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DESCRIPTION

FOAMED PARTICLES OF POLYOLEFIN RESIN

- AND PRODUCTION PROCESS THEREOF

TECHNICAL FIELD

The present.invention‘relates to foamed particles
of a polyolefin resin, which are suitable for use as a
raw maferial for molding,.or the like, and a production

process thereof.

BACKGROUND ART

As a process for obtaining eﬁpansion-molded
articles of plastics, Japanese Patent Application Laid-
Open Nos. 195131/1982 and 51123/1983 each disclose a
process in which foamed particles are filled into a mold
and thep heated to fusion-bond the particles to one
another, thereby producing a molded article in a desired
shape. As a process for producing foamed particles used

in molding, Japanese Patent Application Laid-Open Nos.

- 4738/1986 and 223347/1991 each disclose a process in

which particles of a polyolefin resin are impregnated
with a volatile organic foaming agent or an inorganic gas
type foaming agent in a state that the particles have
been dispersed in an aqueous medium in a vessel. the
impregnated particles are heéted to a temperatute not

lower than the foaming temperature of the resin while
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maintaining the internal pressure of the vessel at the
vapor pressure of the foaming agent or higher, and the
particles are then released from the vessel into an
atmosphere of a pressure lower than the internal pressure
of the vessel, thereby'expanding-the'particles.

When an inorganic gaé type foaming agent is used as
the foaming agent, however, it is generally difficult to
provide foamed particles having a high expansion ratio.
As disclosed in Japanese Patent Application Laid-Open Nos.
4738/1986 and 223347/1991, it has been known to add
aluminum hydroxide or borax to a base resin to produce
foamed particles in order to enhance the expansion ratio
of the resulting foamed particles. However, such foamed
pa:ticle have involved a problem that when a molded
article is produced with the foamed particles, the
resulting molded article undergoes significant shrinkage
upon molding and the dimensional stability of the molded
article is thus deteriorated. Such foémed pérticles have
also involved a drawback that their cells become larger
or smaller than they need, so that the cell size varies
widely, and this scattering of the cells cbmes out on the
sﬁrface of the'resuiting molded article to impair thé
appearance of the molded article. More specifically, the
regular fusion-bonded state of foamed particles generally

appears on the outer surface of an expansion-molded

" article. However, an irregular fusion-bonded state

appears on a molded article obtained by molding foamed
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particles of uneven cell diameters, so that
irregularities arise in the external appearance.of the
molded article. In particular, when cells in foamed
particles are significantly fined, such foamed particles
are whitened. When such whitened foamed particles are

mixed into a raw material for molding, the external

appearance of the resulting molded article becomes

significantly uneven (irregular), resulting in reduction
in its coﬁmercial value.

Besides, when carbon black or another coloring
pigment is added to foamed particles in advance to coloxr
foamed particles, their color looks thin at portions |
where cells are fine, and thick at portions where cells
are large. Therefore, when a molded article has been
produced by using, as a raw material, such foamed
parficles of uneven cell diameters, there has been a
drawback that color irregularity markedly occurs on the
surface of the molded article to impair the external
appearance of the molded article, and so its commercial
value 1s likewise reduced. ‘

It is an object of the present invention fo provide
foamed.particles of a polyolefin resin, which have a high
expansion ratio and are free of scatter of cell diameters.

Another object of the pfesent invention is to
provide foamed particles of a polyolefin resin as a raw
materiél for molding, from which molded articles

undergoing little shrinkage upon molding and hence having
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exceilent dimensional stability can be provided.
A furthe: object of the'present invention is to
provide foamed particles of a polyolefin resin, from

which molded articles exhibiting a regular fusion-bonded

state of the foamed particles and having a uniform

external3appearance can be produced.

A still further object of the present invention is
to provide a'process of producing foamed particleé of a
polyolefin resin, by which the above-described foaﬁed |
particles of the polyolefin resin can be produced with

ease.

DISCLOSURE OF THE INVENTION
The present invention is directed to foamed

particles of a polyolefin resin; which comprise.a base
resin and a metal s&lt (excluding any alkali metal salt)
of boric acid contained therein. A polyolefin :esin may
be used as the base résin, and zinc borate, magnesium
borate or the like may be used as the metal salt of boric
acid. In the present invention, however, alkali metal |

salts of boric acid must be excluded. For example,

sodium borate and potassium borate can not be used in the

present in#ention.

