 0.3 mm along the
radial direction is not less than 250 per mm?, particularly
preferably not less than 350 per nﬁﬁ, especially preferably
not less than 500 per mm’ and not more than 10000 per mm?, as
counted on a cross section passing through approximately the
center 6f the bead.

The term "voids" as used herein is intended to denote
small holes of about 0.1 to 30 pum in diameter present in the
expandable styrene resin beads. The voids may contain in the
inside thereof substances other than polystyrene, e.g.,
water, a blowing agent, a solvent, a plasticizer, a residual
monomexr, etc.

The number of voids is obtained by preparing a slice
passing through about the center of an expandable styrene
resin bead with a microtome, taking a micrograph of the slice
under a scanning electron“microscope, counting the number of
the voids on the micrograph, and converting the number into
the number per mm?. The approximate number of voids can be
obtained more easily by observing an expandable styrene resin

bead under a transmission optical microscope as soaked in a



15 inner tenperature reached 60[err], 12 g of a Rﬁ?ﬁﬁﬁﬁ&ﬂg{&@ﬁ@yﬁon of
potassi um persul fate was added. The reaction ni st JTe was—turther  Heat ed
5!h®ur peri od

from90[err] to 100[err] over a period of 5.5 hqufs. 0§W§Q? é

had passed since the start of heating fron190[err# %ﬁ t Ef_the
suspension was analyzed to find that thegdegreefo Sj 75% At
this point, 700 g of a 25% aqueous sol utton of godi um chloride
(corresponding to 0.15 nol/| based on the aqueous- nﬁﬁrunr—mas—adde to the
reaction m xgu ver a,5.mnu iod ubsequently 1.7 .kg qQf butane
was pressed ??éf??ﬁbvﬁufgg?ﬁv@ J?ﬁglpgaég ﬁ ﬁ@ﬁb@ a?uF§¥ﬁﬁ§%PU%tH§ﬁex _
el evat ed frqgg&@Q[ffgi E .&}Q[SEdLr wood oil of first grade, a product of

Kishida Kagaku K.K.; refractive index = 1.514 to 1.522) so as

to have its refractive index regulated.

The expandable styrene resin beads of the present
invention preferably have a bead size of 0.3 to 3 mm.

Methods for producing the above-described expandable
styrene resin beads include a process comprising dispersing a
styrene monomer in an aqueous medium in the presence of an
initiator and a suspending agent and, after commencing a
polymerization reaction, adding an alkali metal salt or
ammonium salt of persulfuric acid to the reaction system in
an amount of 0.5 to 30 ppm by weight based on the aqueous
medium while the degree of conversion of the monomer is in
the range of from 0 to 30% by mole, and adding an electrolyte
to the reaction system in a concentration of 0.02 to
5.0 mol/1 based on the aqueous medium at the point when the
degree of conversion of the monomer is 30% or higher by mole
to complete suspension polymerization, and adding a blowing
agent during the suspension polymerization or impregnating
the resulting polymer bead with a blowing agent to obtain
expandable styrene resin beads having a bead size of, e.qg.,
0.3 to 3 mm. |

The styrene monomeré which can be used in the present
invention include styrene, a-methylstyrene, o-methylstyrene,

m-methylstyrene, p-methylstyrene, vinyltoluene, p-



& ‘,é was
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over a period of 1.5 hours, at which tenperature
meli nt ai'ned for 2 hours. After cooling to 30[err] 3
reaction m xture was washed with an acid to reno\e ftr %@%&éuﬂap
adhered to the surface of the expandable resin b B T‘e'reactlon
m xture was dehydrated by neans of a cengrifugal Ise 3 and _§hé water
adhered to the surface of the beads was renoved ifn a fIU|d|zed bed drier to
obt ai n expandabl e resin beads. The beads were si evVeo TU—corosci ds

havi b d 0. 1% of { t dh d
fo'the surr SEEVIFtRent d b P it oy Rgieth Coﬁx%@i%%ﬁﬁ“’f‘ﬁga o
dabl DYH- 850,
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chlorostyrene, 2,4-dichlorostyrene, p-n-butylstyrene, p-t-

butylstyrene, p-n-hexylstyrene, p-octylstyrene,
styrenesulfonic acid, and sodium styrenesulfonate. The
styrene monomers may be used in combination with various
vinyl monomers, such as alkyl acrylates having 1 to 10 carbon
atoms in the alkyl moiety thereof, e.g., methyl acrylate,
ethyl acrylate, propyl acrylate, bﬁtyl acrylate, and 2-
ethylhexyl acrylate; alkyl methacfylates having 1 to 10
carbon atoms, e.g., methyl hethacrylate, ethyl methacrylate,
propyl methacrylate, butyl methacrylate, and 2-ethylhexyl
methaérylate; hydroxyl-containing unsaturated compouﬁds,
e.g., hydroxyethyl acrylate, hydroxyethyl methacrylate,
hydroxypropyl acrylate, hydroxypropyl methacrylate,
hydroxybutyl acrylate, and hydroxybutyl methaérylate;
nitrile-containing unsaturated compounds, e.g., acrylonitrile
and methacrylonitrile; organic acid vinyl compounds, e.q.,
vinyl acetate and vinyl propionate; unsaturated monoolefins,
e.g., ethylene, propylene, l-butene, 2-butene, and isobutene;
diene compounds, e.g., butadiene, isoprene, and chloroprene;
halogenated vinyl compounds, e.g., vinyl chloride, vinylidene
éhloride, vinyl bromide, and vinyl fluoride; wvinyl ketones,
€.g., vinyl methyl ketone, vinyl ethyl ketone, and vinyl
hexyl ketone; vinyl ethers, e.g., vinyl methyl ether, vinyl

