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FIELD OF THE INVENTION

The present invention relates to expandable ABS resin
beads suitable for use in producing an expanded molded article
excellent in chemical resistance and toughness and especially
This invention also

in surface appearance and heat resistance.

relates to a process for producing the expandable ABS resin

beads.
BACKGROUND OF THE INVENTION

Polystyrene expanded articles not only are excellent in

cushioning property and thermal insulating property but also

However, polystyrene

have an advantage of easy molding.
expanded articles have drawbacks in that they are inferior in
and toughness. Since

heat resistance, chemical resistance,

such drawbacks of polystyrene expanded articles can be

eliminated with .ABS resin expanded articles, attention is
recently focused on ABS resin expanded articles as a substitute
for polystyrene expanded articles.. .

Expanded ABS resin beads-are produced,_for example, by
a process which comprises disperéing ABS resin beads into an
adding a volatile blowing
agent thereto, heating the contents to a temperature higher by_

at least 20°C than the glass transition temperature of the ABS

resin to impregnate the volatile blowing agent into the ABS
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BACKGROUND OF THE | NVENT| ON Pol ystyrene expanded articles not only
are excellent in cushioring property and thermal insul a’ing property but

al so have an advantage of easy nol ding. However, polystyrene expanded
articles have drawbacks in that they are inferior in heat resistance,
chem cal resistance, and toughness. Since such drawbacks of pol ystyrene

expanded articles can be elimnated with ABS resin expanded articles,

attention is recently focused on ABS resin expanded articles as a

subst it ut eesfior heddst yarhet kapaopediagt Pokegnd of the mdnartbdve®sleton

beads are produced, for exanple, by a process which conprises dispersing

ABS resi ndisathangs oth@ ABuasmssimetradFi Angd dhsseaavetse| megdymginto a

vol atil e bl ow ng L
region having a lower pressure than the inside of the closed
vessel (see JP-A-63-77947 (corresponding to U.S. Patent
4,812,484)). (The term "JP-A" as .used herein means an
"unexamined published Japanese patent application.") This
process, however, has a drawback that an increased production
cost unavoidably results _bécausé the process necessitates
large-scaled equipment, and because the beads are expanded
before being transported from the bead manufacturer to a bead-
processing manufacturer.

On the other hand, proposed techniques for producing
expandable ABS resin beads include a process in which an ABS
resin having a special structure is used and a pfocess in which
the amounts of a volatile blbwing agent and water contained in
ABS resin beads are regulated (see'JP?B—57-48380 and JP-A-50-
12156). (The term "JP-B" as used herein means an "examined
Japanese patent publication.”)

The former process has a drawback that ABS resins
usable therein are limited. The present inventors therefore
investigated the latter process.

However, the latter process was found to have the
following drawbacks. When ABS resin beads are dispersed into
an aqueous medium and a volatile blowing agent is impregnated
into the resin beads in order to produce expandable ABS resin
beads according to the latter process, a large amount of water

e
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tagent thereto, heating the contents to a tenperature higher by at |east

20[err]C than the gl ass-transition tenperature of the ABS resin to

d npregnate the volatile blow ng agent into the ABS

2 resin beads, and then opening one end of the closed vessel to discharge

the ABS resin beads and the agqueous nmediuminto a- region having a | ower

pressure than the inside of the closed vessel (see JP-A-63-77947

(corresponding to U S. Patent 4,812,484)). (The term "JP-A" as used

%Ir gi N MeaRtmesANintdnenani Aesipubkiasgizech Japgnedehpatient vapplidat ilmhowing
agent. As a result, there are cases where the volatile blowing
agent is not impregnated in an amount sufficient for blowing,
resulting in the necessity of an increase in the amount of the
volatile blowing agent to be added ih an aqueous medium.
However, increasing the addition amount of the volatile blowing
agent tends to result in coagulation of ABS resin beads
dispersed in the aqueous mgdium to cause a problem concerning
suspension stability. Moreover, it is difficult ﬁo constantly
obtain expanded beads having the same cell structure from
expandable ABS resin beads having a high internal-water
content, because the cell size and cell- structure of .the
expanded beads vary considerably as the internal-water content
changes with the lapse of time. In addition, even if the
internal-water content of the expandable beads is reduced by
heating or another means, this results in a size reduction of
the cells present near the expanded-bead surface and in the
formatién of a thicker non-expanded layer on the expanded-bead
surface. Because of these structural changes, molded articles
obtained from such expanded beads have a shrunk or melted
surface. Thus, an ABS expanded article having.a beautiful
surface appearance is unobtainable from those expanded beads.

SUMMARY OF THE INVENTION
As a result of intensive studies made by the presen£

inventors in order to eliminate the problems described above,

it has been found that expandable ABS resin beads which can be
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process, however, has a.drawback that an increased produgtion cost

unavoi dably results because t he process necessitates |arge-scaled

@qui pment, and because the beads are expanded before being transported _
fromthe bead manufacturer to a bead- processing nmanufacturer. On
t he ot her hand, proposed techni ques for producing expandable ABS resin
beads include a process in which an ABS resin having a special structure
is used and a process in which the anobunts of a volatile blow ng agent and

wat er cont aixpRthded ABS rﬁﬁﬁ%@b T & LOUWAL B6lvé S e8nd PaBe 54048389208 -
JP- A-50- 12156). (The term"™ B" as used herein neans an "exan1ne§

Japanese paisent ipubprodutefig')an ABS rEB¥d O¥pandalesstidnad RaIMRARCKA

t hat ABS resins ' '
beautiful surface appearance can be obtained by regulating
volatile blowing-agent-impregnated resin beads to have a
internal-water content not higher than a certain value and by
regulating the resin beadé to give, when expanded in an
expansion ratio of 30, expanded beads each having a non-
expanded surface layer in an amount not larger thén a certain
value. The present invention has been completed based on this
finding. |

The present invention provides expandable ABS resin

beads containing a volatile blowing agent, said expandable ABS
resin beads having an internal-water content of 5% by weight or
lower and, when expanded in- an expansion ratio of 30, giving
expanded beads which each has a non-expanded surface layer
having a thickness of not more than 50 um.

The internal-water content of the expandable ABS resin

beads is preferably 4% by weight or lower.

N

The thickness of the non-expanded surface layer of each
expanded bead is preferably from 10 to 30 um.

The present invention further provides, as one method
for obtaining the expandable ABS resin beads, a process which
comprises dispersing ABS resin beads into an aqueous medium-in
a closed vessel and impregnating a volatile blowing agent into
the ABS resin beads, said :aqﬁeous medium containing an

electrolyte at least during the impregnation of the volatile
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usable therein are limted. The present inventors therefore investigated

the latter

pr ocess. “ However, the latter process‘Was found to have

the follow ng drawbacks. When ABS resin heads are dispersed into an
aqueous nedium and a volatile blow ng agent is inpregnated into the resin
beads in order to produce expandable ABS resin beads according to the

| atter process, a |arge anmount of water

3 cones into the resin beads along with the volatile blowing agent. As a

result, theSrowigy GRpast YRAth e ¢ondldrntd-4¥ N ME the electrolyte in the

aqueous medium being from 0.01ito 2 mol/1.

The concentration of the electrolyte in the aqueous
medium is preferably from 0.03 to 1 mol/l.

The aqueous medium preferably has a temperature of from
70 to 140°C.

BRIEF DESCRI?TION QF THE DRAWINGS

Fig. 1 is an optical photomicrograph (x50) of a section
of the expanded bead obtained by expanding one of the
expandable ABS resin beads of Example 1 in an expansion ratio
of 30.

Fig. 2 is an optical photomicrograph (x50) of a section
of the expanded bead obtained by expanding one of the
expandable ABS resin beads- of Comparative Example 3 in an
expansion ratio of 30. .

DETAILED DESCRIPTION OF THE INVENTION

The expandable ABS resin beads of the present invention
are expandable ABS resin beads containing a volatile blowing
agent, which expandable ABS resin beads have an internal-water
content of 5% by weight or iower, preferably 4% by weight or
lower, and thch, when expanded in an expansion ratio of 30,

give expanded beads each having a non-expanded surface layer

having a thickness of not more than 50 um, preferably from 10

to 30 um.
Too high internal-water contents in the resin beads
cause a problem that the expanded molded article obtained from
—_—
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agent is not inpregnated in an anmount sufficient for blewing, resulting in
the necessity of an incréase in the anount of the volatile bl ow ng agent
tto be added in an aqueous nedium However, increasing the addition anount
of the volatile blowing agent tends to result in coagulation of ABS resin
beads dispersed in the aqueous nediumto cause a problem concerning
suspension stability. Mreover, it is difficult to constantly obtain
expanded beads having the same cell structure from expandable ABS resin
beads havitige aresgh beasndlasvadrerimpainredt sulrdemgs @niraxande ssuehand el |
structure of the expanded beads vary considerably as the internal-water
content célargeks ortmelhed spsfack.tine. In addition, even if the

i nternal -water content of the expandabl e beads is reduced by
Too large thicknesses of the non-expanded surface layer

of the expanded beads are undesirable in that not only almost
no improvement is attained in expandability or moldability, but
also such expanded beads cause a problem of an impaired surface
appearance such as a shrunk or melted surface of the resulting
expanded molded article. On the other hand, if the thickness
of the non-expanded surface layer on each expanded bead is too
" thin, there is a fear that melting may occur depending on steam
pressure during molding. Consequently, care should be taken
not to excessively dry the obtained expandable resin beads by
high-temperature forced drying.