The content of the metal salt of boric acid in the
base resin may preferably be 50-50,000 ppm.

In order to produce the foamed particle of the

polyolefin resin according to the présent invention,
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resin particles obtained by containing the metal salt of
boric acid in a base resin are dispersed together with a
foaming agent in a dispersion.msdium suéh as water to
impregnate ihe resin particles with the foaming agent,
the interior of a vessel containing the dispersion is
heated to a predetermined tempefature, and the foamable
resin particles and the dispersion medium are released
from the vessel into an atmosphere of a pressure lower
than the interhal pressure of the vessel, thereby
obtaining foamed particles expanded at a high ratio.

The foamed particles according to the present
invention may also be produced by another production
process, for example, an extrusion expansion process.'
This extrusion expansion process is a process in which a
base resin containing the metal salt of boric acid is
melted and kneaded together with a foaming agent in an
extruder, the melt is then extruded and expanded in the
form of a strand, and the strand is then chopped to
obtain foamed particles.

Since the foamed particles according to the presenf
invention are produced with the base resin containing the
metal salt (excluding any alkalli metal salt) of boric
acid, the foamed particles can be provided as foamsd
particles having a high expansion ratio. Even when, for
example, an inorganic gas type foaming agent is used as
the foaming agent upon the production of the foamed

particles according to the present invention, foamed
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particles having a high ekpansibn ratio can be provided.
In addition, the foamed particles according to.the
present invention are uniform in cell diameter while
having a high expansion ratio.

When the foamed particles according to the present
invention are used as a raw material for molding to
produce an expansion-molded article, é good molded
article can be provided. More specifically, the'
resultant molded article has features that the shrinkage
factor is 10&, the dimensional stability is excellent,
and moreover the'fusion-bondéd state of the foamed
particles coming out on the outer surface of the molded
article is regular, ahd so good surface profile is
achieved. The molded article having good appearance can
enhance.its commercial value.

Since the foamed particles according to the present
inventioﬁ are uniform in cell diameter, they can be
evenly colored whén carbon black or a pigment is added
thereto. Accordingly, when molding is performed with the
colored foamed particles according to the present
invention, a molded article having a good external
appearance in that it is free of any color irregularity
and hence has an evenly colored.surface can be piovided.

According to the production process of foamed
particles of the present invention, foamed particles of a
polyolefin resin having a high expansion ratio can be

produced with ease.



10

15

20

25

According to the present invention, foamed
particles having a high expansion ratio can be obtained

by using a resin containing the metal salt of boric acid

as a raw material for producing foamed particles.

Therefore, there is no need to use a large amount of a
foaming agent, and so the amount of the foaming agent to
be used can be reducéd. As a result, it is also possible
to use a pressure vessel lower in pressure resistance
than a pressure vessel heretofore in use because fhe
pressure within the pressure véssel_updn éﬁpansion is
reduced. Therefore, the present invention can coﬁtribute
to reduction ;n production cost.

According to the present invention, it is possible
to use an iﬁorganid gas type foaming:agent as the foaming
agent when the fbamed particles high in expansion ratio.
and uniform in cell diameter are provided. The use of
the inorganic gas type foaming agent permits the
reduction of production cost, involves no problem of
environmental pollution and is safe even from the
viewpoint of handling.

‘Besides, even when the equilibrium vapor pressure
within a pressure vessel 1s preset lower to obtain foamed
particles having a low expansion ratio (2-10 times), the
present invention has an'effect that uniform foamed
particles narrow in scatter of expansion ratios can be

obtained. .
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BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is an explanatory drawing illustrating how
to measure an average cell diameter of a foamed particle

at its cut surface.

BEST MODE FOR CARRYING OUT THE INVENTION

| The present invention will hereinafter bé described
in detail. Illustrative examples of a base resin for the
resiﬁ particles useful in the practice of the present
invention include resins, such as propylene homopolymers,
propylene-based copolymers such as propylene-ethylene
random copolymers, propylene-ethylene block copolymers,
propylene-butene random copoiymers and propylene-
ethylene-butene random éopolymers, high-density
polyethylene, and ethylene-based copolymers such as
linear low-density polyethylenes which are ethylene-a-
olefin copolymers,~and ethylene—#inyl acetate copolymers.
These polymers may or may not be crosslinked. |

The metal salt of boric acid useful in the practice
of the present invention is a_compound represented by the
following general formula (1) or (2):
XM,0°yB,03°2H,0 = * * * + (1)
wherein x and y are independently an integer of 1 or more,
z is a number of 0 or more, and M means a monovalent
metal element.
'xMO'YBzO;;'zHZO e e e e (2)

wherein x and y are independently an integer of 1 or more,
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z is a number of 0 or more, and M means a divalent metal
élement. |

The metal salts of boric acid represented by the
above formulae exclude alkali metal salts such as sodium
borate, potassium borate and lithium borate. Namely, the

alkali metals as used herein mean Li, Na, K, Rb, Cs and

-Fr.

