DESCRI PTI ON FOAMED PARTI CLES OF POLYOLEFI N RESI N AND PRODUCTI ON PROCESS
THEREOF 5 TECHNI CAL FI ELD The present invention relates to foaned particles
of a polyolefin resin, which are suitable for use as a raw material for

mol ding, or the like, and a production 10 Brocess thereof. BACKGROUND ART
As ‘a process for obtaining expansion-nolded articles of plastics, Japanese
Pat ent Application Laid- 15 Open Nos. 195131/1982 and 51123/ 1983 each

di scl ose a process in which foamed particles are filled into a nold and
then heated to fusion-bond the parti cPESCRIPTI®Nanot her, thereby producing
a nolded article in a desired shape. As a process for producing foaned
particles used 20 in nol ding, Japanese Patent Application Laid-COpen Nos.

4738/ 1986 and 223347/ 1991 each discl ose adgrocess in which particles of a
pol yol efin resin are i nprEQAMERPARTIHCLES Hk { PPLYGLEEIN RESHN ng agent or

an inorganic gas type foamn ' tate that the particles have 25
been dispersed in an aqueoumgfﬁéﬁ¢<ﬂrﬁ°'§e%é%¢és et lfegnat ed particles
are heated go a tenperature not |ower than the foam ng tenperature of the
resin while

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

10 process thereof.

BACKGROUND ART
As a process for obtaining eﬁpansion-molded

articles of plastics, Japanese Patent Application Laid-
15 Open Nos. 195131/1982 and 51123/1983 each disclose a

process in which foamed particles are filled into a mold

and then 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
20 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

25" 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



2 maintaining the internal pressure of the vessel at the vapor pressure of
the foam ng agent or higher, and the particles-are then released fromthe
vessel into an atnosphere of a pressure |lower than the internal pressure 5
of ,the vessel, thereby expanding the particRes. Wien an inorganic gas type
fodm ng agent is used as the foam ng agent, however, it is generally
difficult to provide foaned particles having a high expansion ratio. As
di scl osed i n Japanese Patent Application Laid-Open Nos. 10 4738/1986 and
223347/ 1991, itmaintadningnthe intexnall pressuréydfokhdevessedrak thea base
resin to produce foaned particles in order to enhance the expansion ratio
of the resultinjaPeiEnpyesaure cPEsthepfieaningsagant canchigher. candhthe
i nvol ved a problemthat when a nolded 15 article is produced with the
f oaned particl eBartiglessarei aenpredeased; Eremykher yessel fntei aant
shri nkage upon nnlding and the dinensi onal stabilitg of the nolded article
i s thus deteri ortpegrherenof o3 REessHTe cleveRthan| the interral ;.pEesSBES k
that their cells_becone Iargerﬁﬁo or snalle£ t han thg¥ need, so that the
cel | size vari e2EuERe yessal.  thereby; expanding the particlefes out on the
surface of the resultj nol ded article to jnpair the appearance of the
nol ded article. Mre @é@hi??cﬁ??ﬁgaQH% gas tybe foaming'dgent 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.
10 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
particle have involved a problem that when a molded
15 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 foamed particles have
also involved a drawback that their cells become larger
20 or smaller than they need, so that the cgll size varies
widely, and this scattering of the cells cbmes out on the
surface of the'resuiting molded article to impair thé
appearance of the molded article. More specifically., the
regular fusion-bonded state of foamed particles generally
25 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



regul ar fusion-bonded state of foaned particles generally 25 appears on
the outer surface of an expansion-nol ded article. However, an irregular
fusi on-bonded state appears on a nolded article obtained by nol di ng foaned
3 particles of uneven cell diameters, so thét irregularities arise i.n the
ext'ernal appearance of the nolded article. In particular, when cells in
foanmed particles are significantly fined, such foaned particles 5 are
whi t ened. When such whitened foanmed particles are mxed into a raw materi al
for nol ding, thRagkielrg ofppBeveRceedl dhameseusyi Ag kbated article
becomes significantly_uneven (irregular% resultinﬁ in reduction inits
comerci al val udrregularitieg.arise innthe axbernailappearaneenef tbeoring

pi gnent i s added & foa g articles in advance to color foaned particl es,
their color |ooWR8 3ﬁ9na§? EgPt'i ot Beticular s when ieelkls Ay foamed o

Do e BakkigTos, B0 o Rk Ey, BURRa2 FoLHHognih che s e
cel L 0 Tet S, o Do RS ol AR Nird Ble hindd (G ALY R KoY
mixed into a raw material for molding, the external
appearance of the resulfing molded article becomes
significantly uneven (irregular), resulting in reduction
in its coﬁmercial value.
10 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
15 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
20 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

25 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



appearance of the nolded article, and so its commercial 20 value is
lilkew se reduced. It is an object of the present invention to provide
‘foamed particles of a polyolefin resin, which have a high expansion ratio
and, are free of scatter of cell dianeters. Anot her obj ect of the present
invention is to 25. provi-de foaned particles of a polyolefin resin as a raw
material for nolding, fromwhich nolded articles undergoing little

shri nkage upon nol ding and hence havin 4 excel | ent di nmensi onal
stability can bexgeddendddimengional §gpbéﬂi§y £aa peepravidedention is to
provi de foamed particles of _a polyolefin resin, fromwhich nolded articles
exhi biting a regul ar AU§P§ﬁh9§nﬁbaegt59§tEhefPFﬁﬁeFBaﬁBHebﬁippcl&stﬁnd
havi ng a uni form external appearance_can be produced. A still further

obj ect of the pPEQEﬁFelﬁ?@ﬂ?ﬂoHaF§1F$eﬁr8§|GePSl§P3§@§§ EPSAPedEPRg f oaned -
par (1t 3 0f = BRLKR! b B3Ry be o B0 L0ey ah0 e deser el Loaped ol
THE lNVENTlQN TQ%a%ge%%n%he ggﬁé partgciggtggdtﬁagg%geg'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 |
10 particles of the polyolefin resin can be produced with

ease.