ethyl ether, and vinyl isobutyl ether; N-vinyl compounds,



Daisén | ndustry Co., Ltd.) in a usual manner to g?ﬁ&ﬂ_~_*~‘_a B 20 a/l.
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e.g}, N-vinylpyrrolidone, N-vinylindole, N-vinylcarbazole,
and N-vinylpyrrole; amide-containing unsaturated compounds,
e.g., acrylamide, methacrylamide, N-methylolacrylamide, and
N-methylolmethacrylamide; unsaturated carboxylic acids, e.g.,
acrylic acid, methacrylic acid, and itaconic acid; maleimide
compounds, e.g., N-phenylmaleimide, N- |
(methyl)phenylmaleimide, N-(hydroxy)phenylmaleimide, N-
(methoxy)phenylmaleimide, N-benzoic acid maleimide, N-
methylmaleimide, N-ethylmaleimide,-N—n-propylmaleimide, N-
isopropylmaleimide, N-n-butylmaleimide; N-iscobutylmaleimide,
and N-t-butflmaleimide; crosslinking polyfunctional vinyl
compounds, e.g., divinylbenzene and ethylene glycol
dimethacrylate; and epoxy-containing unsaturated compounds,
e.g., glycidyl acrylate and glycidyl methacrylate.

The initiator for use in the process of the bresent
invention includes azo compounds, such as
azobisisobutyronitrile, and monomer-soluble initiators, such
as cumene hydroperoxide, dicumyl peroxide, t-butyl peroxy-2-
ethylhexanoate, t-butyl peroxybenzoate, benzoyl peroxide, t-
butyl peroxyisopropylcarbonate, t-butyl peroxy-2-
ethylhexylmonocarbonate, and lauroyl peroxide. The initiator
is usually used in an amount of 0.0l to 3 parts by weight per
100 parts by weight of the total monomers charged.

The suspending agent for use in the process of the
present invention includes those commercially available, such

as water-soluble polymers, e.g., polyvinyl alcohol, methyl
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The expandabl e styrene resin bead was sliced wikh a nlcrotone at‘a posi tion
passing approximately the center thereof,9 and thhe cut area o hg slice was
observed under a scanning el ectron n1croscope ?he nunber
of voids ina 0.1 nmx 0.3 nmarea in the surface area and the nunber of
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~phot ograph, an e réspect e vb per err
obt ai ned. inorganic salts, e.g., magnesium pyrophosphate and tricalcium

phosphate. These suspending agents may be used in
combination with surfactants. In particular, the slightly
soluble inorganic salts are preferably used in combination
with anionic surfactants, such as sodium alkylsulfonates and
sodium dodecylbenzenesulfonate.

The suspending agent is preferably used in an amount .
of 0.01 fo 5.0 parts by weight per'100 pérts by weight of the
total monomers chargéd. Where a combination of the slightly
soluble inorganic salt and the anionic surfactant is used,
the slightly.soluble inorganic salt is used in an amount of
0.05 to 3.0 parts by weight, and the anionic surfactant is
used in an amount of 0.0001 fo 0.5 part by weight, each per
100 parts by weight of the total monomers charged.

The alkali métal or ammonium salt of persulfuric acid
for use in the process of the present invention includes
potassium persulfate, sodium persulfate, and ammonium
persulfate.

It is essential for the alkali metal persulfate or
ammonium persulfate to be added to the reaction system while
the degree of conversion of the styrene monomer is in the
range of from 0 to 30%, preferably 0 to 20%. If it is added
after the polymerization has proceeded over the prescribed
range, it is difficult to provide a sufficient amount of

voids in the inside of polymer beads. As far as the



were pre-expanded and expansi on nol ded in the sjan s—-agSCr i bed
above (1) immediately after they were taken out aye and the
wat er ‘adhered to the surface was renoved, or ( e fis, which had
been taken out of the autoclave, 17 angl fro PrartE efed to the
surface had been rempved, were preserved at [elr 7 days, or{(3) after
t he beads, which had been taken out of the autoclave, —ami~f i ch

conversion degree (polymerization rate) falls within the
above range, the alkali metal persulfate or ammonium
persulfate may be added either all at once or in two or more
divided portions. The alkali metal persulfate or ammonium
persulfate is added in an amount of 0.5 to 30 ppm by weight,
preﬁerably 0.5 to 20.ppm by weight, based on the aqueous
medium (all the water content present in the polymerization
system; hereinafter the same). If the addition amount is too
small, it is difficult to provide a sufficient amount of
voids in the inside of polymer beads. If it is too large,
the number of the voids in the surface area would be too
large, tending to fail to provide an expansion molded article
withfexcellent appearance.