When an alkali metal salt of boric aclid is used,

the expansion ratio of the resulting foamed particles is

enhanced, but the scattér of cell diameters becomes wide,
and the shrinkagé factor of a molded article produced by
using such foamed particles as a raw material becomes
high, and sb such a molded article has poor dimensional

stability. In particular, when a salt having high

hygroscopicity, such as borax (Na,B40,°10H,0), is used as

the alkali metal salt of boric acid, the metal salt of
boric acid added to the base resin absorbs moisture in
the air, and cells are formed upon production of resiﬁ
particles from such a base fésin, so that there is a
possibility that formation of resin particles may become
unstable, or large cells méy be formed upon production of
foamed particles, and cell diameters may vary widely.
Examples of the metal salt used in the present
invention include zinc Borate and magnesium borate, with
zinc borate being particularly preferred. In the present
invention, these metal salts of boric acid may be used

either singly or in any combination thereof.
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Examples of zinc borate include zinc metaborate
[Zn{B0O;).], baslic zinc borate [ZnB;0;°2Zn0] and those
represepted by chemical formulas of ZZnO'BBﬂh-B.SﬂﬁL
3Zn0- 2B,0;*5H,0 and _j:he like.

Examples of magnesium borate used in the present
invention include magnesium orthoborate [Mgi(BOs):1,
magnesium diborate, inagnesium pyroborate [Mg.B,0; or
2Mg0°B,03], magnesium metaborate [MgO°B,03], trimaghesium
tetraborate [Mg3;B;0, or 3MgO°2B,03;], tetramagnesium
peritaborate [MgsB4011]., magnesium hexaborate [MgBesOi0] and
those represented by chemical formulae of 2MgO-° 3B,0;°nH,0
(wherein n is a positive intéger), MgO- 4B;0;°* 3H20,

MgO- 6B2,0:°18H,0 and the like.

| Among these metal salts of boric acid, the =zinc
borates represented by the chemical formulae of
27n0-° 3B;0;°3.5H,0, 3%n0*2B;0;*5H,0 and t.he like are
particﬁlarly effective.

It is preferred that the particle size of the metal
salt of boric acid be generally 0.1-100 pm, particularly
0.5-50 um. If the particle size of the metal salt of |
boric acid is smaller than 0.1 pym, the cells in the
resulting foamed particles tend to become too fine, so
that such foamed particles are deteriorated in‘secondary
expandability upon production of a molded article
therefrom. If the particle size is greater than 100 pm,
it is difficult to sufficiently achieve the expansion

ratio-enhancing effect, and cells in the resulting foamed
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particles tend to become-coarse.

The cell diameter of the foamed particles according
to the present invention is preferably withih a range of
50-500 pym, more preferably 150-~300 pm in terms of average
cell diameter.

When the metal salt of boric acid is contained in
the base resin of the foamed particles, the expansion
rafio of the resultant foamed particles can be enhanced

while keeping their cell diameters uniform. The content

-0of the metal salt of boric acid in the base resin of the

foamed particles is preferably 50-50,000 ppm by weight,
particularly 100-5,000 ppm by weight. If the content of
the metal salt of boric acid is lower than 50 ppm, it is
impossible to prevent scattering of cell diameters in the
resulting foamed particles; On the other hand, any
content exceeding 50,000 ppm results in foamed particles
liable to shrink, and moreover cells in the foamed
particles show a strong tendency to become open cells, so
that there is a possibility that the moldability of the
foamed particles maj be deteriorated.

The metal salt of boric acid is generally added to
the base resin as a raw material before.resin particles
are produced by using the base resin. As a process for
producing the resin particles, there may be used any
conventionally known method, such as a process in which
the base resin is melted and kneaded in an extruder, the

melt is extruded in the form of a strand, and the strand
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is quenched in water and then chopped.