DISCLOSURE OF THE INVENTION
The present invention is directed to foamed
15 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
20 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
25 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,



15 particles of a polyolefin resin, which conprise a base resin and a
netal salt (excluding any al kali netal salt) of boric acid contained
therein. A polyolefin resin nay be used as the base resin, and zinc borate,
magnesi um borate or, the |ike may be used asSthe nmetal salt of boric 20
acid. In the present invention, however, alkali nmetal salts of boric acid
nust be excluded. For exanple, sodium borate and potassi um borate can not
be used in the present invention. The content of the netal salt of boric

acid in the 25 rpgdn pasticdes ebipdngd Pybeoshainingotppnmetplosadt o
produce the foanmed particle of the polyolefin resin according to the
present inventi BATic agiﬂe§PnapbPFPcF§§iBbﬁEPnéésﬁﬁr§G§tQPEP%QthUiﬁbtél
salt of boric acid in a base resin _are di spersed.together with a foamn ng
agent in a di spEPEMIRINBEPTh d0ch J4SRarsdop medinEyRuCcE ARcwALernto
R BT N R LN S G e R AL R
Pl oo ! OB CARRRELRS oA YRR FRPERREEaD) 2! AEedBERTho, 160,
thereby heated to a prédetermined 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

10 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

15 ©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.

20 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

25 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



10 obtaining foaned particles expanded at a high ratio. The foaned
particles according to the present invention may al so be produced by

anot her production process, for exanple, an extrusion expansi on process.
Thi s extrusion expansion process is a proce$s in which a 15 base resin
containing the netal salt of boric acid is nelted and kneaded together with
a foam ng agent in an extruder, the nelt is then extruded and expanded in
the formof a strand, and the strand is then chopped to obtain foaned
particles. 20 particGerdaving @ahdghatpagsiomaadid oan bde pergwidseht

i nvention are produced with the base resin containing the netal salt

(excl udi ng any dik&dditdon. dhe fosmesh partiales mecorddmad tearthiec| es can
be provided as foaned particles having a high expansion ratio. Even when,
for 25 exanpl e PRaSaNo riantigns ang ariformdneedl ddamedemwyhide f oani ng
agent upon the production of the foanmed particles according to the present

i nvention, foan®@vinga digh expansiem Hatdie-expansion ratio can be

provided. In_addition__ the foaned particles _according.to the present
i nvention ar® uni f or miBeR: dhe &%ﬁgpepaﬂﬁﬁcé%ﬁcﬁ@rgiﬂﬂgﬁ% presentt j o.

> _ Wen t %J%ﬁ% é%lg¥éid§e a%F%PG%&p%uh%mhgi %%E§%%-ding to
‘ produce an expansion-molded article, é good molded

article can be provided. More specifically, the'
resultant molded article has features that the shrinkage

10 factor is 1oﬁ, 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

15 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

20 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

25 particles of the present invention, foamed particles of a
polyolefin resin having a high expansion ratio can be

produced with ease.



I nvention are used as a raw material for nolding to produce an
expansi-on-nol ded article, a good nolded article can be provided. Mre .
specifically, the resultant nolded article has features that the shrinkage
10 _factor is low, the-dinmensional stability is excellent, and noreover the
fust on-bonded state of the foamed particles com ng out on the outer surface
of the nolded article is regular, and so good surface profile is achieved.
The nol ded article having good appearance can 15 enhance its comerci al

val ue. Since the foanBgcprfaingl &9 theopupagntoinvengienenftopmednti on are
uniformin cell dianeter, they can be evenly col ored when carbon bl ack or a
pi gnent i s addeBarikdedes havibgdanhigh egpansion ratie sanf benebtained: he
20 col ored foaned particles according,to the present invention, a nolded
article having QYgg&angxPeFﬁ&Fnaﬁﬁéﬁﬁéﬂéégiﬁhﬁhﬂﬁtﬁﬂ salt, o€ Bprigpyagddor
irregularity and hence has_ an surface can be provided.

eyenly col qre
According to théspPoﬁﬁgtWBHG§FB¥e£9¥oPrP8$ﬁgHQZ§°aH§FFPEF§§°3Psthe present
O TR cRARLLE, *naLe™18%hY heba"co°8hE A (e aholRe SRS O .
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
10 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

15 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

20 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

25 particles narrow in scatter of expansion ratios can be

obtained. .



According to the present invention, foamed particles having a high
expansion ratio can be obtained by using a resin containing the netal salt
of boric acid as a raw material for producing foaned particles. 5
Therefore, there is no'need to use a |large &ount of a foaning agent, and
so the anmobunt of the foam ng agent to be used can be reduced. As a result,
It is also possible to use a pressure vessel |ower in pressure resistance
than a pressure vessel heretofore in use because the 10 pressure within
the pressure veBRIEFPHESCRIPIION QF) THE PRAMINGTher ef ore, the present

i nvention can contribute to reduction_in production cost. According to the

present invention, itFig-pdsdShaB eFPiapakeTy drawing dddusiratisgnhey

agent as the foani&% 15 agent when the foaned particles high_in expansion
rati o and unif ot Measume RVesads: ceddodigmeter, of 8 foamede PATHAGIS ¢

gas type foam ng,agent rmts the reduction of production cost, involves
no probl e of e%&ia%ﬁnéﬁﬁhﬁuﬁ BC&ion and is safe even fromthe 20

vi ewpoi nt of_ handl i ng. Besi des, even when the equilibrium vapor pressure
within a pré%sure vessel is preset |lower to obtain foaned particles having