The electrolyte for use in the process of the present
invention is not particularlf limited as far as it is
dissociated into ions in an aqueous solution. Examples of
suitable electrolytes include inorganic salts, such as
lithium chloride, sodium chloride, magnesium chloride,
potassium chloride, calcium chloride, ammoniuni chloride,
sodium sulfate, magnesium sulfate, potassium sulfate,
aluminum sulfate, ammonium sulfate, sodium nitrate, magnesium
nitrate, potassium nitrate, calcium nitrate, éodium
carbonate, magnesium carbonate, potassium carbonate, calcium
carbonate, and 5mmonium carbonate; and water-soluble alkali
metal salts of carboxylic acids, such as potassium acetate,

sodium acetate, sodium octanoate, sodium benzoate, and



wat er ‘adhered to the surface had been renoved, \ STSETA. A0 err]
for. 3 days. The cell condition was observed vi sy Pbgghﬁmng@ﬂaié;

according to the follow ng standard. Standard off KEval uation: Gobdi..
Nei t her cell roughening nor cell unevenness was|obse) 4qaR ®9gr ;.; Cell
rougheni ng or cell unevenness was obserwed. 3) pppearance The appkarance of
t he expansi on nol ded article was observed Vi suall y and evaruar ccordi ng

to the follow ng standard. Standard of Eval uati @n

disodium succinate. Sodium chloride is particularly
preferred. By addition of a small amount of sodium chloride,
expandable styrene resin beads having a small number of voids
in the surface area thereof which are capable of becoming an
expansion initiating sites can be obtained with ease. Sodium
chlqride is also advantageous for its industrial availability
at low cost and in quantity.

It is essential for the electrolyte to be added when
the degree of conversion is 30%_or'higher. If the
electrolyte is added when the degree of conversion is lower
than 30%, the above-specified void distribution of the
present invention cannot be obtained; the resulting
expandable resin beads tend to become coarse beads or undeigo
deformation; and under some conditions the suspension state
under polymerization tends to become instable and form
masses. The electrolyte is preferably added when the degree
of conversion is 50 to 100%, more preferably 75 to 100%.

The electrolyte is added in the form of powder or an
aqueous solution. BAs far as the degree of conversion falls
within the above rahge, the electrolyte may be added either
all at once or in several divided portions. For the purpose
of pH adjustment of the aqneous medium, a small amount of the
electrolyte may also be added before the degree of conversion
reaches 30% provided that the suspension state does not
become instable and the objects of the present invention are

not impaired.



Good ... Satisfactory appearance free from cell REBEAGBHEmﬂbgﬁEEﬁFEvenness
and. gaps anong beads. Poor ... Poor appearance dyiefto celT roughening, cel

unevenness and gaps anong beads. 4) Falling Ball {l aq;a 1}@9‘92;9\ st epl ball
r |(M ., and EF hei ght

wei ghirng 255 g was dropped on the expansion nol d¢d}a
of the falling ball at which 50%of theimticles : asured
(according to JI'S K7211).

The degree of conversion can be determined by a
specific gravity method, infrared absorption analysis, gas
chromatography, and the like.

The amount of the electrolyte to be added after the
degree of conversion reaches 30% is 0.02 to 5.0 mol/1,
preferably 0.03 to 1.0 mol/1l, based on the agueous medium.
If the amount is too small, the number of the voids in the
surface area increases, and the resulting expansion molded
article has poor appearance. If the amount is too large, it
is difficult to conduct polymerization stably;so that the
suspension tends to form masses, and no further effect
corresponding with the increase in amount results.

According to the process of the present invention, a
blowing agent is added during the suspension polymerization
or after completion of the suspension polymerization to
incorporate the same into the polymer beads to provide
expandable polymer beads.

Examples of suitable blowing agents include physical
blowing agents, such as aliphatic hydrocarbons, e.g.,
propane, n-butane, isobutane, n—éentane, isopentane,
neopentane, and hexane, alicyclic hydrocarbohs, e.g.,
cyclobutane and cyclopentane, and halogenated hydrocarbons,
e.g., methyl chioride and dichlorofluoromethane; and
inorganic gases, such as carbon dioxide, nitrogen, and
ammonia. These blowing agents may be used either

individually or as a combination of two or more thereof. The



18 EXAMPLE 2 The same procedure as in Exanpl«REPhk@ENEmmbS' | except that

0.5-g (corresponding to 0.0028% based on thej}s f a nethyl
nmet hacryl ate pol ymer (BR-80, produced by Mt$u iﬂ4§&@¥§$ Ltd.) was
added ‘to the styrene nononer in addition to the i 7an ¥ he

pl asticizer, and 5.4 g of a 1% aqueous sxg ut{ ol ersul fate was

added to the reaction mxture when the innerftenperature reached 60[err].
The sane evaluation as in Exanple 1 was mnade. me procedure

as in Exanplgy o005 AEAC {8 %sually added in such an amount to give a

blowing agent content of 1 to 20% by weight in the resulting

polymer beads.