In order to add the metal salt of boric acid to the
base resin, there is generally used a process in which
the metal salt of boric acid is mixed with a polyolefin
resin in such a manner that the concentrafion of the salt
amounts to 5-200 times as much és the final amount to be
added, thereby preparing a master batch, and this master
batch is added to the base resin. However, the metal
salt of boric acid may be directly added in the form of
powder to the base resin.

When the foamed particles of the polyolefin resin-
according to the present invention are produced, the |
resin particles obtained by containing the metal salt of
boric acid in the base resin as described above ére
dispersed in a dispersion medium in a closed vessel to
impregnate the resin particles with a foaming agent while
pressurizing, heating and stirring the dispersion. After
the interior of the vessel is then heated to a
predete;mined temperature, the foamable resin pa;ticles
impregnated with the foaming agent and the dispersion
medium are released fiom'the vessel into an atmosphere of
a pressure lower than the internal pressure of the vessgl,
thereby expanding the resin particles. '

As tﬁe dispersion medium dispersing the resin
particles therein, there may be used any medium, which
does not dissolve the resin particles therein, such as

water, an alcohol, a glycol or glycerol. However, water
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is'generaliy used.

An anti-fusing agent may.be added to the dispersion
medium upon dispersing the resin particles, the foaming
agent and the 1iké therein for the purpose of prevgnting
fusion bonding among the resin particles by he&ting upon
the dispetsipn or heating in a subsequent expansion step.
Any anti-fusing agent may be used as such an anti-fusing
agent, irrespective 6f organic and inorganic agents so'
far as it neither dissolves in the dispersion medium nor
melts'upon heating. However, an inorganic anti-fusing
agents is-generally used. Preferable examples of the -
inorganic anti-fusing agent include powders of mica,
kaolin, aluminum oxide, titanium oxide, aluminum
hydroxide and the 1ike. The_average particle size of the
anti-fusing agent is preferably 0.001-100 um,

particularly 0.001-30 um.

When the anti-fusing agent is uséd, an anionic
sﬁrfactant such as sodium dodecylbenzenesulfonate, sodium
alkylsulfonate or sodium oleate is preferably used as a
dispersion aid in combination. It is preferred that the
anti-fusing agent and the dispersion aid be édded in
proportions of about 0.01-2 parts by weight and about
0.001-1 part by weight, respectively, per 100 parts by
weight of the'resin_particles.

Examples of the foaming agent used in expanding the

resin particlés include inorganic gases and volatile

'organic foaming agents. Examples of the inorganic gases
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include carbon dioxide, air, nitrogen, helium and argon.
On the other hand, examples of the volatile organic
foaming agents include aliphatic hydrocarbons such as
propéne. butane and hexane, alicyclic hydrocarbons such
as cyclobutane and cyclohexéne, and halogenated
hydrocarbons such as chlorofluoromethane,
trifluoromethane, 1,1-difluorocethane, l-chloro-1,1-
difluoroethane, 1,2,.2,2-tetrafluoroethane, 1l-chloro-
1.2,2,2-tetrafluoroethane, methyl chloride, ethyl
chloride and methylene'chloridef

The above-meﬁtioﬁed foaming agents may be used
either singly or 1in any combinafion thereof; Besides, a
volatile organic foaming agent and an inorganic gas may
be used in combination. In view of the facf that many of
compounds used as the volatile organic foaming agents
have risks such as toxicity and combustibility, oi cause
ozonosphére destruction or environmental pollution, and
thpse hard to cause these problems are expensive and
hence unpractical, it is preferable to use the inorganic
gases.

Wheﬁ an inorganic gas is used as the foaming agent,
it is preferable to add the foaming agent in such a
manner that the equilibrium vapor pressﬁre within the
closed vessel right before initiation of expansion
amounts-to_s—ﬁb kgf/cm’G. When a volatile organic
foaming agent is used as the foaming agent, it is

preferable to add the foaming agent so as to account for
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5-30 parts by weight per 100 parts by weight of the resin
particles.

After impregnating the resin particles with typ
foaming agent as described above, the closed vessel.is
opened at one end thereqf to release the resin particles
and the dispersion medium from the vessel into an
atmosphere of a pressure lower than the internal pressure
of the vessel, generally, under atmospheric pressure,
whereby the resin particles can be expanded to obtain
Foamed particies. At this time, it is preferréd that the
internal pressure of the Qessel be at least 5 atm, and
the internal temperature of the vessel be from—[the
melting point of the resiﬁ - 10°C] to [the melfing point

of the resin + 10°C].