The internal-water content of beads is determined as
follows. A precisely weighed portion of the beads is placed in
dry methanol, and the methanol is titrated with Kari Fischexr'’'s
reagent with stirring to determine the surface-water amount.
Another precisely weighed portion of the beads is dissolved in
dry toluene, and the toluene solution is titrated with Karl
Fischer’s reagent with stirring to determine the total amount
of the water adherent to the expandable ABS resin beads and the
water contained in the beadsf The_internal-water content is
obtained by subtracting the’ surface-water amount, i.e.,.the

amount of water adherent to the bead surface, from the total

water amount.
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-heatlng or another neans, this results in a size reduction of the cells
present near the expanded bead surface and in the fornation of a thicker
Ron- expanded | ayer -on t he expanded-bead surface. Because of these
structural changes, nolded articles obtained fromsuch expanded beads have
a shrunk or nelted surface. Thus, an ABS expanded article having a
beauti ful surface appearance i s unobtainable fromthose expanded beads.
SUMVARY OF THE | NVENTI ON As a result of intensive studies made by
the present invemher aonrespaeideido selrifaicealayelre ipr abbead eepandpddinbuve,
It has been found that expandabl e ABS resin beads which can be
expansion ratio of 30, in this invention, means the non-
expanded part which extends from the expanded-bead surface to
the cells present nearest to the surface. The thickness of
this part was determined by cutting out a thin section from the
bead expanded in an expansion ratio of 30, measuring the
thicknesses of randomly selected ten parts of the non-expanded
lajer on an optical photomicrograph of the section, and
'aVeraging the measured values.
Examples of the ABS resin constituting the expandable
ABS resin beads of the present invention or for use in the
process for producing the expandable ABS resin beads, which
process will be described later, include polymers obtained by
polymerizing at least one aromatic vinyl monomer selected, for
example, from styrene, aamethylstyrene, vinyltoluene, t-
butylstyrene, chlorostyrene, and the like with at least one
vinyl cyanide = monomer selected, for example, from
acrylonitrile, methacrylonitrile, a-chloroacrylonitrile, and
the like in the presence of a rubber-like polymer, e.g., a
butadiene polymer, a copolymer of butadiene and a vinyl monomer
copolymerizable therewith, an ethylene-propylene-diene
copolymer, a block copoiymer of butadiene and an aromatic vinyl
monomer, a copolymer of an acrylic ester or a methacrylic ester
and a vinyl monomer copolymerizable therewith, by emulsion

polymerization, bulk polymerization, etc. In this

polymerization, a monomer copolymerizable with the aromatic

—_—
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expanded to a density of 300 g/l or lower and are suitable for use in
produci ng an ABS resin éxpanded article having a beautlful_surface

appearance can be obtained by regulating volatile.

bl ow ng- agent -i npregnated resin beads to have a internal-water content not
hi gher than a certain value and by regulating the resin beads to give,
when expanded in an expansion ratio of 30, expanded beads each having a
non- expanded surface layer in an anount not |arger than a certain value.

The presenyihpyeski oinyads dieaiids mbededr baagd ben gdliyinetifeld ngs another
The present invention provides expandabl e ABS resin :
comonomer. Examples of the comonomer include maleic anhydride,
maleic acid, itaconic acid, N-phenylmaleimide, and
(meth)acrylic esters. Products on the_general market may also
be used.

The ABS resin may contain aﬁ inorganic filler, e.g.,
talc, clay, calcium carbonate, or titanium oxide, an
antioxidant, an antistatic agent, an ultraviolet absorber, a
lubricant, e.g., carbon black, aluminum stearate, zinc
stearate, or aluminum p-t-butylbenzoate, and a flame retardant,

. e.g., tris(dibromopropyl)'phosphaté, pentabromodiphenyl ether,
tetrabromobutane, dibromoethylbenzole, or 1,2,5,6,9,10-
hexabromocyclodecane.

The ABS resin beads. for use in this invéntion are
particles having a size of from 0.5 to 5 mm and obtained by
granulating an ABS resin by strand cutting,'underwater cufting,
hot cutting, etc. The shape of the beads may be spherical or
cylindrical.

One process for obtaining the above-described
expandable ABS resin beads- of this invention comprises
dispersing ABS resin beads into an aqueous medium, preferably,
in the presence of a suspension stabilizer in a closed vessel
and impregnating a volatile blowing agent into the ABS resin
beads. In this process, the aqueous medium contains an

electrolyte at least during the impregnation of the volatile
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%
beads containing a-vol ati-l e bl owi ng agent, said expandabl e ABS resin beads
havi ng an i nternal -wat e¥* content of 5% by weight or |d&wer and, when
expanded in an expansion ratio of 30, giving expanded beads which each
‘has a non-expanded surface |layer having a thickness of not nore than 50
[err] The internal -water content of the expandable ABS resin

beads is preferably 4% by wei ght or .| ower. The t hickness of the
non- expanded surface | ayer of each expanded bead is preferably from10 to
30 [err] blowing Jgenpreeéhh theceneentrathen ¢f dlieleslectrokictedirddie f or
obt ai ni ng the expandabl e ABS resin beads, a process which conprises

di sper si nganesufeBrdipdadeing Fran by rediek{in a closed vessel and

i npregnating a volatile blow ng agent _into _the ABS resin beads, igid
aqueous nediunlcoﬁPSiﬁPﬁ@eﬁﬁlon stabilizer for use in dispersing the ABS

resin beads into an aqueous medium in this invention may be a
product on the general market or may be synthesized. Examples
of the suspension stabilizer include water-soluble polymers,
e.g., poly(vinyl alcohol), methyl cellulose, and

j;;ifvinylpyrrolidone, and §paringly solﬁble inorganic salts,
e.g., magﬁesium pyrophosphate and tficalcium phosphate. These
.suspension stabilizérs may be used in combination with a
surfactant. In the case of employing a sparingly soluble
inorganic salt, this salt is preferably used in combination
with an anionic surfactant, e.g., sodium dodecyl sulfate or
sodium dodecylbenzenesulfonate.

The suspension stabilizer is used preferably in an
amount of from 0.01 to 5.0 éarts by weight per 100 parts by
weight of the ABS resin beads. In the case of using a
combination of a sparingly soluble inorganic salt such as the
aforementioned ones and an anionic surfactant, the amounts of
the sparingly soluble inorganic salt and the anionic surfactant
are preferably from 0.05 to 3.0 parts by weight and from 0.0001
to 0.5 parts by weight,'respectively, per 100 parts by weight
of the ABS resin beads. |

The electrolyte for use in the process of fhe presenﬁ
invention is not particularly limited; and any substance

capable of ionizing in aqueous solution may be used. Examples

-
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:al ectrolyte at |least during the |rrpregnat|on of the volatile
bl owi ng agent, with the oncentration of the electrolytein the aqueous
redi um being from(0.01 to 2 nol /1. The concentration of the
electrolyte in the agueous nmediumis preferably from0.03 to 1 nol/lI.
The aqueous nedi um preferably has a tenperature of from 70 to 140[err]C.
BRI EF DESCRI PTI ON OF THE DRAW NGS
thereof include inorganic salts such as lithium chloride,
sodium chloride, magnesium chloride, potassium chloride,
calcium chloride, ammonium chloride, sodium sulfate, magnesium
sulfate, potassium sulfate, calcium sulfate, aluminum sulfate,
ammonium sulfate, sodium nitrate, magnesium nitrate, potassium
nitrate, calcium-nitrate, amﬁonium nitrate, sodium carbonate,
' magnesium carbonate, potassium carbonate, calcium carbonate,
and ammonium carbonate and water-soluble alkali metal salts of
carboxylic acids such as potassium acetate, stium acetate,
sodium octanoate, sodium benzoaté, and disodium succinate. of
these, the salts of alkali metals such as sodium and potassium
are preferred in that such salts are effective in attaining a
reduced internal-water content even when added in a small
amount and are hence useful for easily obtaining the expandable
ABS resin beads of this invention. In particular, sodium
chloride and sodium sulfate are especially preferred in that
these sodium salts are highly effective in internal-water
content reduction and are suitable for industrial use because
these salts are available at low cost in large quantities.
The amount of the electrolyte added to the aqueous
medium is from 0.01 to 2 mol, preferably from 0.03 to 1 mol,
per liter of the agqueous medium. If the concentration thereof
is lower than 0.01 mol/l, the resin beads obtained cannot have
a sufficiently reduced internal-ﬁater content. Even if the

electrolyte concentration is increased beyond 2 mol/l, not only

the effect of reducing internal-water content is not high for
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Fi g. 1is an opti cal photom crograph (x50) of a section .of the expanded
bead obt ai ned by expanding one of the expandable ABS ré&sin beads of
Exanple 1 in an expansion ratio of 30. Fig. 2 is an optica
phot om crograph (x50) of a section of the expanded bead obtained by
expanding one of the expandable ABS resin beads of Conparative Exanple
3 in an expansion ratio of 30. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The expandabl e ABS resin beads of the present invention
are expandakihe aABSghesiacbealigteondatantgaaivnl, abuteabsovingre ayentcasds ch
expandabl e ABS resin beads have an internal -water content of 5% by wei ght
or | ower, wheefer augpettéimn westghtibity is impaired so significantly
depending on the kind of the electrolyte that the ABS resin
beads tend to coagulate.

No particular limitation is imposed on the time when
the electrolyte is added. Namely, the electrolyte may be added
prior to or during the impregnation of a wvolatile blowing
agent. Usually however, the electrolyte is preferably added
prior to the impregnation from the standpoint of operation.

The temperature of the aqueous medium is preferably
from 70 to 140°C from the standpoints of preventing the
coagulation of ABS resin beads and facilitating the
impregnation of the volatile blowing agent into the ABS resin
beads.

Examples of the volatile blowing agent include oxganic
compounds having a boiling point of B80°C or lower, such as
propane, n-butane, isobutane, n-pentane, isopentane,
neopentane, cyclopentane, hexane, trichlorofluoromethane,
dichlorodifluoromethane, dichlorotetrafluoroethane,
chloromethane, chloroethane, dichloromethane, methanol, and
diethyl ether. These compounds may be used alone or as a
mixture of two or more thereof.

The volatile blowing agent is fed usually in such an

amount as to yield polymer beads having a volatile blowing

agent content of from 1 to 20% by weight. It is possible to
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| ower, and whi ch, when expanded in an. expansion ratio of_30, give expanded
beads each havi ng a non=expanded surface | ayer having a’thickness of not
more than 50 [err] ‘preferably from10 to 30 [err] Too high

i nternal -water contents in the resin beads cause a problemthat the

expanded nol ded article obtained from
6 the resin beads has an inpaired surface appearance such as a shrunk or
nmel ted surface. Too | arge thicknesses of the non-expanded surface’

| ayer enhance expandability byladding a nonvolatile plasticizer or a
volatile solvent, e.g., cyclohexane, xylene, or toluene.

If the expandable ABS resin beads thus obtained are
excessively dried at a high temperature over a prolonéed'time
.period, the beads tend to develop a thick non-expanded layer on
the surface thereof. Accordingly, the drying of expandable ABS
resin beads must be stopped in such a degree that a non-
expanded layer having a thickness of more than 50 pm is not
dé&eloped. The term "drying in such a degree that a non-
expanded layer having a thickness of more than 50 um is not
developed" herein means a drying operation which reduces the
internal-water content of the expandable beads by up to 30% of
the internal-water content before the drying. For example, the
ABS resin beads impregnated-with a volatile blowing agent are
taken out of the closed vessel and then centrifuged, following
which the water adherent to the bead surface is removed with
nitrogen, air, etc. to such a degree that the percent decrease
of internal-water content resulting from the final step does
not exceed 30%. The percent decrease of internal-water content
means the proportion of the reduced internal-water amount
caused by the drying with nitrogen, air, etc. to the amount of
internal water immediately after the centrifuging of the ABS
resin beads impregnated with a volatile blowing agent.