In order to increase the inside voids in number, it
is preferable that at least one member selected from the
group consisting of polyethylene wax, ethylene-bisamide,
hexabromocyclododecane, talc, and a methacrylic acid lower
alkyl ester copolymer céntaining not less than 5% by weight
of a methacrylic acid lower alkyl ester unit be present in
the aqueous medium in a concentiation of 0.0001 to 0.95% by
weight based on the styreﬁe'monomers.

If desired, a chain transfer agent, such as an
alkylmercaptane (e.g., dodecylmercaptane) and an a-
methylstyrene dimer, cén be added to the polymerization
system for the purpose of molecular weight control. The
chain transfer agent is preferably added in an amount of 0.01
to 3 parts by weight per 100 parts by weight 6f the total
MONomers.

The mohomers may be added to the agqueous medium
either all at once or gradually with the progress of the
polymerization (refer to JP-B-46-2987 and Jf-B-49-2994, the
term "JP-B" as used herein means an "examined published
Japanese patent application"). |

- If desired, a plasticizer for the polymer produced,

such as phthalic esters (e.g., dioctyl phthalate) or organic



except -that the anounts of the methyl methacry EEELAEENE@W‘S 780, produced
by M tsubi shi Rayon Co., Ltd.) and the 1% aquepup SOT UTTOMTO+—pOL assi um

persul fate were changed to 1.8 g (correspondin .000 @2‘?50@ ed on the
styrene nononer) and 18 g, respectively, and 700| g (%: e ginqidg to 0.15
nmol /1 based on the aqueous nedi um) of a 26% aqueots—selutiaon gf jsodi um
chloride was added to the reaction m xture whgn cool i ng was siiited (the
degree of conversion at this point was found to be 99%—over—a-peri od of 10

m nutes. Th val yat j.o in.Exanpl e 1 was made. EXAMPLE 4 The sane
procedur e a?oﬁﬁ%‘gﬁﬁl taé h\/\%ssa;"earffm&’r rffis'::cf‘,Cl 'e%g]:te of} Hgfdﬁ?'heeﬁg’%t’ﬁ?n%f IE 1%
~aqueous sol WiARr¥xane, may be added to the polymerization system.

It is also possible to add to the polymerization
system additives genefally used in the production of
expandable resin beads, such as flame retardants, flame
retardation synergists, antistatic agents, conductivity-
imparting agents, bead size distribution regulators, and the
like, as appropriate, or to mix a rubber component, such as
butadiene rubber or styrene-butadiéne rubber.

EXAMPLES

The present invention will be illustrated in greater
detail with reference to Examples and Comparative Examples,
but it should be understood that the invention is not deemed
to be limited thereto.

EXAMPLE 1

In a 50 ¢ autoclave equipped with a stirrer were put
20 ¢ of ion-exchanged water, Sb g.of tricalcium phosphate (a
product of Taihei Chemical Industrial Co., Ltd.), and 0.6 g
of sodium dodecylbenzenesulfonate. To the mixture was added
while stirring 18 kg of styrene monomer having dissolved
therein 45 g of t-butyl peroxy-2-ethylhexanoate, 27 g of t-
butyl peroxy-2—ethylhexyimonocarbonate, and 270 g of
cyclohexane (plasticizer).

After purging the autoclave with nitrogen, the
mixture was stirred at room temperature for 30 minutes and

then heated up to 90°C over a period of 1.5 hours. When the



potaésiun1persu|fate was changed to 9 g, 1450 g REP{A(}QHQ?P Jng to 0.1
mel /1 based on the aqueous nedium of a 20% aquequySotti+or—e+ dqlum

acetate was added to the reaction m xture over a |1Q nb te perlod when 4
hours*had passed fromthe start of heating from 4O[jer %H@@%é9 eg of
.conversion at this point was found to ber$0% , andlthe cooling te BO[err]
“after conpletion of the pol ymeri zation was carrigd out over a periPd of
hours. The sane evaluation as in Exanple 1 was nude: ,

inner temperature reached 60°C, 12 g of a 1% aqueous solution

of potassium persulfate was added. The reaction mixture was
further heated from 90°C to 100°C over a period of 5.5 hours.
When a 4.5 hour period had passed since the start of heating
from 90°C, an aliquot of the suspension was analyzed to find
that the degree of conversion was 75%. At this point, 700 g
of a 25% aqueous solution of sodium chloride (corresponding
to 0.15 mol/l based on the aqueous medium) was added to the
reaction mixture over a 5 minute périod, and subsequently

1.7 kg of butane was pressed into the autoclaye. The
reaction temperature was further elevated from 100°C to 110°C
over a period of 1.5 hours, at which temperature the reaction
system was maintained for 2 hours.