In the present invention, the melting point of the
resin means the mélting point of the base resin of the
resin particles aﬁd is determined in the following manner.

Namely, a temperature corresponding to a top of an
endothermic peak (an inherent peak) on a DSC curve
obtained by heating about 6 mg of a sample (resin
particles) to 220°C at a heating rate of 10°C/min by a
differential scanning calorimeter; cooling the sample
down to about 50°C at a cooling rate of 10°C/min and then
heating it again to 220°C at a heating rate of 10°C/min
is determined as the melting point of the resin.

Other processes for obtaining the foamed particles

of the polyolefin resin according to the present
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invention include known processes such as a process in
which the base resin containing the metal salt of borié
acld is melted and kneaded together with the foaming
agent in an extruder, the melt is then extruded and
expanded in the form of a strand. and the strand is then
chopped to obtain the fbamed particles, and a process in
which the base resin containing the metal salt of boric
acid is impregnated with the foaming agent in a closed
vessel to prepare foamabie resin particles, and the
foamable resin particles are then heated by appiying
steam or heated air of high-temperature to expand them.

According to the_present invention, foamed
particles having a high expansion ratio can be obtained.
Eor examplg, foamed parficlés having an expansion ratio
of 5-50 times can be obtained with ease.

Incidentally, the foamed particles.of the
polyolefin resin obtained in accordance with such a
process of the present invention as described above can
be converted into foamed particles having a higher
expansion ratio by aging them under an atmospheric
pressure, subjecting them to a pressurizing treatment -
under pressurized air to apply an internal pressure
thereto and then heating them with steam or_heated air
(this process will hereinafter be referred to as two-
stage expansion).

- The foamed'particles obtained in accordance with

the process of the present invention are filled into a
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mold and then heated with steam or the like, whereby the
foamed particles can be mutually fusion-bonded to obtain
a molded particle in the desired form conforming with the
mold.
The present invention will hereinafter be described
in detail by the following specific examples.
Examples 1-7, Comparative Examples 1-6:
As a base resin, the following ethylene-propylene
random copolymer was used.
-Ethylene-propylene.random copolymer:

@ Ethylené content: 2.3 wf.%

C) Melting point: 146°C

C).Melt flow rate measured under Conditions 14

shown in Tablell of JIS K 7210
: MFR = 10 g/10 min.
The ethylene-propylene random copolymer of the base

resin and their.corresponding additiveé shown in Table 1
were separately melted and kneaded in a pressure kneader
to prepare respective master batches. As zinc borate,
there was used Zinc Borate 2335 produced by Tomita
Pharmaceutical Co. Ltd. Each of the master batches and
the base :esin were blended, ﬁeltqd and kneaded in an
extruder in such a manner that the content of the
additive in the base resin amounted to its corresponding
content shown in Table 1, and the resultant melt was then
extruded into a strand. The strand was quenched in water

and then chopped by a pelletizer, thereby forming pellets
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(resin particles) having an average weight of 2 mg/pellet.
In an autoclave, 0.3 parts by weight of kaolin as a
dispersing agent, 0.006 parts by weight of sodium
dodecylbenzenesulfonate as an emulsifier and 100 parts by
weight of the resin particles were dispersed together
with its corresponding foaming agent shown in Téblg 1 in
300 parts by weight of water. After the dispersion was
heated to its corresponding foaming temperature.shown in
Table 1 with stirring and held for a fixed period of time,

the vessel was opened at one end thereof to release the

resin particles and water at the same time in a state

that the clésed vessel was kept at a preSsure equél to
the equilibrium vépor pressure therein, thereby expanding
the resin particles to obtain foamed particles. After
the thus-obtained foamed particles in each.ekample were
subjected to a predetermined aging process, their
expansion ratio and average cell diameter were measured,
and moreover the uniformity 6f cells was observed. The
results are shown in Table 1.

Incidentally, the predetermined aging process is as

. follows.

In each of Examples 1, 2, 4 and 5, and Comparativé
Examples 2, 3 and 4, the thus-obtaiﬁed foamed particles
weré allowed to stand for 24 hours at ordinary
température and atmospheric pressure, then for 24 hours
at ordinary temperature under pressurized air of 2

kgf/cm?G, and then for 24 hours at ordinary temperature
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and atmospheric pressure to conform the'ihternal pressure
of the foamed particle to the atmospheric pressure,
thereby completing the aging process.