The present invention will be explaihed below in more

detail by reference to the following Examples and Comparative
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of the expanded beads are. undesirable-in that not only al.nost no

i nprovenment is attained in expandability or noldability, but also such
expanded beads cause a problem of an inpaired surface appearance such as a
shrunk or nelted surface of the resulting expanded nolded article. On the
other hand, if the thickness of the non-expanded surface |ayer on each
expanded bead is too thin, there is a fear that nelting may occur
dependi ng on steam pressure during nolding. Consequently, care should be
taken not Bxmngxbessibetythey invendhitcr neidoekpandabbe remisthralisadybeing
hi gh-tenperature forced drying. The internal -water content of
beads is datisriietbdcasthésé| BuesmpAepr ovilysl y wei ghed portion of the beads
is placed in dry nethanol, and the nethanol is titrated with Karl

Fi scher's EXAMPLE 1

An ABS resin feedstock having a monomer composition of
styrene/butadiene/acrylonitrile=62.9/14.6/22.5 (weight ratio),
an -average rubber particle diameter of 0.14 um, and a softening
temperature of 102°C was melted with a 30-mm single-screw
extruder, aﬁd then granulated with an underwater cutting die to
obtain ABS resin beads weighing 1.2 mg per bead.

To synthesize magnesium pyrophosphate, 4.0 g of sodium
phosphate, 8.0 g of magnesium sulfate, and 900 g of ion-
exchanged water were introduced into a 3-liter autoclave
equipped with a stirrer.  Subsequently, 0.45 g of sodium
dodecyl sulfate, 27 g of sodium chloride, and 600 g of ABS
resin beads were introduced. The concentration of the
electrolytes which consisted of sodium chloride and sodium
sulfate was 0.54 mol/l in the ion-exchanged water. Sodium
sulfate was the by-product in synthesizing:magnesiunlphosphate.
After the contents were heaied to 120°C over a period of 1
hour, 66 g of pentane was added. - The resulting mixture was
maintained at 120°C for 10 hours and then cooled to room
temperature.

The expandable ABS resin beads obtained were taken out
of the autoclave, and the magnesium.pyrophosphate adherent to
the bead surface was dissolved away with nitric acid. The

expandable beads were washed with water and then centrifuged.
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reagent with stirring to determne the sur f ace- wat er anount. Anot her

preci sely wei ghed portlon ‘of the beads is dissolved in ‘dky toluene, and
the toluene solution is titrated with Karl Fischer's reagent with stirring
to deternmine the total anount of the water adherent to the expandabl e ABS
resin beads and the water contained in the beads. The internal-water
content is obtained by subtracting the surface-water anount, i.e., the
amount of water adherent to the bead surface, fromthe total water anount.

Subsequently, the expandable ABS resin beads were placed in a
cylindrical metal vessel having an inner diameter of 10 cm and
a height of 25 cm and fitted on its bottom and top sides with
a metal netting having an opening $ize of 0.1 mm. Dry nitrogen
having a temperature of 20°C was blown into the cylindrical
vessel from its bottom at a rate of 500 1/min for 10 minutes to
dry the beads.

The expandable ABS.resin beads thus dried were mixed in
an amount of 100 parts by weight with 0.2 parts by weight of
zinc stearate, 0.1 part by weight of a glycerine stearate, and
0.01 part by weight of a bis(hydroxyethyl)alkylamiﬁe to coat
the individual beads with these ingredients. The coated beads
were introduced into a batch pre-expander equipped with a
stirrer, and steam was blown thereiﬁto at a pressure-of 1.0
kgf/cm? to thermally expand the beads in an expansion ratio of
30. Thus, expanded ABS-resin.beads were obtained.

The expanded beads thus obtained were filled into a
mold and heated with steam for 15 seconds at a steam pressure
of 0.8 kgf/cm? to obtain an expanded molded article.

The following methods were used to evaluate the ABS
resin for rubber particle diameter and softening temperature,
to evaluate the expandable resin beads obtained by the method
described above for internal-water content, _the pércent
decrease of internal-water  content, non-expanded-layer
thickness and volatile content, and to evaluate the expanded

molded article for surface appearance and heat resistance.
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The non-expanded surface |ayer in a bead expanded in an _expansion ratio of
30, in this invention, neans the non- expanded part whith extends fromthe
expanded- bead surface to the cells present nearest to the surface. The
thickness of this part was determ ned by cutting out a thin section from
the bead expanded in an expansion ratio of 30, neasuring the thicknesses
of randomy selected ten parts of the non-expanded |ayer on an opti cal

phot om crograph of the section, and averaging the neasured val ues.
Exanpl es of the ABNeamsivensaistof URnlbherhbagxpaidabDieameABS raSiABDRES: ©f
the present invention or for use in the process for producing the
expandabl e TABSdiesierttehrsads, avhiugldrest dee dsvonilundoredie sofr ihdwbentmartickeside

pol ymers obt ai ned by
were measured on a photograph taken with a TEM, and the average
thereof was calculated usihg the following equation. |
Average particle diameter = ENiD’/ZNiD
Softening Temperature: Vicat softening temperature
.measuréd in accordance with JIS K7206 (1993).

Internal-water Content: A precisely weighed portion of
the beads was placed in dry methanol, and the methanol was
titrated with Karl Fischer’s reagent with stirring to determine
the surface-water amount. Another precisely weighed portion of
the beads was dissolved in dry .toluene, and the toluene
solution was titrated with Karl Fischer’s reagent with stirring
to determine the total amount of the water adherent to the
expandable ABS resin beads and the water contained in the
beads. The internal-water content was obtained by subtracting
the surface-water amount,li.e., the amount of water adherent to
the béad surface, from the total water amount.

Percent Decrease of Internal-water Content: The
internal-water content of the ABS resin beads impregnated with
the volatile blowing agent was measured by the above-described
method immediately after centrifuging and after drying with
nitrogen, air, etc., and the difference between the thus-.

‘obtained two values of internal-water content was divided by

the former wvalue.
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pol ynerizing at |east one aromatic V|nyI nononer sel ected, for exanple,
fromstyrene, [err]-nethyl styrene, V|nyItquene, t- butyl styrene,

chl orostyrene, and the like with at | east one vinyl cyanide nononer
sel ect ed, for exanpl e, from acrylonitrile, nmethacrylonitrile,
[err]-chloroacrylonitrile, and the like in the presence of a rubber-1like
polyner, e.g., a butadiene polyner, a copolyner of butadiene and a vinyl
nmononer copol yneri zabl e t herew t h, an et hyl ene- propyl ene- di ene

copol yner, a bi ockneOpehyEET o8l NeWLRHRIRIRN L.APe R OMRl ithi¥ NYdct {BNOFRE, a
copolymer of an acrylic ester or a nethacrylic ester and a vinyl nononer

copol yner igablgnd Rergmidh edparsiad Sedd, podd nitié zethicnesHes kof randomly

pol ymeri zati on, etc. In this polynerlzatlon a nonormer

copol yner iszild et od tten hepaatonafi the non-expanded layer were measured on
an optical photomicrograph of the section and averaged.

Measurement of Volatile Content: A weighed sample was
neated at 120°C for 4 hours, and then weighed again. The
volatile content was calculated from the weight change
resulting from the heating.

Surface Appearance: The surface appearance of the
expanded molded article was visually evaluated based on the
following criteria.

O0; The molding has almoét no shrunk or melted surface and
almost no gaps.

a; A shrunk or melted surface or gaps are observed.

x; A considerably shrunk or melted surface or considerable
gaps are observed.

Heat Resistance: The expanded molded article was cut
into a test piece having dimensions of 50 x 50 x 25 mm, and
heated at 90°C for 22 hours. Test pieces which showed a degree
of deformation lower than 1% through the heating are indicated
by O, and test pieces showing a degree of deformation of 1% or
higher are indicated by x.

EXAMPLE 2

The same proéedure as in Example 1 was carried out,

except that an ABS resin having a monomer composition of

styrene/butadiene/acryidnitri1e=62.8/15.0/22.2(weightratio),

1 s Sheet Has Been Rerilaced




8 vinyl or vinyl cyanide nononer nay,be pol ynmeri zed as -anot her conononer.
Exanpl es of the conpnoner include mal eic anhydride, mal'eic aci d,
ktaconic aci d, ‘N- phenyl nal ei m de, and (nmeth)acrylic esters. Products
on the general narket may al so be used. The ABS resin may contain
an inorganic filler, e.g., talc, clay, calcium carbonate, or titanium
oxide, an antioxidant, an antistatic agent, an ultraviolet absorber, a
| ubricant, e.g., carbon black, alumnum stearate, zinc

an average rubber particle diameter of 0.21 um, and a softening

temperature 6f 97°C was used as a feedstock.

EXAMPLE 3

The same procedure as in Example 1 was carried out,
except that an ABS resin having a monomer composition of
styrehe/butadiene/acrylonitrile=62.0/15.1/22.9 (weight ratio),
an average rubber particle diameter of 0.20 pm, and a softening
temperature of 100°C was used as a feedstock.

EXAMPLE 4

The same procedure as in Example 1 was carried out,
except that an ABS resin having a monomer composition of
styrene/butadiene/acrylonitrile=6l.2/16.5/22.3(weightratio),
an average rubber particle diameter of 0.30 pm, and a softening
temperature of 95°C was used.as a feedstock.

EXAMPLE 5 -

Into a 3-liter autoclave were introduced 600 g of the
same ABS resin beads as used in Example 1, 900 g of ion-
exchanged water, 4.5 g of tricalcium phosphate, 0.045 g of
sodium dodecylbenzenesulfonate, and 45 g of sodium chloride.
The subsequent procedure was carried out in the same manner as
in Example 1. The . concentration of the electrolyte in the
aqueous medium was 0.85 mol/l.

EXAMPLE 6
Into a 3-liter autoclave were introduced 600 g of the

same ABS resin beads as used in Example 1, 900 g of ion-

exchanged water, 4.0 g of sodium pyrophosphate, 8.0 g of

- 17 - Sheet Has Been Replaced
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3

stearate, or alum num p-t-butyl benzoate, and a flanme retardant, e.g.,
tris(di bronopropyl) phosphate, pentabronodi phenyl ether; . tetrabronobutane,
a8 br onoet hyl benzol e, or 1,2,5,6,9,10- hexabronocycl odecane.