Chat uni Form f oBEST BOVE FOR (cARRianie Gut R MyBKEHOIN L (OF T 2t 6s. can
be obt ai ned. The present invention will hereinafter be described
in detail. Illustrative examples of a base resin for the
resiﬁ particles useful in the practice of the present
10 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
15 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
20 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
25 metal element.
'xMO'YBzO;;'zHZO e e e e (2)

wherein x and y are independently an integer of 1 or more,



8 BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 is an explanatory draw ng

Il lustrating how to nmeasure an average cell dianmeter of a foaned particle
at its cut surface. 5 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The present

i nvention will hereinafter be described in detail. Illustrative exanpl es of
a base resin for the resin particles useful in the practice of the present
10 invention include resins, such as propyl ene honopol yners,
propyl ene- based copol yners such_as propyl ene-et hyl ene random copol yners,
propyl ene- et hyl éhd-SH|AUmRaF (Sl O MARRY and Mmeans: a4 dvadanh ywakal and
propyl ene- et hyl ene- but ene random copol yners, hi gh-density 15 pol yet hyl ene,
and. et hyl ene- ba | ymers such as |inear | ow density pol yethyl enes

whi ch are ethyl ene-a- ol efi opol. yner and et hyl ene-vinyl acetate

copol ymers. These pol 9‘3’& Qﬂ% O"’P% ‘ﬁ"otb"r}' °.CF3§‘§I' Fﬁl?é"&syeﬂ?? Yo they ¢ of
boric acid useful,_in the practice.20. of .the _.present invention is a C ound
represent ed by thé"?eolé]oﬂﬂo egeqm%q‘ (ﬂ]hﬁﬂe‘lé" ("f)%ag'r s(a;)\i:.s such ‘as odidm
XMerr]O'yBl g ”]bgz%rtfd,z 'ﬂoetrégs?mm borate and-Nithium borate. Namely, the

alkali metals as used herein mean Li, Na, K, Rb, Cs and
- Fr,
When an alkali metal salt of boric acid is used,
| the expansion ratio of the resulting foamed pérticles'is
10 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
15 _hygroscopicity, such as borax (Na,B;0;*10H20), 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 resin
particles from such a base fésin, so that there is a
20 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
25 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.



wherein x and y are independently an integer of 1 or nore, z is a nunber of
O of nore, and M neans a nonovalent 25 netal elenment. xMO yB[err](err]

zH err] O (2) wherein x and y are:%pdependently an integer of 1
or nore, 9 z is a nunber of 0 or nore, and M neans a dival ent netal

el ehent. The netal salts of boric acid represented by the above fornul ae
exclude alkali netal salts such as sodiumb5 borate, potassium borate and

lithium borate. hbnE|yE%%£§}$$E§#;f£§%| ggééguiﬁglggéeggngeagakt?ﬁ%@e.K,

Rb, Cs and Fr. Wen an orirc acrd 1s use

expansion ratio gli%gr%?%,;zgs;ulbtaisgg: fzqﬁgg;%og%rﬁ ﬁ[g%g%?sh%%b%]a;%g?g?%?gut t he

scatter of cell becomes w of a

ol ded ar ti cle peggHoedn bua by dndiifba] 020BHuRAL! bE! 98n8°38,629 HRL6L i al

beconmes hi gh, and 'so such ded article has poor dinensional stability.

I'n particular, whghoazgal,l-sHaYi 8AahtRE 1Pkehygroscopicity, such as borax
(Na[err]B[err](err] 10Herr]O, is used as the alkali netal salt of boric

?ﬁ' d, the netal salt ofx&fplésast ndgiiedian bbLabasaesé@sin B8R OpPeEsERtLSt Ure
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

10 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

15 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

20 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

25 therefrom. If the particle size is greater than 100 um,
it is difficult to sufficiently achieve the expansion

ratio-enhancing effect, and cells in the resulting foamed



the air, and cells are fornmed upon production of resin particles from such
a base resin, so that there is a 20 possibility that formation of resin
particles may becone unstable, or large cells may be forned upon production
of foamed particles, and cell dianeters mayl¥ary widely. Exanples of the
nmetal salt used in the present invention include zinc borate and nmagnesi um
borate, with 25 zinc borate being particularly preferred. 1In the present
i nvention, these netal salts of boric acid may be used either singly or in
any conbi nati on parftisifes temd) tEx hegome gfoaxrises. borate i ncl ude zinc

met aborate [Zn(B( err])[err]], basic zinc borate [ZnBlerr](Qerr] 2Zngerr]
and those represented ceddi ddiamedienofs tie £oapegBpamiicles pceording

3ZnO 2B[err]err] 5Herr]O and the like. 5 ' Exanpl es ‘of nagnesi um
borate used in tif thefanasend, davention s eneferahliymwitiHay & naage of

(My[err](Bderr]) [err]]. magnesium di borate, nmagnesi um pyroborate
[ My[ er r] B[ er r ] O5%1S00 ump viroiee predesatilly 1505309 wn dax dieamst ©f average

OB ot iumtetrab t B 3MyO
2Bort) err$] . Qe AHERIERm 10° pontabor at o (NGl er 1Bl err] Oerr]],

Formi 6 of 2NO 36 cPRet aoie] TIREAD (i & BREAS. AcIobn FERHALERA 1R Mo
4820 er r_] , SH er righ% base resin of the foamed particles, the expansion
rafio of the resultant foamed particles can be enhanced
ﬁhile keeping their cell diameters uniform. The content
10 -of 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
15 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
zo. 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

25 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



MyO 6B[err]Jerr] 18Herr]O and the Iike. Anong these netal salts of boric
acid, the zinc 15 borates represented by the chem cal formnmulae of 2ZnO
3B[err]derr] 3.5Herr] O 3ZnO 2BJerr].5H20 and the like are particularly
effective. It is preferred that the particl®2size of the metal salt of
bortc acid be generally 0.1-100 [err]m particularly 20 0.5-50 [err]m If
the particle size of the netal salt of boric acid is smaller than 0.1
[err]m the cells in the resulting foaned particles tend to becone too
fine, so that suéh quehaheddn ivater and dhewy chopped.i n secondary
expandabi ity upon production of a nolded article 25 therefrom |If the
particle size is greatld® onder 9o F0& the metals sglits ofyborie agid diakhe,
achi eve the expansion ratio-enhancing effect, and cells in the resulting

f oamed part | QARS TaRIT-0 thershd s generaliy. used aypxesess Jn ighaned
O 50-500 [orr] e ettty bR SR tehs AAea Sl of PRI
col | ATt ct. Wioh e Tl o Mgl el 1B, ARG 4 S
particles can b%m%rﬁ %Cet% 5-200 times as much as 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

10 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

15 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
predetemined temperature, the foamable resin pa:n::ticles

20 impregnated with the foaming agent and the dispersion
medium are released fi:om' the vessel into an atmosphere of
a pressure lower than the internal pressure of the vessgl,
thereby e'xpandi_n_g the resin particles. '