In each of Examples 3, 6 and 7, and Comparative
Examples 1, 5 and 6, the thus-obtained foamed particles

were allowed to stand for 24 hours at ordinary

temperature and atmospheric pressure to conform the

internal pressure of the foamed particle to the
atmospheric pressure, thereby completing the aging
process. | |

Each fFoamed particle samplé subjected to the aging.
process was filled into a mold having inside dimensions
of 300 mm x 300 mm x 60 mm, preheéted with steam and.then
heated with steam of its corresponding steam pressure (in
Table 1, expressed as "Steam pressure upon molding")
shown in Table 1 to expand and mold the foamed particle
sample, thereby obtaining a molded article. In the
preheating, steam within a range of [the steam pressure
upén molding - O.B-kgflcmFG] to [the steam pressure upon
molding - 0.4 kgf/cm’G] was used. The thus-obtained
molded article was aged for 24 hours at 60°C and
atmospheric pressure.

The dimensional stability of the thus-obtained
molded articles were determined, and moreover uniformity
of their appearances was observed. The results are shown
in Table 1.

Examples 8-10, Comparative Examples 7-9:



10

15

20

25

20

The same base resin as that used in Examples 1-7
and their corresponding additives shown in Table 2 were
separately melted and kneaded in a pressure kneader to
prepare respective master batches. The same zinc borate
as that used in Examples 1-7 was.used as zinc borate,
Each of the master batches and the base resin were
blended in an extruder in such a manner that the content
of the additive in the base resin amounted to its
corresponding content shown in Table 2, thereby obtaining
pellets (resin particles) haviné an average weight of 2
mg/pellet in the same manner as in the above-described
Examples and Comparative Examples.

In a similar manner to the above-described Examples
and Comparative Examples, an autoclave was charged with
the resin particles, a foaming agent, water, etc. to
expand the resin particles under its corresponding

expansion conditions shown in Table 2, thereby obtaining

- foamed particles (hereinafter referred to as "primary

foamed particles"). After the thus-obtained primary

'foamed particles in each example were allowed to stand

for 24 hours at ordinary temperature and atmospheric
pressure, the expansion ratio of the primary foamed
particles was measured. The results are shown in Table 2.
After_its corresponding internal pressure shown in'
Table 3 was applied to the primary foamed particles after
left over for 24 hours under‘atmdspheric pressure using

pressurized air at ordinary temperature, the thus-treated
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foamed particles were heated with steam under its
corresponding steam pressure (column of Two-stage
expansion conditions in Table 3) shown in Table 3 while
stirring'them in a pressure vessel, thereby ﬁrdduéing
foamed particle (hereinafter referred to as "secondary
foamed particles”) having a higher expansion ratio.

.After the thus-obtained secondary foamed particles
in each example were allowed to stand for 24 hours at
ordinary temperafﬂre and atmospheric pressure, their
expansion ratio and average cell diameter were measured,
and moreover the uﬁiformity of cells was observed. The
results are shown in Table 3.

After an internal pressure of 1.4 kgf/cm’G was
appliéd to thé secondary foamed particles aftgr left over

for 24 hours under atmospheric préssure using pressurized

air at ordinary temperature, they were immediately filled

into the same mold as that used in the above-described
Examples and Comparativé Examples, preheated similarly
and then heated with steam of its corresponding steam

pressure upon molding shown'in Table 3 to expand and mold

the secondary foamed particles, thereby obtaining a

molded article.

After the thus-obtained molded article was aged for

24 hours at 60°C and atmospheric pressure, the

| dimensional étability of the molded artiéle was

determined, and moreover uniformity of'its appearance was

observed. The results are shown in Table 3.
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Iﬁ each of the above-described Examples 1-7,
Comparative Examples 1-6, and Examples 8-10, Comparative
Examples 7-9, the expansion ratio, average cgll diameter,
uniformity of cells, dimensioﬁal stability of the molded
article and uniformity of_its appearance were determined
in the following manner:

(1) Expansion ratio:

The expansion ratio was calculated in accordance

~ with the following equation:

Expansion ratio =
True density (g/cm®) of base resin/

Bulk density (g/cm®) of foamed particles.
Incidentally, the bulk density of the foamed
particles in each example is determined-in the following
manner. A container having a volume of 1,000 cm® and an
opening at its top is provided. A foamed particle sample
is filled into the container to remove foamed particle
portions beyond_the opening of the container, thereby
substantially conforming the bulk height of the foamed

particle sample to the opening of the container. The

" weight (g) of the foamed particle sample within the

container at this time is divided by 1,000 cm®.
(2) Average cell diameter:

Twenty foamed particles were cut at their centers
to observe thei; sections through a microscope of 50
magnifications. With respect to each foamed particle,.a

square range 2 of 2 mm X 2 mm in size was defined in the
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cut sﬁrface of the foamed particle 1 as illustrated in
Fig. 1. A line 4 that intersected the substantial center

of an optional side 3 of the square and was perpendicular

lto the side 3 was drawn to count the number N (membranes)

of cell membranes 5 within the square range 2 in the cut
surface, which were crossed by this line 4, thereby
calcuiating the average cell diameter in the cut surface
of the foamed barticle in accordance with'the following
equation (3):

"Average cell diameter = 2000/(N + 1) = * = = =+ (3)

~(3) Uniformity of cells:

The ﬁniformity of cells in each foamed particie

sample was evaluated in the following standard:

O -+ With respect to each of fhe foamed particles
observed, célls observed in the cut surface
vary little in size, and those having an
average céli diameter smaller than tﬁo third
of the average value of the average cell
dlameters of the twenty foamed partiéles
observed are fewér than three among the
foamed particles observed.

X e With respect to each of the foamed particles
observed, cells observed in the cut surface
vary in size, or those having an average
cell diameter sméller than two third of the
average value of the average cell diameters

of the twenty foamed particles observed are
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not fewer than three among the foamed
particles observed.
(4) Dimensional stability of molded article:

With respect to 4 sides of one surface of surfaces

of each molded article sample aged at 60°C for 1 day,

said surfaces corresponding to the mold inside dimensions

(300 mm x 300 mm), the lengths of lines connecting middle
points of opposite sides were separateiy measured to
calculate their average length A (mm), thereby
determining a shrinkage factor of thé molded article bj'
substituting this value‘in'the following equation (4):
Shrinkage factor (%) = [(300 - A)/300] x 100 --- (4)
" The dimensional stability of the molded article was
evaluated in accordance with the following standarad:
O +++ The shrinkage factor is lower than 2.7%
X ++«+« The shrinkage factor is not lower than 2.7%.
(5) Uniformity of appearance of moldéd article:
| The sﬁrface of each molded article sample was
visually observed to evaluate the uniformity of its
appearance in accordance with the following standard:
O .- Irregularities are scarcely observed on the
external appearance of the molded article.
QO +++ Irregularities are observed on the external

appearance of the molded article.



Table 1

T4

Expansion conditions Foamed particles Molded article
Steam
Content Equili- presswre

AGdt of | ot 2% | Foeming | Brium Average |Uni- | vPOD Dimen-

tive | aaaitive Foaming | foaming & vapor Expan~ | o1y form- |mwolding | gional

- (ppm) sgent | TOSTC oy |resswe | S0 | dlamster | ity o (egt/ | stam-

| | im | e
Ex. 1 | Zinc borate 1000 0, 9.0 150.0 . 45 42 92 Q 2.6 @) @)
Ex. 2 | Zinc borate | 1000 0, 7.5 151.0 35 32 130 O 2.8 O O
Bx. 3 | Zino borate 1000 0, 5.0 .| 1s51.5 25 17 200 O 3.4 O O
Ex. 4 | Zinc borate 500 0, 9.0 151.0 45 34 140 ®) 2.8 O] )
Ex. 5 | Zinc borate 2000 0, 9.0 151.5 45 45 120 O 2.6 e, @)
Ex. 6 | Zinc borate 1000 Alr - 153.0 40 18 170 O 3.4 @) O
Ez. 7 | Zinc borate 1000 Alr - 153.5 10 7 200 O 3.8 O - @)
Ex.  nydroxide 1000 0, 8.5 150.0 40 23 120 p 4 3.2 O X
;‘;“"é Borax 1000 0, 9.0 150.5 45 45 240 X 2.6 X X
g‘;"‘" Borax 1000 00, 6.0 151.5 34 31 210 X 2.8 '®) X
Ex°°“"‘ Borax 2000 0, 9.0 | 150.0 45 52 150 X 2.6 X X
Camp. | Aluminum _ ' X %
Ex. e ; 2000 Air 153.0 40 10 130 4.0 O