After cooling to 30°C over a 4 hour period, the
reaction mixture was washed with an acid to remove tricalcium
phosphate adhered to the surface of the expandable resin
beads produced. The reaction mixture was dehydrated by means
of a centrifugal separator, and the water adhered to the
. surface of the beads was removed in a fluidized bed drier to
obtain expandable resin beads. The beads were sieved to
collect beads having a bead size of 0.8 to 1.2 mm, and 0.1%
of zinc stearate was adhered to fhe surface of the beads as
an antiblocking agent. The resulting expandable resin beads
were pre-expanded in a pre-expander (DYH-850, manufactured by
Daisen Industry Co., Ltd.) in a usual manner to a bulk

density of 20 g/l.



EXAMPLE 5 The sane procedure as in Exanple 2 was BEPLACENE%“ESEE@t that the
met' hyl "met hacryl ate pol yner was replaced with 1090 ¢ (corres g to 0.60%
based on the styrene nononer) of hexabronocycl od¢d CQPEN#“E%EZL , produced
by DEAD SEA BROMO Co., Ltd.), the amount of the g5P6 aqueol | ution of

. sodi um chl ori de was changed to 500 g (corg espond] ng-to6—++-ralll based on

“the aqueous nediunm), and the cooling to—30Terr] @LLQL_£2H$|et|0n qf t he

pol ymeri zati on was carried out over a period of 3 hours e satre-

evaluation as iin Ex e EXAMPLE 6 Th rocedur e, as
Exanpl e 4 was perfo%ﬁ ]the res tlng pre—expangeéabea S were alfoweg

to stand (aged) at room temperature for one day, they were

charged in'a box type mold of 28 x 35 x 15 cm and heated by
blowing steam.under a pressure of 0.6 kgf/cm? for 20 seconds
to obtain an expansion molded article.

The number of voids in the above-obtained expandable
resin beads, the cell stability in pre-expansion of the
expandable resin beads, and the outer appearance and falling
ball impact strength of the expansion molded article were
determined according to the following methods of evaluation.
Methods of Evaluation:

1) Number of Voids

The expandable styrene fesin bead was sliced with a
microtome at a position passing approximately.the center
thereof, and the cut area of the slice was observed under a
scanning electron microscope and photographed.. The number of
voids in a 0.1 mm x 0.3 mm area in the surface area and the
number of voids in a 0.2 mm x-0.2 mm area in the inside area
were counted on the photograph, and the respective numbers of
the voids per mm? were obtained.

2) Cell Condition of Pre-expanded Beads

The expandable styrene resin beads were pre-expanded
and expansion molded in the same manner as described above
(1) immediately after they were taken out of the autoclave
and the water adhered to the surface was removed, or (2)

after the beads, which had been taken out of the autoclave,



except that the 1% aqueous solution of potassiump R Rwtded when
1.-hour had passed fromthe start of heating from 9p[ Te—aeghee of
conversion at this point was found to be 25% . The} s nB evxhqatjo@ s in
Exanpl e 1 was made. 20 EXAMPLE 7 The sane procedure AM '@(/arrpl i/a4 was
. performed, except that the 25% aqueous spjution of i dd was
“added when 2.5 hours had passed fromthe start of [heating fron190[e4r] (the
degree of conversion at this point was found S

and from which water adhered to the surface had been removed,

were preserved at 0°C for 7 days, or (3) after the beads,
which had been taken out of the autoclave, and from which
water adhered to the surface had been removed, were preserved
at 40°C for 3 days. The cell condition was observed visually
and_evaluated according to the following standard.
Standard of Evaluation:
Good ... Neither cell roughening nor cell unevénness
was observed.
Poor ... Cell roughening or cell unevenness was
obse;ved.
3) Appearance
The appearance of the expansion molded article was
observed visually and evaluated according to the following
standard. |
Standard of Evaluation:
Good ... Satisfactory appearance freé from cell
- roughening, cell unevenness and gaps among
beads.
Poor ... Poor appearance due to cell roughening, cell
unevenness and gaps among beads.
4) Falling Ball Impact Test
A steel ball weighing 255 g was dropped on the
expahsion molded article, and the height of the falling ball
at which 50% of the articles were broken was measﬁred

(according to JIS K7211).



to be 40%.

EXAMPLE 1 The sane procedure as in Exanple 2 was pe

25% aqueous

as in-Exanple 1 was nmade. COVPARATI VE EXAMPLE 2 Thg
- Exanpl e 2 was perfornmed, except that no ggersul fate
eval uation as in Exanple 1 was made. COVPARATI VE

The sane evaluation as in Exanple 1 wasp

sol ution of sodiumchl oride was not added:
amﬁ procedurefag in
e %ar:re
E 3 The sang |

procedure as in Exanple 2 was perfornmed, except that the anmount of the
nmet hyl net hacryl ate pol yner (BR-80, pr£§%ﬁﬁgEby M shi—Rayan. Co., Ltd.)

was changed

The same procedure as in Example 1 was performed,
except that 0.5 g (corresponding to 0.0028% based on the
styrene monomer) of a methyl methacrylate polymer (BR-80,
produced by Mitsubishi Rayon Co., Ltd.) was added to the
styrene monomer in addition to the initiator and the
plasticizer, and 5.4 g of a 1% aqueous solution of potassium
persulfate was added to the reaction mixture when the inner
temperature reached 60°C. The same evaluation as in Example
1 was made.