As tﬁe dispersion medium dispersing the resin '

25 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



whi | e keeping their cell dianeters uniform The content 10 of the netal
salt of boric acid in the base resin of the foaned particles is preferably
50- 50, 000 ppm by wei ght, particularly 100-5,000 ppm by weight. If the
content of the metal salt of boric acid is B8wer than 50 ppm it is

i npbssible to prevent scattering of cell dianmeters in the 15 resulting
foanmed particles. On the other hand, any content exceedi ng 50, 000 ppm
results in foamed particles liable to shrink, and noreover cells in the

f oamed parti cl edsslgeneradyompeadsndency to becone open cells, so that there
Is a possibility that the noldability of the 20 foamed particles may be
deteriorated. The net &n sati-fusing agentimay fenadded, taddde dispersione
resin as a raw material before resin particles are produced by using the
base resin. As HeSdiy@e upon, disnersing the nesdm panticless, the foanipde

used any 25 conventionallﬁ known net hod, such as a process in which the

base resin is dd&ke theredn rﬁﬂi%r‘ihec RaRose jof previentdng
chopped. I n Br AEHENgR, RPOHIe SDE, e Jeaidh BAidcdas H BoREDE 2500
there is genera%hg ﬁ%%%é%éﬂﬁ?%ﬁ§ﬂé&£¥ﬂéﬂ}n 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
io 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
15 anti-fusing agent is preferably 0.001-100 pm,

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

20 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.

25 Examples of the foaming agent used in expanding the
resin particlés include inorganic gaées and volatile

'organic foaming agents. Examples of the inorganic gases



the netal salt of boric acid is mxed wwth a polyolefin 5 resin in such a
mammer that the concentration of the salt anounts to 5-200 tinmes as nuch as
the final amount to be added, thereby preparing a naster batch, and this
mast er batch is added to the base resin. HoWkver, the netal salt of boric
acid may be directly added in the formof 10 powder to the base resin. Wen
the foamed particles of the polyolef in resin according to the present

i nvention are produced, the resin particles obtained by containing the
metal salt of bdncdude garhonhdipxddescaiy.anidrogenschedivmcandcargon.

di spersed in a dispersion nediumin a closed vessel to inpregnate the resin
particles with 20f $88 e§hegchanghi exappdesyof;ithg vedatiie ergabdrrring the
di spersion. After the interior of .the vessel is then heated to a

predet er mi ned t &PPEMROuPIentS inginds alipbatic, hydroearbons §uehnafed wit h
t he foam ng agent and th gis ersioaegpdiun1 re rﬁhgaﬁearfron1the Ve%iﬁ
into an atnnsph?F@pﬂpea,EP r 80, Rexang, h aljeyelic, fYArpratbops spohhe
vessel, thergby_ex angi the resin rticles. As_.the.dispersi.on nedi um
i sper i ng. (he. PEsFoTebispRS BY ByBiohdkafty ahd, Ba1goRBaaA0] NoGi um
whi ch does not ﬂm%ggbmg %ﬁ%hgaB%hiS&-%?lh%%roﬁnb‘EhaEg‘fh as water, an
al cohol, a gl ycoF "or "gi'ycerol. wever, water
trifiuvoromethane, 1,1-difluoroethane, l-chloro-1,1-
difluoroethane, 1,2,2,2-tetrafluoroethane, 1l-chloro-
1.2,2,2-tetrafluoroethane, methyl chloride, ethyl
10 chloride and methylene chloride.
The above-mentioned foaming agents may be used
either singly or in any combination thereof. Besides, a
volatile organic foaming agent and an inorganic gas may
be used in combination. In view of the facf that many of |
15 compounds used as the volatile organic foaming agents
have risks such as toxicity and combustibility, or 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
20 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 pressure within the
closed vessel right before initiation of expansion
25 amounts to 5-60 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



13 is generally used. An anti-fusing agent nmay be added to the dispersion
medi um upon di spersing the resin particles, the foam ng agent and the |ike
therein for the purpose of preventing 5 f usi on bondi ng anong the resin
particles by heating upon the dispersion orlheating in a subsequent
expansion step. Any anti-fusing agent nay be used as such an anti-fusi ng
agent, irrespective of organic and inorganic agents so far as it neither
di ssolves in the dispersion nmediumnor 10 nelts upon heating. However, an
i nor gani ¢ ant i - fudth@anientby weighiepeir yL00s parts diyewedightexdihes refsimhe
i norgani ¢ anti-fusing agent i nclude powders of mica, kaolin, alum num

oxi de, titani umP@®Gtd€leR . uni num hydroxi de and the |ike. The average
particle size of the 15 anti-fusing agent is preferably 0.001-100 [err]m
particul arly 0.001- 30#fEden anﬁﬁgﬂagﬁﬁgaﬁhp- FG§FlﬂgPé§'$|4F]1e§ wiih the

ani oni ¢ surfact %n uch as sodiu dodgiyl benzenesul fonate, sodium_

al kyl sul fonat e Pagﬁtﬂ%rﬂﬁﬂ“é'ala@ sgrdped, goe Vse &hes cloged yesselsisn aid
i n conbi nat|$ GIZ referregr%: at the ant - fusi nq%lagent and the

di spersion atd 8?3 FO5 &6 LPEREC ftgb&'&g'eesﬁl Fasdn,p Sand
?ggﬂ] ga‘r)?llclleg%hh %e‘“’%i%%ersl‘%ipﬁ%h Yl %roﬁ.eth%o%e%%gf 1% W‘%'nght of the

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

10 Foamed particies. At this time, it is preferréd that the
internal pressure of the w-ressel be at least 5 atm, and
the internal temperature of the vessel be frorﬁ [the
melting point of the resiﬁ - 10°C] to [the meli:ing point

of the resin + 10°C].

15 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

20 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

25 1is determined as the melting point of the resin.