The ABS resin beads for use in this invention are particles having a size
of from0.5 to 5 mmand obtained by granulating an ABS resin by strand
cutting, underwater cutting, hot cutting, etc. The shape of the beads may
be spherical or cylindrical. One process for obtaining t he

Above: desciisde RAPURRl fo AR 51 1sD5A0R Bbcliled dAWEI Ol £PLRL] 5o

di spersing resin T htD an aqueous ne |un1 pre

presence OLubeSRAS LALAMANS I GEL £82216hOBRE YeoIHe Uik MERAGPAL "t

vol atile blown
Example 1. The concentration of the electrolytes in the

aqueous medium was 0.03 mol/l.
EXAMPLE 7
Into a 3-liter autoclave were introduced 600 g of the
same ABS resin beads as used in Example 4, 900 g of ion-
exchanged water, 4.0 g of sodiuml.pyrophosphate, 8.0 g of
magnesium sulfate, 0.45 g of sodium dodecyl sulfate, and 9 g of
sodium sulfate. The subsequent procedure was carried out in
the same manner as in Example 1. The concentration of the
electrolytes in the aqueous medium was 0.10 mol/l.
EXAMPLE 8
The same procedure ‘as in Example 1 was carried out,
except that the amount of sodium chloride was changed to 63 g.
The concentration of the electrolytes in the aqueous medium was

1.22 mol/1l. |
COMPARATIVE EXAMPLE 1

The same procedute as in Example 1 was carried out,
except that 600 g of the same ABS resin beads as used in
Example 1 were introduqed'into a 3-liter autoclave along with

" 900 g of ion-exchanged water, 4.5 g of tricalcium phosphate,
and 0.045 g of sodium dodecjlbenzenesulfonate.
COMPARATIVE EXAMPLE 2
The same procedure as in Example 1 was carried out,

except that 600 g of the same ABS resin beads as used in

ThlS Sheet Has- Bcen Re 1'1ced
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beads. In this process, the aqueous medi um cont ai ns “an el ectrolyte at

| east during the inpregnation of the vol atil e
+9- blowi ng agent, with the concentration of the electrolyte in the

aqueous nedi um being from0.01 to 2 nol/|I. The suspensi on
stabilizer for use in dispersing the ABS resin beads into an aqueous
‘mediumin this invention nay be a product on the general nmarket or may be
synt hesi zed. Exanples of the suspension stabilizer include water-soluble
pol ymers, Example 1 were introduced into a 3-liter autoclave along with
900 g of ion-exchanged water, 4.5 g of tricalcium phosphate,
and 0.045 g of sodium dodecylbenzenesulfonate, and except that
the addition amount of pentane was changed to 150 g. The ABS
resin beads taken out from the autoclave after impregnation of
the volatile blowing agent.were found to have been lightly
coagulated. Hence, the ABS resin beads partia;ly coagulated
were separated into individual beads by hand; before being
subjected to the subsequent treatments (pickling, drying,
étc.), expansion, and molding.
QQMBAEAEiHE_EEAMEQE_i
The expandable ABS resin beads obtained in Comparative
Example 2 were dried in a 50°C nitrogen stream for 60 minutes
to reduce the internal-water_ content of the beads.
Table 1 summarizes electrolyte concentration and drying
‘condition for each of the Examples and Comparative Examples
given above; the volatile content aﬁd internal-water content of
each expandable resin bead sample ‘obtained, the percent
decrease of internal-water contenf, the thickness of non-
expanded layer and the surface appearance and heat resistance
of each expanded molded article.
| The results given in Table 1 show that the expandable
ABS resin beads according to the presenﬁ invention (Examples 1
to 8) had excellent expandability and excellent.moldability
regardless of the softening temperature of the feedstock ABS

resin. In contrast, in the case of the expandable ABS resin

Thlb Sheet Has Been Reilaced
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e.g., pol y- (vi nyl al.cohol ), met hyl cellul ose, .---and

pol yvi nyl pyrrolidone, and sparingly soluble inorganic salts, e.g.,
ragnesi um pyrophosphate and tri cal ci um phosphate. These suspension
stabilizers may be used in conmbination with a surfactant. |In the case of
enpl oying a sparingly soluble inorganic salt, this salt is preferably used
I n conbination wth an anionic surfactant, e.g., sodium dodecyl sulfate or
sodi um dodecyl benzenesul f onat e. The suspension stabilizer is used
pr ef er abl yeadshawimg ttomthifghomrn) ot exn sl vaker scoytart ghthpermavot paft s
by weight of the ABS resin beads. In the case of using a conbination of
a spari nglthesgadatd e drlparing agents ampregnaked a‘fhﬁ’é%ﬂ%?o‘ﬁ%ﬁ BARSSBRYL an
anionic surfactant, the anmounts of the sparingly solubig Lngnganic saAt
and the afionimpants satdsfactory expandability ‘and moldability to the

expandable beads (Comparative Example 1). In the case of the
expandable ABS resin beads whose internal-water content had
been reduced by forced drying at an elevated temperature,
impregnation of a larger amount of the volatile blowing agent
was necessary to sufficient_expansion, so that not only the ABS
resin beads tended to coagulate during the impregnation of the
volatile blowing agent but also a poor surface appearance

resulted (Comparative Example 3).

- 20 - . This Sheet Has Been RTlaccd
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cal cium chl ori de, amonium chl ori de, sodium sul fate, magnesium sulfate,
pot assi um sul fate, cal ci-um sul fate, alum numsul fate, afmonium sulfate,
sodiumnitrate, magnesiumnitrate, potassium nitrate, calciumnitrate,
ammoni um nitrate, sodi um carbonate, nmagnesi um carbonate, potassium
carbonate, cal cium carbonate, and anmoni um carbonate and wat er-sol ubl e
al kali metal salts of carboxylic acids such as potassium acetate, sodi um
acetate, sodi um BBEanexRandasti une e oapstigd@sdi KRkakRedccfrgfe. thy
these, the salts gf al kali mptals such as sodi um and potassi um are
pr ef er r ed®¥R2PAGPLIEU AP Fesin Beaflife &f VEN® nPREEST r}d“’aFm'r’e%f?chave an
i nternal -wat er congent even when.added_in _a_smal | %ﬁpunt ang grﬁ h%%%%
useful foFP*E8ERLYY Kth%q%;t?ﬁ?%&%ﬁndﬁBPgarﬂggere beR8ESbFEPRi s
inventionres.éﬁagggticular, sodi um chloride and sodiumsulfate are
TRrerreéd in that -

especial ly™p
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 thaﬁ various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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these sodiumsalts are highly effectlve In internal - nt ent
reducti on and are suitabl’e for |ndustr|al use because e etsalts are

available at Iow cost in |arge quantities,. The

electrolyte added to the aqueous nediumis fromO. 01 tof

from0.03 to 1 nol, per liter of the aqueous medium [f:F : |
thereof is |ower than 0.01 nol /1, the resin beads obt dined cannot have a
sufficiently reduced internal - wat er content. Even if the electrolyte

concentrat g7 $si pemadEed eyond 2 nol /1, not only the effect of reducing
i nternal -water content is not high for

1. Expandable ABS resin beads containing a volatile
blowing agent, said expandable ABS resin beads having an
internal-water content of 5% by weight or lower and, when
expanded in an expansion ratio of 30, giving expanded beads
which each has a non-expanded surface layer having a thickness
of not more than 50 pm.

2. The expandable ABS resin beads as claimed in claim
1, wherein the internal-water content of the expandable ABS
resin beads is 4% by weight or lower.

3. The expandable ABS resin beads as claimed in claim
1, wherein the thickness of the non-expanded sﬁrfaée layer of
each expanded bead is from 10 to 30 um.

4. A process for producing expandable ABS resin beads
which comprises dispersing ABS resin beads into an agqueous
‘medium in a closed vessel and impregnating a volatile blowing
-agent into the ABS resin beads, said aqueous medium containing
an electrolyte at least during the impregnation of the volétile
blowing agent, with the concentration of the electrblyte in the
agueous medium being from 0.01 to 2 mol/1.

5. The process for producing expandable ABS resin
beads as claimed in claim 4, wherein the concentration of the
electrolyte in the aqueous medium is from 0.03 to 1 mol/l.

6. The process for producing expandable ABS resin
beads as claimed in claim 4, wherein the aqueous medium has a

temperature of from 70 to 140°C.

* [ L M s *



such a high electrolyte.concentration, but also there are cases where
suspension stability is-tnpaired so significantly depending on the kind of
the electrolyte that the ABS resin beads tend to coagul ate. No
particular limtation is inposed on the tinme when the electrolyte is
added. Nanely, the electrolyte may be ag?$d prior to or during the

| npregnation of a volatile blow ng agé ' Usually however, the

el ectrolyte is preferably added prior to the inpregnation fromthe

st andpoi nt of operati on. The tenperature of the aqueous nmediumis
preferably from 70 to 140[err]C fromthe standpoints of preventing the

FIG. 1
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coagul ation of ABS resin beads and facilitating the inpregnation of

the volatile blow ng agent into the ABS resin beads. Exanpl es of
the volatile blow ng agent include organic conpounds having a boiling
poi nt of 80[err]C or |ower,EXPANDABLE ARS GPSIN: BEADSI-ANDt ane, i sobut ane,

n- pent ane, i sopent ane, RROGESS &08, PRODYCINGpEHE HAME hexane,
trichl orofl uoronet hane, dichl orodifl uoronet hane,
di chl orot etrafl uoroet hane, chl oronet hane, chl oroet hane, di chl or onet hane,

Txture of two or more ELZFM%M%S' agent i's fed
usual 11 sueh e Hs!! 0! HiBA e UR AR © 47 e
blowing agent are disclosed which have an internal-water
content of 5% by weight oxr lower and, when.expanded in an
expansion ratio of 30, give expanded beads each having a non-
expanded surface layer having a thickness of not more than-50
um. A process for producing the expandable ABS resin beads is
also disclosed which comprises diséersing ABS resin beads into
an agueous medium in a closed vessel and impregnating a
volatile blowing agent into the ABS resin beads, said aqueous
medium containing an .electrolyte at least during the
impregnation of the volatile blowing agent, with the
concentration of the electrolyte in the agqueous medium being
from 0.01 to 2 mol/l. The expandable resin beads are capable
of giving an expanded molded article excellent in chemical
resistance and toughness and_especially in surface appearance

and heat resistance.