EXAMPLE 3

The same procedure as in Example 2 was performed,
excepﬁ that the amounts of the methyl methacrylate polymer
(BR-80, produced by Mitsubishi Rayon Co., Ltd.) and the 1%
agqueous solution of potassium persulfate were changed to
1.8 g (corresponding to 0.01% based on the styrene monomer)
and 18 g, respectively, and 700 g (corresponding to
0.15 mol/l based on the aqueous mediﬁm) of a 25% aqueous
solution of sodium chloride was added to the reaction mixture.
when cooling was staited (the degree of conversion at this
point was found to be 99%) over a period of 10 minutes. The
same evaluation as in Example 1 was made.

EXAMPLE 4

The same procedure as in Example 1 was performed,

except that the amount of the 1% agueous solution of

potassium persulfate was changed to 9 g, 1450 g

-airaisygat i on



to 0.2 g (corresponding to 0.0011% based on t hg - k7Kg
(corresponding to 6 nol /I based on the aqueous: e chl ori de
was added over a 10 m nute period when 4 hours rlclﬁassed fromthe start of
‘heating from90[err] (the degree of conversion{atl thdMAROIGT whsi 60%, and
‘the cooling to 30[err] after conpletion D§ thelpelynerization 5 carried
out over a period of 8 hours. The sane evaluatijon as in Exanpre L was nade.
21 COVPARATI VE EXAMPLE 4

(cdrresponding'ﬁo 0.1 mol/l based on the aqueous medium) of a

20% aqueous solution of sodium acetate was added to the
reaction mixture over a 10 minute period when 4 hours had
passed from the start of heating from 90°C (the degree of
conversion at this point was found to be 60%), and the
cooling to 30°C after completion of the polymerization was'
carried out over a period of 6 hours. The same evaluation as
in Example 1lwas made.
EXAMPLE 5

The same procedure as in Example 2 was performed,
except that the methyl methacrylate polymer was replaced with
100 g (corresponding to 0.60% based on the styrene monomer)
of hexabromocyc;ododecane (HBCD-LMS, produced by DEAD SEA
BROMO Co., Ltd.), the amount of the 25% aqueous solution of
sodium chloride was changed to 500 g (corresponding to
0.11 mol/l based on the aqueoué medium), and the cooling to
30°C after éompletion of the polymerization was carried out
over a period of 3 hours. The same evaluation as in Example
1 was made.

EXAMPLE 6

The same procedure as in Example 4 was performed,
except that the 1% aqueous solution of potassium persulfate
was added when 1 hour had passed from the start of heating
from 90°C (the degree of conversion at this point was found

to be 25%). The same evaluation as in Example 1 was made.



The sane procedure as in Exanple 5 was perforned,RgpgapE e her a
persul fate nor sodi um chl ori de aqueous sol ution \ vt bare
evaluation as in Exanple 1 was nmade. COVPARATI VE MPLE 5 The s

e
procedure as in Exanple 1 was perforned, except Ehé MAR99Y he apount of
the 1% aqueous sol ution of potassium pergul fate | .__The sanfe ;
evaluation as in Exanple 1 was nmade. COVPARATI VH EXAMPLE 6 3 age .
~procedure as in Exanple 3 was performed, except ‘tha+—Z00 g (corregpondi ng

%ﬂhpﬁk 9 25% aqueous sol ution of

oomd

'to 0.15 nol /1 based on the aqueous nedﬁ
sodi um chl ori de

The same procedure as in Example 4 was performed,
except that the 25% aqueous solution of sodium chloride was
added when 2.5 hours had passed from the start of heating
from 90°C (the degree of conversion at this point was found
to be 40%). The same evaluation as in Example 1 was made.

COMPARATIVE EXAMPLE 1

Thé same procedure as in Example 2 was performed,
except that the 25% aqueous solution of sodium chloride was
not addéd. The same evaluation as in Example 1 was made.

COMPARATIVE EXAMPLE 2

The same procedure as in Example 2 was performed,
except that no persulfate was added. The same evaluation as
in Example 1 was made.

COMPARATIVE EXAMPLE 3

The same procedure as in Example 2 was performed,
except that the amount of the methyl methacrylate polymer
(BR-80, produced by Mitsubishi Rayon Co., Ltd.) was changed
to 0.2 g (correspondiné to 0.0011% based on the styrene
monomer), 7 kg (corresponding to 6 mol/l based on the aqueous
medium) of sodium chloride was added over a 10 minute period
when 4 hours had passed from the start of heating from 90°C
(the degree of conversion at this point was 60%), and the
cooling to 30°C after completion of the polymerization was
carried out over a period of 8 hours. The same evaluation as

in Example 1 was made.



was added at the point when the inner tenperature reac
degree of conversion at this point was 10% . The sane @RHEPUS
Exanpl e 1 was made. COVPARATI VE EXAVMPLE 7 The sane pr Of eft-e—asasi
1 was 'perfornmed, except that 700 g (corresponding to Of 1p nol /|

the aqueous nedi um) of a 25% aqueous solagion of sodi chDdMAQ’;m a:do__fed
~when 4 hours had passed fromthe start of~heating fro and 18 jgof
a 1% aqueous sol ution of potassium persul fate was add d 30 n1nu e '%Tfef

the addition of the sodiumchloride _solution. The n.as in
Exanple 1 was made. COMPARATIVE EXAMPLE 4 _

(O -

The same procedure as in Example 5 was performed,
except that neither a persulfate nor sodium chloride agueous
solution was added. The same evaluation as in Example 1 was
made.