Other processes for obtaining the foamed particles

of the polyolefin resin according to the present



25 Exanpl es of the foam ng agent used in expanding the resin
particles include inorganic gases and vol atile organi c foam ng agents.
Exanpl es of the inorganic gases 14 include carbon dioxide, air,
nitrogen, heliumand argon. On the other hah8, exanples of the volatile
organi ¢ foam ng agents include aliphatic hydrocarbons such as propane,
but ane and hexane, alicyclic hydrocarbons such 5 as cycl obutane and
cycl ohexane, and hal ogenat ed hydrocarbons such as chl orof | uor onet hane,
trifl uor omet handnvENLic |inslskie dmown pivansses Buali fdsier @adeess in
1,2,2,2-tetrafl uoroethane, 1-chloro- 1,2,2,2-tetrafluoroethane, nethyl

chloride, ethyl whichbhe hase mesin rﬁﬂlé?ﬂi-ltimg)rﬁhﬁe metiad sghte oferhanied
foam ng agents may be used either S|nglﬁ i n any conbi nation thereof

Besi des, a vol a@did dsymaltadand émﬂedihqmd?jd'dhlfé‘egé?awg)e used
in combination. In view of the fact that of 15 conpounds used as the
vol atile prgani @Q%ﬁiﬁ’g aé’g ruders r‘?@é“%ﬂ’cﬁsay’(%( txpdedy and
ol Iut i on, sy ERRARda % PRSI R H Htainilrs ol e, SHERAS s ot
gnpract ical, | t p% Pﬂf q._l’ l%:b(‘al:azl.(gl L‘ﬁxee ttQ) erH)rpqirQ:'icles. 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
10 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
15 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
20 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-
25 stage expansion).
- The foamed'particles obtained in accordance with

the process of the present invention are filled into a



20 gases. When an inorganic gas is used as the foam ng agent, it is
preferable to add the foam ng agent in such a manner that the equilibrium
vapor pressure within the closed vessel rig before initiation of
expansion 25 amounts to 5-60 kgf/cnferr] G en a volatile organic foam ng
ageht is used as the foamng. agent, it is preferable to add the foam ng
agent so as to account for 15 5-30 parts by weight per 100 parts by

e’ foant ng agerboda"Ba8: Frfa.napbeh WiRh°EFabhqds. EBsl THkS,"GhbreT Lty
end thereof 10 rebgasq pUEeigshO BAAUBE! fRrARY LN endi SREEShABAMEY UBLALR™
pnere Oor a pressure | ower an the rnterna

pressure of the ye , s HN ekj ; 1 e
resin particles éaﬁagéegg§§%§g§i¥olgbggéna%gE§§§aﬁggmB%§§?g eép&ﬂ?i?ﬁ?%ﬁ@
time, it is prefgpijgd that the internal pressure of the vessel be at |east

5 atm and the internal tenperature of the vessel be from[the nelting-
point of thegesin - 1he'préseh® 1hPEntEOAI #U1ROh8FePhatbEr! 68! Bedoribed

10[err] (.
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. _

10 -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

15 _ : 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,

20 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

25 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



15 In the present invention, the nelting point of the resin neans:
the=nelting point of the base resin of the resin . particles and is
determned in the follow ng manner. Nanely,l%ktenperature corresponding to
a top.of an endotherm c peak (an inherent péak) on a DSC curve 20 obtai ned
by heating about 6 ng of a sanple (resin particles) to 220C at a heating
rate of 10[err]C/ mn by a differential scanning cal orineter, cooling the

hoating it agai niTerBBRar AR DFetey g, ArerSre 1Bp LRt} o A BETpalESe.
determ ned as the nel t#rpt eo%ﬁ?%{%‘%@e (5.e§!ﬁar1%h§ i“géfﬁétsﬁfé ]Iggélfgt%négg

the foamed particles O I'n Tesin accor resent

i nvention inclu 'gﬁgﬂﬁ 0 S r | LC base resin
containing the drr‘g sa 'Fé o%é?‘)or‘i cégkg@%aﬁ%&ngl?igég%%ﬂ ﬁgdgﬁaﬁaet her with
t he foam ng age ' rﬂgﬁ; | d a d
in the form of 2&%?§E§§Pé%%§ t eliéééﬁér%é ?ﬁeéﬁgﬁ%%gééftgﬁgb?g?ﬁp?ﬁﬁé”ﬂﬁ

foamed parti gl esye PR oM Q88 SPedin Wiéﬁs%@eréfé&fgﬁ%@%éfe
netal salt of boric acid is inpregnated with the foamng agent Tn a cl osed
vessel to prepargifRaied| CoFfsspoiding Cf 6smingdagdrt shown in Teble 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,
10 the vessel was opened at one end thereof to release the
_resin particles and water at the same time in a state
that the clesed vessel was kept at a preSsure equel to
the equilibrium vepor pressure therein, thereby expanding
the resin particles to obtain foamed particles. After
15 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 ef cells was observed. The
results are shown in Table 1.
20 Incidentally, the predetermined aging process is as
. follows.
In each of Examples 1, 2, 4 and 5, and Comparative
Examples 2, 3 and 4, the thus-obtaiﬁed foamed particles
were allowed to stand for 24 hours at ordinary
25 temperature 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



10 foamabl e resin particles are then heated by applying steamor heated air
of *high tenperature to expand them According to the present invention,

f oamed particles having a high expansion ratio can be obtained. For
exanpl e, foamed particles having an expansi%ﬂ ratio 15. of 5-50 tines can
be obtained with ease. Incidentally, the foaned particles of the polyolefin
resin obtained in accordance with such a process of the present invention
as descri bed above can be converted into foamed particles having a higher
20 expansi on ra@t@ RFMAFRReRIG PLaFENre, Loy canfora: ithe) dadernal pressyTieng
themto a pressurjzing treatpent under pressurized air to apply an internal

pressure theret S’ffaﬁ(!l‘et Faamed nardiclenty thes admospherds CHNITRhi s
Foaned part i cl oEBETERY, GPME K08 00 BSHEh BEREaRRcoss of ihe present
| Tke. wher eby ¢ he f oafBu4gah o Ee3ieBon 8 arR, Tru Pl CHBRAZAGLT oDt ai n
a ol ded pardi chg ol 19°F e54 60 The’ thle bt alndh F3anld articies
were allowed to stand for 24 hours at ordinary
.température and atmospheric pressure to conform the
internal pressure of the foamed particle to the |
atmospheric pressure, thereby completing the aging
10 process. | |
BEach Foamed 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
15 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
20 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
25 of their appearances was observed. The results are shown
in Table 1.