-
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_32 .enhance expandability by adding a nonvolatlle pl astici zer or

ol atil e solvent, e.g., cyc
@xpandabl e ABS resin beads
tenperature over a prolonge
t hi ck non-expanded | ayer on
of expandabl e ABS
non- expanded | ayer

| ohexane, xyl ene, or

t hus obtai ned are

dtine period, the
the surface t her eo

t ol uene. If the

96 %3%331&

resin beads nmust be_btopped in such a degree that a
having a thickness of nore than 50 [err]

i s not
EXPANDABLE ABS RESIN BEADS AND .
PROCESS FOR PRODUCING THE SAME

FIELD OF THE INVENTION

~ The present invention relates to expandable ABS resin
beads suitable for use in producing an expanded molded article
excellent in chemical resistance and toughness and especially
This invention also

in surface appearance and heat resistance.

relates to a process for producing the expandable ABS resin

‘beads.

BACKGROUND OF THE INVENTION

. Polystyrene expanded articles not only are excellent in

cushioning property and thermal insulating property but also

However, polystyrene

have an advantage of easy molding.
expanded articles have drawbacks in that they are inferior in

heat resistance, chemical resistance, and toughness. Since

such drawbacks of polystyrene expanded axrticles can be

eliminated with ABS resin expanded articles, attention is

recently focused on ABS resin expanded articles as a substitute

for polystyrene expanded articles.

Expanded ABS resin beads are produced, for example, by

a process which comprises dispersing ABS resin beads into an

agqueous medium in a closed vessel, adding a volatile blowing

agent thereto, heating the contents to a temperature higher by

at least 20°C than the glass transition temperature of the ABS

(

resin to impregnate the velatlle blowxng agent 'into the ABS
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&éveloped. The term"drying in such a degree that a non- expanded | ayer
havi ng a thickness of nore than 50 [err] is not devel oped” herein neans a
dryi ng operation which reduces the i nternal -water content of the
expandabl e beads by up to 30% of the internal -water content before the
drying. For exanple, the ABS resin beads inpregnated with a volatile

bl ow ng agent are taken out of the cloged vessel and then centrifuged,

fol | owi ng whi ch the water adherent to™The bead surface is removed with

ni trogen, zegin dreadse é&@htbeﬁegpéélﬁﬁatoq%@'ﬁ’e Mheeciesrd vegpel to

i nternal -water content resulting, fron1the fi step does not exceed 30%
The percerﬁl%@@%@%etbf—‘ ARSerFRs LaPepd éoﬁ‘t”&tt he @ H?oi“ﬁe"ﬁrdd-b’&t’r‘b?f’o?

i, oic. xegAm BRGLAG o LOVER RAS HER cFPEREAPar B e T SESSed

Centrlqu[JgLéglthgéégﬁ;JP-A—63-77947 (corresponding to U.S. Patent
4,812,484)). (The term "JP-A" as used herein means an
"unexamined published Japanese patent application.") This
proceés, however, has a drawback that an increased production
cost - unavoidably results _becausé the process nécessitates
large-scaled equipmeﬁt, and because. the beads are expanded
before being transported from the bead manufacturer to a bead-
'processing manufacturer. |

On the other hand, proposed techniqﬁes for prodqcing
‘expandable ABS resin beads include a process in which an ABS
resin having a special structure is used and a procéss in which
the amounts of a volatile biowing agent and water contained in
Aﬁs resin beads are regulated (sée JP-B-57-48380 and JP-A-50-
12156). (The term "JP-B" as used herein means an "examiﬁed
Japanese patent publication."”)

The former process has a drawback that ABS resins
usable therein are limited. Thé preéent inventors therefore
investigated the latter process. |

However, the latter procesé was found to have the
following drawbacks. When ABS resin beads are dispersed into
an aqueous medium and a #olatile blowing agent is impregnated

into the resin beads in order to produce expandable ABS resin

beads according to the latterlprocess, a large amount of water

This is the réplacement sheet
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resin beads inpregnated with a volatile bl owing agent. The present

i nvention will be explained belowin nore detail by reference to the
ol | owi ng Exanpl es and Conparative :

13 Exanpl es, but the invention should not be construed as being Ilimted
to these Exanples only. : EXAMPLE 1 An

ABS resin feedstock having a nononer con%osition of
styrene/ but adi ene/ acrylonitril e=62.9/14.6/22.5 (weight ratio),
comes into the resin beads along with the volatile blowing
agent. As a result, there are cases where the volatile blowing
agent is not impregnated in an amount suffiéient for blowing,
resulting in the necessity of an increase in the amount of the
volatile blowing agent to be added in an aqueous medium.
However, increasing the addition amount of the volatile blowing
agent tends to result in coagulation of ABS resin beads
dispersed in the aqueous medium to cause a problem concerning
suspension stability. Moreover, it is difficult to constantly
obtain expanded beads having the saﬁe cell structure from
expandable ABS resin beads having a high internal-water
content, because the cell size and cell structure of the
expanded beads vary considerably as the internal-water -content
changes with the lapse of time. _In addition, even if the
internal-water content of the ékpandable beads is reduced by
heating or another means, this results in a size reduction of
the cells present near the expanded-bead surface and in the
formation of a thicker non-expanded layer on the expanded-bead
surface. Because of these structural changes, molded articles
obtained from such expanded beads have a shrunk or melted
surface. Thus, an ABS expanded article having a beautiful
surface appearance is unobtainable from those expanded beads.

SUMMARY OF THE INVENTION

As a result of intensive studies made by the presenf
inventors in order to eliminate the problems described above,

it has been found.that expandable ABS resin beads which can be

This is the replacement sheet
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an average rubber particle dianeter of 0.14 [err] and a softening
tenperature of 102[err]C was nelted with a 30-mm si ngl e-screw extruder
and then granulated with an underwater cutting die to obtain ABS resin
beads wei ghing 1.2 ng per bead. To synt hesi ze nmagnesi um
pyr ophosphate, 4.0 g of sodium phosphate, 8.0 g of magnesi um sul fate, and
900 g of ion- exchanged water were intrg@duced into a 3-liter autoclave
equi pped with a stirrer. Subsequent | y,“—0. 45 g of sodi um dodecyl
sul fate, 2&xgaofledodioum densiitgepfadd@0660 1goaf lLaB®r mgwl _Rré@adstadias or
I.nt r oduced. The concentration of the electrolytes which consisted of
sodi um chl ssedeiandswiiicing s@nf ahBSwasedifd expahded taetiobeextdainggd a
wat er . Sodi um sul fate was the by-product i'n synthesizing nagnesium
phosphat e. beautiful surface appearance can be obtained by regulating
volatile blowing-agent-impregnated resin beads to have a
internal-water content not higher than a certain value and by
regulating the resin beads to give, when expanded in an
expansion ratio of 30, expanded beads each having a non-
expanded Surface layer in an amount not larger than a certain
value. The present invention has been completed based on this
finding.
The present invention provides expandable ABS resin
- beads containing a volatile blowing agent, said expandable ABS
resin beads having an internal-water content of 5% by weight or
lower and, when expanded in- an expansion ratio of 30, giving
expanded beads which each has a non-expanded surface layer
having a thickness of not more than 50 um.

The internal-water content of the expandable ABS resin
beads is preferably 4% by weight or lower.
The thickness of the non-expanded surface layer of each

expanded bead is preferably from 10 to 30 um.

The present invention further provides, as one method
for obtaining the expandable ABS resin beads, a process which
comprises dispersing ABS resin beads into an agueous medium in
a closed vessel and impregnating a volatile blowing agent into
the ABS resin beads, said aqueous medium containing an

electrolyte at least during the impregnation of the volatile

This iz the repiacement sheet
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After the contents were heated to 120[err]C over a period of 1 hour, 66 g

of pentane was added. The resulting m xture was nmaintained at 120[err]C

kor 10 hours and then cooled to room tenperature.. The expandabl e

ABS resin beads obtained were taken out of the autoclave, and the

- magnesi um pyrophosphat e adherent to the bead surface was dissol ved away
wth nitric acid. The expandabl e beads were washed with water and then

centrifuged. T 14 Subsequently, the

expandabl e RS, iR g R0 Wi Bhel 86REechBr@tion of the electrolyte in the

agueous medium being from 0.01?to 2 mol/1.
The concentration of the electrolyte in the aqueous
medium is preferably from 0.03 to 1 mol/l.
The aqueous medium preferably has a temperature of from
- 70 to 140°C.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an optical photomicrograph (x50) of a section
of the expanded bead obtained by expanding one of the
expandable ABS resin beads of Exaﬁple 1 in an expansion ratio
.of 30. |

Fig. 2 is an optidal photomicrograph (x50) of a section
of the 'expanded bead obtained by expanding one of the
expandable ABS resin beadeof Comparative Example 3 in an
expansion ratio of 30. |

DETAILED DESCRIPTION OF THE INVENTION

The expandable ABS resin beads of the present invention
are expandable ABS resin beads containing a volatile blowing
agent, which expandable ABS resin beads have an internal-water
content of 5% by weight or iower, preferably 4% by weight or
lower, and which, when expanded in an expansion ratio of 30,
give expanded beads each having a non-expanded surface layer
.having a thickness of not more than 50 pm, preferably from 10
to 30 um.

Too high internal-water contents in the resin beads

cause a problem that the expanded molded article obtained from
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cylindrical netal vessel having an inner dianmeter of 10 cm and a hei ght
of 25 cmand fitted on its bottomand top sides with a netal netting
kRavi ng an opening size of 0.1 nm Dry nitrogen havi ng a tenperature of
20[err]C was blown into the cylindrical vessel fromits bottomat a rate
of 500 1/mn for 10 mnutes to dry the beads. The expandabl e
ABS.resin beads thus dried were nmixed i % an anount of 100 parts by wei ght
with 0.2 parts by weight of =zinc stearate, 0.1 part by weight of a

gl yceri ne thearasin bedds0hdb mav tinpaiweéghsuofage appearance such as a
bi s( hydr oxyet hyl )al kyl amine to coat - the individual beads with these

i ngr edi entshruhle evanetteédadsrfaeee i ntroduced into a batch pre-expander

equi pped with a stirrer, and steamwas bl own thereinto at, a pressuy e of
1. Too large thicknesses of the non—expanded surface layer

of tﬁe expanded beads are undeéiréble in that not only almost
no improvement is attained in expandability or moldability, but
also such expanded beads cause a problem of an imp;ired surface
appearance such as a shrunk or melted surface of the resultihg
expanded molded article. On the other hand, if the thickness
of the non-expanded surface layer On-each expanded bead is too
thin, there is a fear that'melting may occur depending on steam
pressure during molding. Consequently, care should be taken
not to excessively dry the obtained expandable resin beads by
high-temperature forced drying.