COMPARATIVE EXAMPLE 5

The same procedure as in Example 1 was performed,
except for changing the amount of the 1% agueous solution of
potassium persulfate to 63 q. The same evaluation as in
Example 1 was made.

COMPARATIVE EXAMPLE 6

The same procedure as in Example 3 was performed,
except that 700 g (corresponding to 0.15 mol/l based on the
aqueous medium) of a 25% aqﬁeous solution of sodium chloiide
was added at the point when the inner temperature reached
90°C (the degree of conversion at this point was 10%). The
same evaluation as in Example 1 was made.

COMPARATIVE EXAMPLE 7_

The same procedure as in Example 1 was performed,
except that 700 g (corresponding to 0.15 mol/l based on the
aqueous medium) of a 25% aqueous solution of sodium chloride
was added when 4 hours had passed from the start of heating
from 90°C and 18 g of a 1% aqueous solution of potassium
persulfate was added 30 minutes after the addition of the
sodium chloride solution. The same efaluation as in Example

1l was made.



0 4 MAR 1997

REPLACEMENT SHEET

24

23 [err]

22 [érr]

cg aood poo8  poo8 poo3
sesce--~-~*S3SSEW PAUIOJ JINIXTW UOTIOEBIA
aaaaaaa ~--°"$95SBW PAUWII0J IIANIXTW UOTIOEDI
oY zood aood  poo8 aood
42 aood poo3  poo83 poo8
(4 poo3 poo3  pooB poo3
o~ L€ 100d poo8  pooB aood
o~
(wd)
T1ed ERLT sX8(q ¢ sAeq Z TUorjed
Suryred -aeaddy xD,0% XDo0  -udaig
3o a9313V
Iy3rag L1930
~Tpawmuy

UOTITPUOD) 1199

UOTIen[eAg JO S3I[NsSay

0S¢ L91 09 . ST'0 . SL 0T . L
MY ~——wm=mm— 0T sT'0 " S 0T . 9
apPTI0TYD o3ezInsaad
aYL--====-= -= SL €T°0  umypos S ge untssejod S
00ST 0LTT - - - - - - Y
ajezTnsaad
00T 0 09 0°9 M s € umtsseyod €
9pTIOTYD .
00¢ €€ SL ST 0 unmTpos - - - <
ajeyInsaad
00S 1 ¥4 - - - s € untssejod T
(1)  (1/10W) ()  (wdd)
aprsuy CERLY UOTATDPY Junouy PUTH  UOTITPPY aIunowy PUTH “ON
2oezang 13e 93aafeq 1® 3ax8aq atdwexy
(zuua/) uoTs uoTs - eaeduwoy
Jaqumy PTOA ~284U0D -I9AUO)
— 33K10130914 93e31nsdag
UOTIONPOIg JO SUOTITPUOD)
¢ Jd149VYL



The expandabl e styrene resin beads of the prefRERLACRMENTSHERT hot need to
be maintained at a | ow tenperature for a | ong|pgrrod—of—ti )|
not need aging at a | ow tenperature. The cel
obtained fromthe expandable styrene resin be nt condition
regardl ess of the storage conditions of g3e e resi n beads.
The expansion nol ded article. prepared fromthg expandable resin beads of
the invention has beautiful appearance and surfrcrent—mectanteal strength.

Wil e the invention has been desérltg;e tn detail and with reference to
speci fic enbodi nents thereof,| it -cth:: appar ent «t omone kil lked im the art
t hat various changes and m)dlflca’tléi “Can be made therein without
departing fromthe
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spirfi and scope thereof. 25 WHAT | S CLAI MED BEPLACENﬁﬂTLSHEEE bl e

styrene resin bead containing voids therein, whgrgin the nunber |of the
voids present in the area fromthe surface of tHe|be@d MAR&%Tepthjof 0.1 mm
alongthe radial direction is not nore than 100|pgr_[err] as coynfed on a
cross section passing through approxi matgly thejcenter of the beafl. 2. An
expandabl e styrene resin bead accordi ng—to— ,

The expandable styrene resin beads of the present

invention do not need to be maintained at a low temperature
for a long period of time, i.e., does not need aging at a low
temperature. The cells of the pre-expanded beads obtained
from the expandable styrene resin beads are in excellént
condition regardless of the storage conditions of the
expandable styrene resin beads. The expansion molded article
prepared from the expandable resin beads of the invention has
beautiful appearance and sufficient mechanical strength.
While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.