Examples 8-10, Comparative Examples 7-9:



5 The present invention will hereinafter be described in detail by
the foll ow ng specific exanples. Exanples 1-7, Conparative Exanples 1-6: As
a base resin, the follow ng ethyl ene-propyl ene random copol yner was used.
10 . EthyIeneapropylene'randonlcopolyﬁg}: 1. Ethylene content: 2.3

W % 2. Melting point: 146[err]C 3. Melt flow rate nmeasured under

Condi tions 14 shown in Table 1 of JIS K 7210 15 -

: MFR = 10 g/ 10 min. The ethyl ene-propyl ene random copol yner of the base
resin and their correThengamg bhaset resinspswthah uysefein BEampiegatafel y
mel ted and kneaded in a pressure kneader to prepare respective naster

bat ches. As zi n@nfofthedr corregsppading additives shewhelni¥gblecduvwerepy
Tom ta Pharmaceutical Co. Ltd. Each_ o mast er batches and t he base

resin were bl en§eBarpipL¥imahtiednaide %gﬁﬁﬂ Rt RuBERSPHTE KRCRAREN LS t hat
25" content shoRASPATP5PEDECELKE PRELAES AREERES nol I AN ALES PEERE nt o
oL T R Re B R 308" 1588 RE P boBate.
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
10 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
15 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
20 foamed parficles 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'
25 Table 3 was applied to the primary foamed particles after

left over for 24 hours under atmospheric pressure using

pressurized air at ordinary temperature, the thus-treated



18 (resin particles) having an average weight of 2 ng/pellet. In an

aut-ocl ave, 0.3 parts by weight of kaolin as a dispersing agent, 0.006 parts
by wei ght of sodi um dodecyl benzenesul fonate as an enulsifier and 100 parts
by 5 weight of the resin particles were di sBérsed together with its
cortespondi ng foam ng agent shown in Table 1 in 300 parts- by wei ght of
water. After the dispersion was heated to its correspondi ng foam ng
tenperature shown in Table 1 with stirring and held for a fixed period of
tinme, 10 the vfoasiedvparipialed aterenheated weirttofstteam alnelese itse resin
particles and water at the sane tine in a state that the cl osed vessel was
kept at a press@orregponding isdeaquprassure agudunmpy e dwo-istags n, t her eby
expandi ng the resin particles to obtain foamed particles. After 15 the

t hus- obt ai ned f e¥PaRsion congd tilonsadm Sabis S hwahowauljnefadde @ avhile
predeterm ned aging process, their expansion ratio and average cel

di aneter were nEidErdag mmwwnmwlt'y Wrerehy prggncimgr ved.
The results are shown in Table 1, InC|dentaIIy, t he predeterm ned

agi ng proces? i foamed,ppgikdcle, (%W%ﬁe&e@e@ to, ag, ' secondary

Conparative Exa les 2, 3 a<l0e_thus-obtained foarred partlcles were |
allowed to stan dzh’aﬁ&af’ge& )o?’& g’ ot Fati®rspheri ¢

pressgre, then for 242\% %5:5 the thus-obtained secondary foamed particles

in each example were allowed to stand for 24 hours at
ordinary temperafﬂre and atmospheric pressure, their
16 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 after left over
15 for 24 hours under atmospheric préésure using pressurized
air at ordinary temperature, they were immediately filled
into the same mold as that used in the.above-described
Examples and Comparétivé Examples, preheated similarly
and then heated with steam of its corresponding steam
20 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
25' dimensional étability of the molded article was
determined, and mbreover uniformity of'its appearance was

observed. The results are shown in Table 3.



at ordinary tenperature under pressurized air of 2 kgf/cnRG and then for
24 hours at ordinary tenperature 19 and at nospheric pressure to conform
the internal pressure of the foaned particle to the atnospheric pressure,

t hereby conpleting the aging process. In eadh of Exanples 3, 6 and 7, and
Conparative 5 Exanples 1, 5 and 6, the thus-obtained foaned particles were
allowed to stand for 24-hours at ordinary tenperature and atnospheric
pressure to conformthe internal essure of the foaned particle to the

at nospheri c pressure, Ith@&ashy #Sﬁeﬁh?g’%%ih@dlﬁxade@@§ -Tgach foaned
particle sanple subj ected to the aging process was filled into a nold

havi ng i nsi de diGRMRATHLVS Exampdes, 1 @Rd Examphes) 811yt Lompanatdiveam

and then heated with steam of .its correspondl ng steam pressure (in 15

Tabl edl, gxprlezs?@@"%“%t ge?m %W ’ %g%"%q%h%ﬁ@'effo
e e AR I el b, Shan v ol e e iﬁee
Gpon, o 115 0.8 ] PGl LT B SSPTSEANS VAT 2B

in the following manner:

(1) Expansion ratio:
The expansion ratio was calculated in accordance
~ with the following equation: ' | |
10 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
15 manner. A container having a volume of 1,000 cm’ and an
opening at its top is provided. A foamed particle sémple
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
20 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
25 to observe their sections through a microscope of 50
magnifications. With respect to each foamed p_article,l a

square range 2 of 2 mm X 2 mm in size was defined in the



nol ded article was aged for 24 hours at 60C and atnospheric pressure. The
di nensi onal stability of the thus-obtained nolded articles were determ ned,
and noreover uniformty 25 of their appearances was observed. The results
are_shown in Table 1. Exanples 8-10, Conparé?ive Exanples 7-9: 20 The
sane base resin as that used in Exanples 1-7 and their corresponding
additives shown in Table 2 were separately nelted and kneaded in a pressure
kneader to prepare respective master batches. The same zinc borate 5 as
that used in Ex&WYH s¥rfape,of the fgamed papsigle lEash iddusitrated dn

bat ches and the_base resin_were bl ended in an extruder in such a_manner
that the contenfigr dhe Addipey4 Fhatintexsected thepsubehangialscenter

correspondi ng content shaown i.n Table 2, thereby obtaining 10 pellets (resin
particles) havi g &R 3‘?58'8&@]\/\@% 3o1°f2t_ﬂﬁ/5 pre pRd Fl'gss?ﬁ'g'l’ﬂi't"?r’l-é"r'-l in
{he above. descr \BeqrBalNECs S CRIBRY B! Lot TR bl NI
charged w.t h.‘i 150%h%efﬁs h@nr%%‘ra&xie(\él %° Wi%hg.ga%gg s%%gg[e’ r\évl%tgeer 2 ?.tnc 'thteo 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):
10 "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

15 ' 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

20 observed are fewér than three among fhe
foamed particles observed.