The internal-water contént.of beads is determined as
folldws. A precisely weighea portion of the beads is placed in
dry.methanol, and the methanol is titrated with Karl Fischer’s

. reagent with stirring to detexrmine the su;face-water amount.
Another pfecisely weighed portion of the beads is dissolved in
dry toluene, and the toluene solution is titrated with Karl
Fischer's reagent with stirring to determine the total amount
of the water adherent to the expandable ABS resin beads and the
water contained in the beads. The internal-water content is
obtained by subtracting the’ surface-water amount, i.e., the

amount of water adherent to the bead surface, from the total

water amount.
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kgf/cnferr] to thermally expand the beads in an expansion ratio of 30.
Thus, expanded ABS resin beads were obtai ned. The expanded beads
thus obtained were filled into a nold and heated with steamfor 15 seconds
at- a steam pressure of 0.8 kgf /cnR to obtain an expanded nol ded article.
"The follow ng nethods were used to evaluate the ABS resin for rubber
particle dianeter and softening tenperature, to evaluate the expandable
resin beads obtained by the nethod described above for internal-water
content, the percdifte "fecraxpandast sunfipes dayemter a2 beadt enpanded in an

non- expanded- | ayer thickness and volatile content, and to evaluate the
expanded STRAEREQL t FELLf 0P L s i racdnappebf addweaiHd rat MeadiSst Fhe non-

expanded part which extends from the expanded-bead surface to
the cells present nearest to the surface. The thickness of
this part was determined by cutting out a thin section from the
bead expanded in an expanﬁion ratio of 30, measuring the
thicknesses of randomly selected teh parfs of the non-expanded
layer on an optical photomicrograph of .the section, and
averaging the measured values.

Examples of the ABS resin constituting the expandable
ABS resin béads of the present invention or for use in the
process for producing the expandable ABS resin beads, which
process will be described later, include polymers obtained by
polymerizing at least one aromatic vinyl monomer selected, for
examéle, from styrene, a-ﬁethylstyréne, vinyltoluene, t-
butyl;tyrene, chlorostyrene, aﬁa the like with at least one
vinyl cyanide monomer selected, _for example, from
acrylonitrile, methacrylonitrile, a-chloroacrylonitrile, and
the like in the presence of a rubber-like polymer, e.g., a
butadiene polymer, a copolymer of butadiene and a vinyl monomer
copolymerizable therewith, an ethylene-propylene-diene
copolymer, a block copolymer of butadiene and an aromatic vinyl
monomer, a copolymer of an acrylic'éster or a methacrylic ester
and a vinyl monomer cdpolymerizable“therewith, by emulsion
polymerization, bulk polymerization, etc. In this

polymerization, a monomer copolymerizable with the aromatic
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15 Measur enent of Rubber Particle D anmeter of ABS Resin: The

di anmeters of a hundred to two hundreds of rubber particles were neasured
en a photograph taken with a TEM and the average t her eof was cal cul at ed
using the follow ng equati on. : Average particle dianeter =
ENiDlerr] /EN D Sof t eni ng Tenper at ur e: Vi cat softening
tenperature neasured in accordance w th8J1S K7206 (1993).

I nternal -water Content: A precisely weighed portion of the beads was

pl aced i n Wy hehandnylasyanidenmongnsr waay bet pelamesiaprkas fnoEher s

reagent with stirring to determ ne ) . )
comonomer. Examples of the comonomer include maleic anhydride,

maleic acid, itaconic acid,  N-phenylmaleimide, and
(meth)acrylic esters. Products on the general market may also
be used.

The ABS resin may contain an inorganic filler, e.g.,
talc, <clay, calcium carboha;e, or titanium ' oxide, an
antioxidant, an antiétatic_agent, an ultraviolet absorber, a
lubricant, e.g., carbon black, aluminum stearate, zinc
stearate, or aluminum p-t-butylbenzoate, and a flame retardant,
e.g., tris(dibromopropyl) phosphaté, pentabromodiphenyl ether,
tetrabromobutane, dibromoethylbenzole, or 1,2,5,6,9,10-
hexabromocyclodecane.

The ABS resin beads. for use in this invention are
particles having a size of from 0.5 to 5 mm and obtained by
granulating an ABS resin by strénd cutting, underwater cutting,
hot cutting, etc. The shape of the beads may be spherical or
cylindrical. |

One process for obtaining the above-described
expandable ABS resin beads of this invention comprises
dispersing ABS resin beads into an aqueous medium, preferably,
in the presence of a suspension stabilizer in a closed vessel
and impregnating a volatile blowing agent into the ABS resin
beads. In this process, the agueous medium contains an

electrolyte at least during the impregnation of the volatile
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the surface-water anount. Another precisely weighed portion of the beads
was dissolved in dry toluene, and the toluene solution was titrated with
Kar|l Fischer's reagent with stirring to determne the total anmount of the
wat er adherent to the expandable ABS resin beads and the water contai ned
in the beads. The internal-water content was obtained by subtracting the
surface-water anmount, i.e., the anount gb_yater adherent to the bead
surface, fromthe total water anount. . Percent _Decrease of

| nt er nal - wetasrin@@aest: withhghe araFRatradion eénthAtebPCERRlABS +Rsthe
beads impregnated with the volatile blow ng_agent, _was neasured by the
above- des @QURANS MRAKY | PoEed aF 8PP 95 PLr teedt PPRddi'ng and after drying

with nitrogen, air, etc., and the difference between the thus- obtajned
Fwo val ues of | nt e SURREES Kbh SERD IS AR $odetchyh dispeRting EREADE

resin beads into an agqueous medium in this invention may be a
product on the general market or may be synthesized. Examples
of-the suspension stabilizer inqlude wate;—soluble polymers,
e.g., poly{vinyl alcohol), methyl cellulose, and
polyvinylpyrrolidone, and §paringly sbluble inorganic salts,
e.g., magnesium pyrophosphate and tricalcium phosphate. These
suspension stabilizers may be used in combination with a
surfactant. In the case of employing a sparingly soluble
inorganic salt, this salt is preferably used in combination
with an anionic surfactant, e.g., sodium dodecyl sulfate or
sodium dodecylbenzenesulfonaﬁe;

The suspension stabilizer is used preferably in an
amount of from 0.0l to 5.0 parts by weight per 100 parts Dby
weight of the ABS resin beads. In ﬁhe case of using a
combination of a sparingly soluble inorganic salt such as the
aforementioned 6nes and an anionic sﬁrfactant, the.amounts of
the sparingly soluble inorganic salt and the anionic surfactant
are preferably from 0.05 to 3.0 parts by weight and from 0.0001
to 0.5 parts by weight, respectively, per iOO parts by weight
of the ABS resin beads. | |

The electrolyte for use in the process of the present
invention is not particularly limited, and any substance

capable of ionizing in aqueous solution may be used. Examples
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the former val ue. 16

Thi ckness of Non-expanded Layer: A thin section was cut out from an
expanded bead, and the thicknesses of randomy selected ten parts of the
non- expanded | ayer were neasured on an optical photom crograph of the
section and aver aged. Measurenent of Volatile Content: A weighed
sanple was heated at 120[err]C for 4 hdors, and then wei ghed again. The

——

volatile content was calculated from the weight change
thereof include inorganic salts such as lithium chloride,

sodium chloride, magnesium chloride, potassium chloride,
calcium chloride, ammonium chlofide; sodium sulfate, magnesium
sulfate, potassium sulfate, calcium sulfate, aluminum sulfate,
ammonium sulfate, sodium nitrate, magnesiﬁm nitrate, potassium
nitrate, calcium nitrate, amﬁonium nitrate, sodium carbonate,
magnesium carbonate, potassium carbonate, calcium carbonate,
and ammonium carbonate and water-soluble alkali metal salts of
carboxylic acids such as potassium acetate, sodium acetate,
sodium octanocate, sodium benzoate, and disodium succinate. Of
these; the salts of alkali metals such as sodiﬁm and potassium
are preferred in that such salts are effective in attaining a
reduced internal-water content even when added in a small
amount and are hence useful for easily obtaining the expandable
ABS resin beads of this invention. In particular, sodium
chloride and sodium sulfate are especially preferred in that
these sodium salts are highly effective in internal-water
content reduction and are suitable for industrial use because
these salts are available at low cost in large gquantities.
The amount of the electrolyte added to the aqueous
medium is from 0.01 to 2 mol, preferably from 0.03 to 1 mol,
per liter of the aqueous medium. If the concenﬁration thereof
is lower than 0.01 mol/l, the resin beads obtained cannot have
a sufficiently reduced interhal—water content. Even if the
electrolyte concentration is inéreased beyond 2 mol/l, not only

the effect of reducing internal-water content' is not high for
This is the replacsment sheet



Fesulting fromthe heating. Surface Appearance: The surface
appearance of the expanded nolded article was visually eval uated based on
the following criteria. 0; The nol.ding has al nost no shrunk or nelted
surface and al nost no gaps. [err] A shrunk or nelted surface
or gaps are observed. X; A considerably shrunk or nelted surface or
consi der abl e gaps are observed. _ Heat Resistance: The
expanded nol ded article was cut into aliest pi ece havi ng di mensi ons of 50
x 50 x 25 g@sh antighceledtabl9ecohCehbra2iongubst F480 pheresamhichses
showed a degree of deformation |ower than 1% through the heating are
i ndi cat ed whrd, suspemrsioni eseabshbWyngia dégpadrer défor raanont BFanvd vr
depending on the kind of the electrolyte that the ABS resin
beads tend to coagulate.

No particular limitation is imposed on the time when
the electrolyte is added. Namely, the electrolyte may be added
prior to or during the impregnation of a volatile blowing
agent. Usually however, the electrolyte is preferably added
prior to the impregnation from the standpoint of operation.

The temperature of the aqueous medium is preferably
from 70 to 140°C from the standpoints of preventing the
coagulation of ABS resin beads and facilitating the
impregnation of the volatile'blowing agent into the ABS resin
beads.