rorw



cIa|n11 wher e voids present Qn the area except™he

area fromthe surface of t he bead to a depth of (. :mw"gJ’ slu'wfdlm
direction is no m2 as count ed o~ 35 D u“;' n
passi ng through Ium lﬂm“nuﬂjﬁl e center of the Redd. 3. An expapd

styrene resin bead according tb clai m 1gnherein|sai & &Myl ef s yrene
resin bead has a bead size of 0.3 to 3™nm 4. AfpLocess for profuci ng

expandabl e $MreR% 'B3ith E??%Q? by suspension pol nerlzat|0““ o

conpri ses: suspendi Nng a styrene nononer in an agteeus.1

presence of an i nit At of, AR s Ge R Todth, YOE o TRITRG WARIE

resin beads; and
therein, wherein the number of the voids present in the area

from the surface of the bead to a depth of 0.1 mm along the
radial direction is not more than 100 per mm? as counted on a
Cross section passing through approximately the center of the
bead.
2. An expandable styrene resin bead according to
. claim 1, wherein the number of the voids present on the area
except the area from the surface of the bead to a depth of
0.3 mm along the radial direction'is_not less than 250 per
mm? as counted on a cross section passing through
approximately the center of the bead.
3. An expandable styrene resin bead according to
claim 1, wherein said expandable styrene resin bead has a
bead size of 0.3 to 3 mm.
4. A process for producing expandable sﬁyrene resin
beads by suspension polymerization, which comprises: |
suspending a styrene monomer in an aqueous medium in
the presence of an initiator and a suspending.agent to
thereby obtain styrenelresin.beads;_and
incorporating a blowing agent into said styrene resin
beads, '
wherein an alkali metal salt or ammonium salt of persulfuric
acid is added to the reaction system in an amount of.0.5 to

30 ppm by weight based on the aqueous medium while the degree



i ncor por at i rg—a—btowng agent into said styrene REBLACEHHEH:SHEET in an

al’kal i- met al

iﬁ”‘ W i salt of persulfurijcfacid IS addedjtp the

reacti on systé ‘mﬂ mmwmh 0.5 to 30 ppm by yeir W@@ o] he

aqueous nedi umMAl et he gree -26 of conver-§i pn o?mgal znn risin
' tjo the

the range of fromO to 30% by nole, -andqogn el ecpr

reaction systemin a concentration of 6-0Z2to 5.0 nol/| based on |t he
aqueous medi 4 WHLD.LOS.HCGECEa 0k SORYREE' 28 4R PRL 12R%e’ OF from 0 to

30% by mole, and an electrolyte is added to the reaction
system in a concentration of 0.02 to 5.0 mol/l based on the
aqueous medium when the degreé of conversion is not less than
30% by mole.

5. A process according to claim 4, wherein at least
one member selected from the group consisting of polyethylene
wax, ethylene-bisamide, hexabromocyclododecane, talc, and a

methacrylic acid lower alkyl ester copolymer containing not

‘less than 5% by weight of a methacrylic acid lower alkyl

ester unit be present in the aqueous medium in a
concentration of 0.0001 to 0.95% by weight based on said

styrene monomers.



B it o]

3Q96by_nnle. 5. A process according to claim4, TAGATR 7 | one menber
sel ected fromthe group consisting"of”pOIyethyIJnﬂqxgzmmafnéﬁ@ﬁg;blsanlde,
hexabronocycl ododecane, talc, and a methacrylicf gcid | ower alkyl fester
copol yner containing not |ess than 5% by wei ght}] af @ 4MARA9I% | i c%am d | ower

al kyl ester unit be present in the aqueams nedifurpin a concentifaffi on of
0.0001 to 0.95% by wei ght based on said Sstyrenq npnoners.

EXPANDABLE STYRENE RESIN BEADS AND PROCE§S FOR PRODUCING
' - - THE SAME

ABSTRACT OF THE DISCLOSURE

An expandable styrene.resin bead containing voids
theréin; wherein the number of the voids present in the area
from the surface of the bead to a depth of 0.1 mm along the
radial direction is not more than 100 per mm? as counted on a
cross section passing through approximately the center of the
bead. A process for producing expandable styrene resin beads
by suspension polymerization is also disclosed in which a
styrene monomer is éuspended in an aqueous medium in the

" presence of an initiator and a suspending agent, and a
blowing agent is incorporated into polymer beads produced,
wherein an alkali metal salt or ammonium salt of persulfuric
acid is added to the reaction syétem in an amount of 0.5 to
30 ppm based on the aQueous medium while the degree of
conversion of éaid monomer is in the range of from 0 to 30%,
and an electrolyte is added to the reaction systeh in a
concentration of 0.02 tol5.0 mol/l based on the aqueous
medium when the degree of conversion is 30% or higher. The
expandable styrene resin bead does not require aging and,
when pre-expanded, show little variation in the.state of the
cells, i.e., expandable styrene resin beads which hardly .

undergo influences of storage conditions.