X +-- With respect to each of the foamed particles
observed, cells observed in the cut surface
vary in size, or those having an average

25 cell diameter sméller than two third of the
average value of the average cell diameters

of the twenty foamed particles observed are



expand the.resin particles under its correspondi ng expansi on conditions
shown in Table 2, thereby obtaining foaned particles (hereinafter referred
to as "primary foamed particles"). After tag t hus- obtai ned primry 20
foaned particles in.each exanple were allo & to stand for .24 hours at
ordinary tenperature and atnospheric pressure, the expansion ratio of the
primary foamed particles was neasured. The results are shown in Table 2.
After its corresponding internal pressure shown in 25 Table 3 was applied
to the primary foaned particPe: fewer |than thxeer gmong ther foamed

at nospheric pressure using pressurized air at ordinary tenperature, the

t hus-treat ed 21 foanmed paP@ P\?&e\ﬁeﬂi’m with steamunder its

Tanl o 3) ‘shoan' {8 TaBAE88S4apRY sERPALA Y RE,eRaga, REELEAS: cosel | 1 her bby
Particl oe’) having 5 MR FEERBRREn € A RS one sERE Gk HORRFOOE
ours at”or denady Cererefel B RmBIE el o FEneRr Tooed pansi on
ratio and aver agg 1¢¢!dnrFad! Horiispdidiy &b 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
10 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:
15 QO -:-+ 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
20 appearance in accordance with the following standard:
| O .- Irregularities are scarcely observed on the |

external appearance of the molded article.

O - Irregularities are observed on the external

appearance of the molded article.



and noreover the uniformty of cells was observed. The results are shown in
Tabte 3. After an internal pressure of 1.4 kgf/cnferr]G was applied to the
secondary foamed particles after left over 15 for 24 hours under

at npspheric pressure using pressurized air 23R ordi nary tenperature, they
were inmmediately filled into the sane nold as that used in the
above-described Exanples and Conparative Exanples, preheated simlarly and
then heated w th stream-ef—+s—eof A2 Q—p-ess-tH-g—upeR—hDl di ng
shown in Table 3t xpang and nygl f gangd phrtijcl e, fhereby
obtaining a nol ded{aBtjcl gy #fter hined | gl [dedi 3¢ tli ¢l B vgs aged

for 24 hours at 60 Cag&‘dg% e, the |25 | di dens) onal

stability of the I and | morfeover yni flormjty of
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in the foll ow ng manner:

(1) Expansion ratio:

The expansion ratio was
10 Expansion ratio

calrul ated in accordance with the foll ow ng equation
True density (g/cnB) of base resin/ Bulk density (g/cnierr]) of foaned
the foamed particles in each

particles.

I nci dental ly,

the bul k density. 046

exanple is determned in the follow ng 15 nmanner.
vol unme of 1,000 cniferr] and an opening at
particle sanple is filled into the container to renove foaned particle
portions beyond the opening of the container,

conform ng the bul k height of the foamed 20 particle sanple to the opening
of the container. The meight (g) of the foaned
at this tine

Twenty foaneq

cont ai ner
di anet er:

t heir sections through

each foaned particle,

in the

23
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havi ng a

its top is provided. A foaned

t hereby substantially

foaming
agent
(parts by

Amount of

welght)

I's dlall dad by [1,0Q0 cijerq]. (4) Avefage
par t s werle ct aff their cdnters
ope df 5q magnificatidns. W
'quu% ange |2 off 2 ym x|2 mm}i n si ke was
™~ oN b~ | ] D} ~
g a - | 8]~ ~ o N
§%
E =
:E éi% wl|laol|lol| o = o
. ~N N (/] m b ~N
é ~
gaﬁ@
§ g mfeflml e fw | n
% o~ -l d] 0 (=3 o ~
85 |8|8|8] 5|3 |8&
= .
8
O- o (=] (=] in in
wf|e|~}] © © -

m. 8

Ex. 9

Ex.

Comp.

Ex. 7

THEHEEIEAE

5

» B :

§ - (8lslelslz|s
813 8

g THHBIE
THHLHLHE

Camp.
Ex.

Ex. 9

Comp.

article sanple within the

el |

25 t ¢ observe
th re¢spect to

defined



out surface of the foaned particle 1 as illustrated in Fig. 1. Aline 4
that intersected the substantial center of an optional side 3 of the square
and was perpendicular to the side 3 was drawn to count the nunber N
(rmenpbranes) 5 of cell nmenbranes 5 within t 7square range 2 in the cut
surface, which were crossed by this |line 4, thereby cal culating the average
cell dianeter in the cut surface of the foanmed particle in accordance with

the foll owi ng equation (3): 10 Aver.age cell diameter = 2000/ (N + 1)
¥ ok ok ox x (3) (3) Uniformty of cells: The uniformty of cells in each
foamed particle sanple was evaLuat dinthe followng standard: O... Wth
respect to each of-|the fpa p rt|cIe§ 15 bbseryed, cells
observed in the cutf surf ce ifttlg injsize, and t hosp having an

aver age cel | dianeter S t an tAy ! tphe laver apeyvafue of the
average cell dianefe t y&?c a@ecdga)t tl%d 0 X :

observed are fewer t n thg fognmed{partijcl es pbseryed. X
Wth respect to ea( f aﬁe pardicles olpservdgd, cells observed in
n
th

the cut surface vapy |ze t fose {haviing &n avdgrage pRo
h|rd off th¢ avérage jval ue| of tﬁe aver age
g.

cell dianeter snalﬁer
cell dianmeters
Oj1O0|O0| O | x| X

Dnmmsi

(kgf/cn’G) | sﬁﬂﬁlity

2.8
2.6
2.6
3.0
2.6
2.8

Steam
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mo.