Examples of the volatile blowing agent include organic

compounds having a boiling point of 80°C or lower, such as

propane, n-butane, isobutane, n-pentane, isopentane,
neopentane, cyclopentane, hexane, trichlorofluoromethane,
dichlorodifluoromethane, dichlorotetrafluoroethane,

chloromethane, chloroethane, dichloromethane, methanol, and
diethyl ether. These compounds may be used alone or as a

mixture of two or more thereof.
The volatile blowing agent is fed usually in such an
amount as to yield polymer beads having a volatile blowing

agent content of from 1 to 20% by weight. It is possible to
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hi gher are indicated by x. EXAMPLE 2
The sane procedure as in Exanple 1 was carried out, except that an ABS

resin having a nonomer conposition of
st yrene/ but adi ene/ acrylonitril e=62.8/15.0/22.2 (weight ratio),
17 an average rubber particle dianeter of 0.21 [err] and a softening

tenperature of 97[err]C was used as a feedstock.

EXAMPLE 3

12
enhance expandablllty by addlng a nonvolatile plast1c12er or a

volatile solvent, e.g., cyclohexane, xylene, or toluene.

If the expandable ABS resin beads thué obtained are
excessively dried at a high temperature over a prolonged time
period, the beads tend to develop a thick non-expanded layer on
the surface thereof. Accordingly, the drying of expandable ABS
resin beads must be stopped in such a degree that a non-
expanded layer having a thickness of more than 50 um is not
developed. The term "drying in such a degree that a non-
expanded layer having a thickness of mére than 50 um is not
developed" herein means a drying operation which reduces the
internal-water content of the e#pandable beads by up.to 30% of
the internal-water content before the drying. For example, the

ABS resin beads impregnated"wifh a volatile blowing agent are

taken out of the closed vessel and then centrifuged, following

which the water adherent to the bead surface is removed with
nitrogen, air, etc. to such a degree that the percent decrease '
of internal-water content resulting from the final step does
not exceed 30%. The percent decrease of internal-water content
means the proportion of the reduced internal-water amount
caused by the drying with nitrogen, air, etc. to the amount of
internal water immediately after the centrifuging of the ABS
resin beads impregnated with a volatile blowingiagent.

The present invention will be explained below in more

detail by reference to the following Examples and Comparative
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The sane procedure as in Exanple 1 was carried out, except that an ABS
resin having a nononmer conposition of

st yrene/ but adi ene/ acrylonitrile=62.0/15.1/22.9 (weight ratio), an average
rubber particle dianeter of 0.20 [err], and a softening tenperature of
[err] was used as a feedstock. EXAMPLE 4

The sane procedure as in Exanple 1 was rried out, except that an ABS
resin, having a nononer conposition of ——

st yr ene/ butiBginged e yheNthei ligv@htd/clb. SHAZLS foei hbt comisittued als aveiAge.
rubber particle dianmeter of 0.30 [err] and a softening tenperature of

95[ err] C wag nistest aso atie@sdsErakples only. EXAVPLE 5
Into a 3-liter autoclave were introduced 600 g of the sanme ABS resin beads

as used in Exanple .1, 900 g of ion- [EXAMPLE 1

An ABS resin feedstock having a monomer cOmpbsition of
styrene/butadiene/acrylonitfile=62.9/14.6/22.5(wéightzétio),
an average rubber particle diameter of 0.14 um, and a softening
temperature of 102°C was melted.with a 30-mm single-screw
extruder, and then granulated with an underwater cutting die to
obtain ABS resin beads weighihg 1.2 mg per bead.

To synthesize magnesium pyrophosphate, 4.0 g of sodium
phosphate, 8.0 g of magnesium. 'sulfaté., ‘and 900 g of ion-
exchanged water were introduced into a 3-liter autoclave
equipped wi_ﬁh a stirrer.- Subsequently, 0.45 g of sodium
‘dodecyl sulfate, 27 g of sodium chloride, and 600 g of ABS
resin beads were introduced. The _concentiation of the
electrolytes which conéisted.of sodium chloride and sodiﬁm
sulfate_was 0.54 mol/l in the ion-exchanged water. = Sodium
sulféte was the by-product in synthesizing“magnesium.phosphate. 
After the contents were heated to 120°C over a period of 1
hour, 66 g of pentane was_added.'-The resulting mixture was
maintained at 120°C for 10 hours and then cooled to room
temperature. |

| The éxpandable ABS resin beads obtained were taken oﬁt
of the autoélave, and the magnesium pyrophosphate adherent to
the bead-surface was dissolved away with nitric acid. The

expandabie beads'were washed with water and then centrifuged.
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exchanged water, 4.5 g of trical cium phosphate, 0.045 g of sodium

dodecyl benzenesul fonate, and 45 g of sodiumchloride. The subsequent
ptocedure was carried out in the same nmanner as in Exanple 1. The
~concentration of the electrolyte in the aqueous nediumwas 0.85 nol/]I.

EXAMPLE 6

Into a 3-liter autoclave were introduced 600 g of the

same ABS resin beads as used in. Exanple 114900 g of ion- exchanged wat er,
4.0 g of sodium pyrophosphate, 8.0 g of

Subsequently, the expandable ABS resin beads were placed in a
cylindrical metal vessel having an inner diameter of 10 cm and
a-heighf of 25 cm and fitted on its bottom and top sides with
a metal hetting having an opening size of 0.1 mm. Dry nitrogen.
having a temperatﬁre of 20°C was blown into the cylindrical
vessel from its bottom at a rate of 500 l/miﬁ'for 10 minutes to
dry the beads.

The expandable ABS.resin beads thus d#iéd Qere mixed in

an amount of 100 parts by weight with 0.2 parts by.weight of

-zinc stearate, 0.1 part by weight of a glycerine stearate, and

0.01 part by weight of a bis(hydroxyethyl)alkylamine to coat

the individual beads with these ingredients. The coated beads

.were introduced into a batch pre-expander equipped with a

stirrer, and steam was blown thereinto at a pressure of 1.0

kgf/cm? to thermally expand the beads in an éxpansion ratio of

30. Thus, expanded ABS resin beads were obtained.

The expanded beads thus obtainéd were filled into a
mold and heated with steam for 15 secondé at a steam pressure
of 0.8 kgf/cm® to obtain an expanded molded article. |

The following methods were used to evaluate the ABS

" resin for rubber particle diameter and softening temperature,

to evaluate the’éxpandable resin beads obtained by the method
described above for internal-water content, the percent
decrease of internal—wéter content, non-expanded-layer
thickness and volatiié content, and to evaluate the expanded

molded article for surface appearance and heat resistance.
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18 magnesium sul fate, and 0.45 g of sodi um dodecyl sulfate. The
subsequent procedure was carried out in the same manner as in Exanple 1.
The concentration of the electrolytes in the aqueous nediumwas 0.03
mol /1. EXAMPLE 7 Into a 3-liter
~autocl ave were introduced 600 g of the same ABS resin beads as used in
Exanple 4, 900 g of ion- exchanged water, 4.0 g of sodi um pyrophosphat e,
8.0 g of magnesium sul fate, 0.45 g of sikdi um dodecyl sulfate, and 9 g of
sodi um sul fate. Theiedthaesnent ¢f OReBbee Waztdale ©damidtdh of IKBSaWBsin:
-manner as in Exanple 1. The concentration of the electrolytes in the
aqueous nedhemdizsnedebfs i /d hundred to two hundreds of rubbefPlgasticles
were measured on a photograph taken with a TEM, and the averagé
thereof was calculated using the following equation.
Average particle diameter = INiD?/ENiD

Softening Temperature: Vicat softening temperatﬁre
measured in accordance with JIS K7206 (1993).

Internal-water Content: A precisely weighed portion of
the beads was placed in dry methanol, and the methanol was
titrated with Karl Fischer’'s reagent with stirrihg'to determine
the surface-water amount. Another precisely weighed portion of
the beads wés_ dissolved in dry toluene, and the toluene
solution was titrated with Karl Fischer'’s reagent with stirring
to detérmine the total amount of the water adherent to the
expandable ABS resin beads and the water contained in the
beads. The internal-water content was obtained by subtracting
the surface-wateér amount, i.e., the amount of water adherent to
the bead surface, from the total water amount.

Percent Decrease of Internal-water Content: The
internal—watér content of fhe ABS resin beads impregnated with
the volatile blowing agent was measured by the above-described
method immediately after centrifuging and after drying with

nitrogen, air, etc., and the difference between the thus-

obtained two values of internal-water content was divided by

the former wvalue.
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The sanme procedure as in Exanple 1 was carried out, except that the

anount of sodium chloride was changed to 63 g. The concentration of t he
et ectrolytes in the aqueous nediumwas 1.22 nol/I.

COMPARATI VE EXAMPLE 1 . The sanme procedure as in Exarrpl e 1 was
carried out, except that 600 g of the Sgire ABS resin beads as used in-
Exanple 1 were introduced into a 3-literautoclave along with 900 g of

i on- exchanged water, 4.5 g of tricalcium phosphate, and 0.045 g of sodium
dodecyl benzenesul f @Heitakness of Non-expanded CAWRARATI NEtEXAMBIEEtAion was
The sane procedure as in Exanple 1 was carried out, except that 600 g of

t he same Aggtr@@ﬁnfg@gugna§X@g@gqqqbead, and the thicknesses of randomly

selected ten parts of the non-expanded layer were measured on
an optical photomicrograph of-the 5ection"and averaged.
Measurement of Volatile Cdntent: A weighéd sample was
heated at 120°C for 4 hours, and then weighed again.. The
volatile content was clalculated from the weight change
resulting from the heating. '
Surface Appearance: The surface appearance of the
expanded molded article was visually evaluated based on the

following criteria.

0; The molding has almost no.shrunk'or melted surface and
almost no gaps.

a; A shfunk or melted sufface or gaps are observed.

x; A considerably shrunk or melted surface or considerable
gaps'are.observed.

Heat Resistance: The expanded molded article was cut
into a tést piece having dimensions of 50 x 50 x 25 mm, and
heated at 90°C for 22 hoﬁrs. Test. p_ieces ‘which '_.shOWed a degree
of deformation lower than 1% through the Heating afe indicated
by o, ahd test pieces showing a degree of deformation of 1%.or
higher are indicated by x.