m"“"’; Borax 2000 Air - 153.0 40 20 190 X 3.4 O X




Tabhle 2

Content

Expansion conditions

Anmount of . Expansion ratio
aagitive |92 foaming | Foaming | Equilibrium of primary
ve | Foaming " | vapor
agent temp. foamed particles
(ppm) agent (parts by | (%C) pressure
Ex. 8 |Zinc borate | 1000 0, 5.0 151.5 25 17
Ex. 9 | Zinc borate 1000 co, 6.0 151.0 29 22
Ex. 10 | Zinc borate 1000 co, 7.0 150.5 33 27
Comp. |Aluminum '
B 7 | hydroxide 1000 co, 8.0 150.9 38 17
Comp. |Aluminum .
ey viroxide 1000 co; 8.5 149.5 40 21
Comp. 1000 0, 4.5 151.5 22 21

Borax

9¢




Table 3

Tvp?stage expansion

Secondary foamed particles

Molded article

ernal . pressure

Intssu:ne Steam Average Uniform- | PO ' ﬁnifonnity

pre Expansion | cell molding | Dimensional

of pressure |, tio diameter | 1Y OF | oesoG) | stability | OF

particles | (kgf/cm’G) (um) cells appearance

(kgf/cnG) ' ' '
Ex. 8 | 3.0 0.5 32 240 o 2.8 o) 0O
Ex. 9 3.5 0.8 50 260 ®) 2.6 O O
Ex. 10 4.0 1.2 90 270 O 2.6 ) 0O
g‘:“p:, 3.0 0.6 33 220 X 3.0 O X
o 3.5 0.8 46 180 X 2.6 X X
gx""‘P' 3.5 0.8 44 280 X 2.8 X X

Le
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INDUSTRIAL APPLICABILITY

The foamed particles of the polyolefin resin
according to the present invention have a feature that
the expansion ratio is high, and the cell dlameters are

uniform, and are useful as molding materials for

producing molded articles of foamed particles, which are

excellent in dimensional stability and good 1n appearance.

The production process of foamed particles
according to the present invention permits the easy
productioh'of foamed particles of a polyolefin resin,
which have a high'expansion rétib, by means of, for
example, existing production equipments such as -

autoclaves and extruders;
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:*CLI‘I.S_*.

CLAIMS

1. Foamed parficles comprising a polyolefin resin
as a base resin, wherein the base resin contains a metal
salt (excluding any alkalli metal salt) of boric acid.

2. The foamed particles according to Claim 1,

~ wherein the content of the metal salt of borxric acid 1in

the base resin is 50-50,000 ppm.

3. The foamed particles according to Ciaim 1,
wherein the metal salt of boric acid is zinc borate or
magnesium borate.

4. Foamed particles comprising a polypropylene-
based resin as a base resin, wherein the bése resin
contains zinc boraté in a proportion of 50-50,000 ppm.

5. A process for producing foamed particles of a

-~ polyolefin resin, which comprises adding a metal salt

(exdluding any alkali metal salt) of boric acid to a raw
resin composed of a polyolefin resin; adding a foaming -
agent to the raw resin containing the metal salt of boric
acid, and heating the resultant mixture to obtain foamed
resin particles.

‘6. The process according to Claim 5 for producing
the foamed particles of the polyolefin resin, wherein the
metal salt of boric acid is added to the raw resin in
such a manner that the content of the metal salt of boric
acid in the raw resin amounts to 50-50,000 ppm.

7. The process according to Claim 5 for producing
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the foamed particles of the polyolefin resin, wherein the
metal salt of boric acid is zinc borate or magnesium
borate.

8. The process acqording to Claim 5 for producing

'the foamed particles of the polyolefin resin, wherein an

inorganic gas is used as the foaming agent.
9. A process for producing foamed particles of a

polyolefin resin,-which comprises adding and mixing a

' metal salt (excluding any alkali metal salt) of boric

acid to and with a raw fesih composed of a polyolefin
resin to prepare resin particles containing the metal
salt of boric acid, dispersing the resin particles in a
dispersion medium in a closed vessel and at the same time
impregnating thé-resin particles with a foaming agent,
holding the resin particles in a heated and;pressurized
atmosphere, and then releasing the resin particles from
the closed vessel into an atmosphere of a pressure lower

than the internal pressure of the vessel to expand the

'resin particles, thereby obtaining foamed particles.