Uniform-
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diameter
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240
260
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280
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of the twenty foanmed particles observed are 24 not fewer than three
among the foanmed particles observed. (4) D nensional stability of nol ded
article: Wth respect to 4 sides of one surface of surfaces 5 of each
nol.ded article sanple aged at 60[err]C for 2B day, said surfaces
corresponding to the nold inside dinensions (300 nmx 300 nm, the |engths
of lines connecting mddle points of opposite sides were separately
nmeasured to calculate their _average length A (nm, thereby 10 determ ning
a shrinkage fact¥PUSFRIA %%?B%@A&Tﬂﬂe by substituting this value in the
foll ow ng equation (g%: Shri nk %g factor é%%_: [ (300 -. A)/300] x 100 ***
(4) The dimensional st ¥ PAHACIRS R Fhe PALyplketdm RsHY i n

accordance with the follow ng standard: 15 O ... The shrinkage
factor is | ower2$FERABRG k% 1_91_1_e_ W%#i%‘k‘éﬁ%t*%tr&"? a fRatuge thatn

2T oS o0 Bl BRO SRRSO PSR L8 ol B ASG el
| rrequl ar it Pee ety i WS bt g i1 SIS ht VI S 20k
‘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
10 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;



ext ernal appearance of the nolded article. O Irregularities are
observed on the external appearance of the nolded article. [err]

25 [err[[[[I 26 [err] 27 [err] 28 | NDUSTRI AL APPLI CABI LI TY The
foaned particles of the polyolefin resin ag@or di ng t o—the—present—imnventi on

‘have a feature that the expansion ratio is high, and t j _ are
. A A

CLAIMS

1. Foamed parficles comprising a polyolefin resiﬁ

as a base resin, wherein the base resin contains a metal
5 salt (excluding any alkali metal salt) of boric.acid.

2. The foamed particles according to Claim 1,

. wherein the content of the -metal salt of boric acid in
the base resin is 50-50,000 ppm. |

3. The foamed particles according to Ciaim 1,

10 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 :esin
contains zinc boraté in a proportion of 50-50,000 ppm.

15 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
20 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

25 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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5 uniform and are useful as nol ding naterials for pLodugLng_nDLded————
artd cl es of foaned particles, which are excellent in dinensional stab

and good in appearance. The production process of foim“ ﬁi' I I“ﬁ “llll
according to the present invention pernits 3%e easy

foamed particles of a polyolefin resin, which have a hlgh expansi on ratlo

by nmeans of, for exanple exi sting production equi pments such as autocl aves

and extruders. ALMS 1. Foanmed particles conprising a polyolefin:
resin as a base P%sfﬂamﬁﬁePEFﬁiFﬁﬁsbﬁgethﬁspﬁlzﬁﬁﬁﬁ RsTasiBt a¥herein: the

(excl udi ng any alﬁ?i aE 8r|c acid. 2. The foaned particles

according to O s r@Fn cBﬁ niSoFiRfebaEaLe QEIPaSFeBBPWC aci d
in the base resjin_is 50-50, 000 ppn1 3. The foaned particles according to

Caim1, 10 wh2PE? ﬁ ©the netal salt of boric acid is zinc borate or

Tasin a5 a bace resi rb- whBILHLIIRP T REHREY el B 5 SRanie

proportion Sf 59héof99833pﬂkrticles 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
10 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,
15 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 fhe vessel to expand the

'resin particles, thereby obtaining foamed particles.



)

15 5. A process for producing foaned particles of a polyolefin
regin, which conprises adding a netal salt (excluding any al kali netal

salt) of boric acid to a raw resin conposed of a polyolefin resin, adding a
foam ng agent to the raw resin containing tHe netal salt of boric 20 acid,
and heating the resultant mixture to obtain foaned resin particles. 6. The
process according to Caim.5 for producing the foanmed particles of the

pol yol efin resin, wherein the netal salt of boric acid is added to the raw
resin in 25 such a nmanner that the contABRTRHCT he netal salt of boric acid
in the raw resin anounts to 50-50,000 ppm 7. The process according to
Claim5 for producing 30 the foaned particles of the polyolefin resin,

wher ei h I I f ' id i ' b ' b . 8.
The process accor di ndeh ohhi 4 SEFEPASA R, oREaE remnefl BRF HLFLOR| o5 of
th 1 yol ef i | ' | ' ' d t he, f '

oot & A pr dEEky oF 1 b eRan P Eohe fad ine RS mPSmRG IO REr i
whi ch conpr S ese QUL A% APE 81 &k e % "Bo o 28k in (I KY e A0Vn4L “Bbln g &

salt) of boric

problem that foamed particles uneven in cell dliameter are
produced. Any molded article produced with such foamed
particles has involved a drawback that it is poor in
dimensional stability,.and its surface profile becomes

10 uneven. -

The invention_relatés to foamed particles
comprising a polyolefin resin as a base résin, wherein
the base resin cbntains a metai salt (excluding alkali
metal salts) of boric acid in such a manner that the

15 content of the metal salt of boric acid in the raw resin
amounts to 50-50,000 ppm. Zinc borate, magnesium borate
or the like is used as the metal salt of bofic acid.

The foamed particles are obtained by using a
polyolefin resin containing the metal salt of boric acid

20 to prepare resin particles, dispersing the resin
particles in a dispersion medium in a closed vessel and
at the same time impregnating the resin particles with a
foaming agént, holding the resiy particles in a heated
and pressurized atmosphere, and then releasing the resin

25 particles together with the dispersion medium into an

atmosphere of a pressure lower than the internal pressure.

of the vesSel to ekpand the resin particles.



10 acid to and.with-a raw resin conposed of a polyolefin resin to prepare
resin particles-containing the nmetal salt of boric acid, dispersing the"
resin particles in a dispersion nmediumin a closed vessel and at the sane
tijre inpregnating the resin particles with a foamng agent, 15 holding the
~resin particles in a heated and pressurized atnosphere, and then rel easing
the resin particles fromthe closed vessel into an atnobsphere of a pressure
| ower than the internal pressure of thi&@kssel to expand the resin

- particles, thereby obtaining foanmed particles.
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