EXAMPLE 2
" The samelprodedure as in Exampie 1 was carried out,
ékcept that an ABS resin having a monomer composition of

styrene/butadiene/acrylonitrile=62.8/15.0/22.2 (weight ratio),

This is the replacement sheet

Date: ”.B JUN 1836



19 Exanple 1 were introduced into a 3-liter autoclave along with 900 g of
| on- exchanged water, 4.5 g of tricalcium phosphate, and 0.045 g of sodium
dodecyl benzenesul fonate, and except that the addition anount of pentane
was changed to 150 g. The ABS resin beads taken out fromthe autoclave
after inpregnation of the volatile blo 'ﬂg agent were found to have been
lightly coagulated. Hence, the ABS regi_;beads partially coagul ated were
separated into individual beads by hand, before being subjected to the

subsequent anrzeerage scipbek | pawt ictgidigmeter of 0.21 um, and a softening
temperature of 97°C was used as a feedstock.
EXAMPLE 3
The same procedﬁre as in Example 1 was carried out,
except that an ABS resin_having a monomer composition of
styrene/butadiene/acrylonitrile=62,0/15.1/22.9 (weight ratio),
an average rubber particle diameter of 0.20 um, and a softening
témperature of 100°C was used as a feedstock. |
| EXAMPLE 4
The same procedure'as'iﬁ Example 1 was carried out,
except that an ABS resin having a monomer composition of
styrené/butadiene/écrylonitfile=61.2/16.5/22.3(weightzatio),
an average rubber parficle diameter.of 0.30 um, and a softening
ﬁemperature of 95°C was'used“as'a féedstock. | |
EXAMPLE 5
Into a 3-liter autoclave were introduced 600 g of the
same ABS resin beads as used in Example 1, 900 é of ion-
exchanged wéter, 4.5'g of'tricaléium phosphate, 0.045 g of
sodium dodecylbenzenesulfohate, and 45 g of sodium chloride.
The subsequent procedure was carried out in the same manner as
in Example 1. The . concentration of the electrolyte in the
aqueous medium was 0.85 mol/l.
| EXAMPLE 6
Into a 3-liter autoclave were introducéd 600 g of the
same ABS resin beads as used in Example 1, 900 g of ion-

exchanged water, 4.0 g of sodium pyi:ophosphate, 8.0 g of

This is the replacement sheet

D M R T L .
ate: . 5 UM 1998



Y

etc.), expansion, and nol ding. COVPARATI VE EXAMPLE 3

The expandabl e ABS resin beads obtained in Conparative Exanple 2 were
dried in a 50[err]C nitrogen streamfor 60 mnutes to reduce the
internal -water content of the beads. Table 1 summari zes

el ectrolyte -concentration and drying condition for each of the Exanples

and Conparative Exanples given above, thggvolatile content and
internal -water content of each expandable Tesin bead sanpl e ‘obtai ned, the

percent degphgaseiah SAhSRA,MBIEL 0 LNENGE $58itR akReET106uIFAte . , The

expanded | ayei and the surface appearance and heat resistance of eac
| §§BZRSSS| feTDlsdBQeQ{xéh@ Procedure wHY¥ dfistids Saveini BhdaBhfelmafow t Rt jthe
Example 1. The concentration of the electrolytes in the
aqueous medium was 0.03 mol/l. | .
EXAMPLE 7

Into a 3-liter autoclave were introduced 600 g of the

same ABS resin beads as used in Example 4, 900 g of ion-
| exchanged water, 4..0 g of sodium pyrophosphate, 8.0 g of
magnesium sulfate, 0.45 g of sodium dodecyl sulfate, and 9 g of
sodium sulfate. The subsequent procedure was carried out in
the same manner as in Example 1. The cohcentration of the
~ electrolytes in the aqueous medium was 0.10 mol/1l.
EXAMPLE 8

Thé same procedure ‘as in Example 1 was carried out,
except that the amount of sodium chloride was changed to 63 g.
The concentratibn of the electrolytes in the aqueous medium.was
1.22 mol/1. | |

COMPARATIVE EXAMPLE 1

The ‘same procedure as in Example 1 was carried out,
except that 600 g of the same ABS resin beads as used in
Example l.were'introduced into a 3-liter autoclave along with
900 g of ion-exchanged water, 4.5 g of tricalcium phosphate,
and 0.045 g of sodium dodecylbenzénesulfonate. |

W
The same procedure as in Example 1 was carried out,

except that 600 g of the same ABS resin beads as used in
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ABS resin beads according to the present invention (Exanples 1 to 8) had
excel | ent expandability and excellent noldability regardless of the
softening tenperature of the feedstock ABS resin. In contrast, in the case

of the expandable ABS resin 20
beads having too high an internal-water ntent, the anmount of the
vol atil e bl ow ng agent inpregnated ther o was too small to inpart

( Corpar at | S¥eERAAPACWEES [inRuesHaast 0TEQ 1R SekbLrlaRhCORRSY Pe LA B A
whose i nternal -wat er, content had . ‘

900 g of ion-exchanged water, 4.5 g of tricalcium phosphate,

and 0.045 g of sodium dodecylbenzenesulfonate, and except that

the addition amount of pentane was changed to 150 g. The ABS

resin beads;taken out from the autoclave after impregnation of

the volatile blowing agent.were found to have been.lightly.

coagulated. Hence, the ABS resin beads partially coagulated

‘were separated.into individual beads by hand, before being

'subjected to the subsequent treatments (pickling, drying,

etc.), expansion, and molding.

COMPARATIVE EXAMPLE 3

The expandable ABS resin beads obtained in Comparative
Example 2 were dried in a 505C nitrogen stream for 60 minutes
to reduce the internal-water_content of the beads;

Table 1 summarizes electrolyte.concentration and drying
condition for each.of the Examples and Comparative Examples
given above, the volatile content aad internal-water content of
each expandable resin bead sampie .obtained, the percent
decrease of internal-water .content, the thickness of non-
expanded layer and the surface appearance and heat resistance
ofeeach expanded molded article.

The results given in Table 1 show that the exbandable
ABS resin beads according te the present invention (Examplee 1
to 8) had excellent expandability and'excellent meldability
regardless of tﬁe softening temperature Qf the feedstock ABS

resin. In contrast, in the case of the expandable ABS resin
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i .
been reduced by forced drying at an el evated tenperature, inpregnation of
a larger anount of the volatile blow ng agent was necessary to sufficient
éxpansion, so that not only the ABS resin beads tended to coagul ate during

the inpregnation of the volatile blowi ng agent but al so a poor surface
appearance resulted (Conparative Exanplg 3). : 21 [err][er

beads having too high an internal-water content, the amount of
the volatile blowing agent impregnated thereinto was too small
to impart satisfactory expandability and moldability to the
expandable beads (Comparative Example 1). In the case of the
expandable ABS resin beads whose internal-water content had
been reduced by forced drying at an elevated temperature,
_.impregnation of a larger amount of the volatile blowing ageﬁt
‘'was necessary to sufficient expansion, so that not only the ABS
resin beads tended to coagulate during the impregnation of the

volatile blowing agent but also a poor surface appearance

resulted (Comparative Example 3).
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23 VWHAT IS CLAI MED | S: 1. Expandabl e ABS resin beads containing a
vol atile blow ng agent, said expandabl e ABS resin beads having an

knt ernal -wat er content of 5% by weight or | ower and, when expanded in an
expansion ratio of 30, giving expanded begds which each has a non-expanded
surface | ayer having a thickness of not-Tore than 50 [err] 2. The

expandabl e -‘ABS resin beads a | ai i,n claim, 1 wherein the
in?ernal-mater cort¥nt ?ﬁP?WéegxpggggSPe Rﬁ%*Q%ﬁﬁn §gﬁ§nﬁ§ 4&ﬁ%?vwﬁ@%t
or |ower. 3. e_expandabl g AB si n_bead S LI [ '
1, wherei ﬁ"tﬂ"i'é‘dtarhlcﬁ(rfégg Eﬁsgﬂe%ﬁ&‘fsex gn(dga & %@Zt ?’a’}‘g%‘q%ggg W3 e "
exceedingly good surface appearance and excellent heat

resistance.

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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gach expanded bead is from 10 to 30 [err] 4. A process for
produci ng expandabl e ABS resin beads which conprises dispersing ABS resin
bBeads into an agueous nediumin a closed vessel and inpregnating a

vol atil-e blowing agent into the ABS resin beads, said aqueous nedi um
containing an electrolyte at |east during the inpregnation of the volatile
bl owi ng agent, with the concentration Qgglhe el ectrolyte in the aqueous
medi um being from0.01 to 2 nol /1. 5. The process for producing

expandabl e A5 resicr.apegdsigs clainmed in claim4, wherein the
concentration of the electrolyte in the agqueous nmediumis fromO. 03 to 1

nol /1. 6. The mEOsasSablé RBEIYGEHIG Waébﬁtéﬁﬁlh 'aﬂ vOPRds1 85

claimed in claim4, wherein the agqueous nmedi um has a tenper ture o rom

70 to 140[ okdwing agent, said expandable ABS resin beads having an
internal-water content of 5% by weight or lower and, when
expanded in an expansion ratio of 30, giving expanded beads
which each has a non-expénded surface layer having a thickness
of not more than 50 pum.

2. The expandable ABS resin beads as claimed in claim
1, wherein the internal-water content of the expandable ABS
résin beads is 4% by weight or lower.

| 3. The expandable'ABS resin beads as claimed in claim
1, wherein the thickness of the non-expanded sﬁrface layef of
each expanded bead is from 10 to 30 pum.

4. A process for producing expandabie ABS resin beads
which comprises dispersing ABS resin beads into an aqueous
medium in a closed vessel and impregnating a volatile blowing
agent into_the ABS resin beads, said aqueous medium containing

~an electrolyte at least during the impregnation of the volatile
blowing agent, with the concentration of the électrolyte'in the
aqueous medium being from 0.01 to 2 mol/l.

5. The process for producing expandable ABS resin
beads as claimed in claim 4, wherein the concentration of the
‘electrolyte in the aqueous medium is from 0.03 to 1 mol/l.

6. The process for producing expandable ABS resin
beads. as claimed in claim 4, wherein the aqueous medium has a

temperature of from 70 to 140°C.
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EXPANDABLE ABS RESIN BEADS AND
PROCESS FOR PRODUCING THE SAME

ABSTRACT OF THE DISCLOSURE

Expandable ABS resin beads containing a volatile
blowing agent are disclosed which have an internal-water
content of 5% by weight or lower and, when expanded in an

expansion ratio of 30, give expanded beads each having a non-

'expanded surface'laYer having a thickness of not more than 50

pum. A précess for producing the expandable ABS resin beads is
also disclosed which comprises diséersing ABS resin beads into
an aquéous medium in a closed vessel and impregnating a
volatile blowing agent into the ABS resin beads, said aqueous
medium containing an electrolyte at least during the
impregnation of the volatile. blowing agent, with the
concentration of the electrolyte in the aqueous medium being
from 0.01 to 2 mol/l. The expandable resin beads are capable
of giving an expanded molded article excellent in chemical
resistance and toughness and especially in surface appearance

and heat resistance.

Figure 1
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