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1 - TITLE OF THE ‘| NVENTI ON: MVETHOD ANDSRM
APPARATUS FOR PRODUCI NG : EXPANSI ON- MOLDED ARTI CLE

5 BACKGROUND OF THE | NVENTI ON Field of the Invention: The
present invention relates to nethods and apparatus for producing «
expansi on-nol ded articl es. Descri ptlion of the Background Art: 10

As a process for nolding foaned particles of a pol yolefin resin, there
has heret of ore been UBEELBPY EHE INVENDBE@Ns in which the foaned particles
are filled into a nol d and heated with steamto secondarily expand the
f oamed particles, ther ebyMERHQRIAND {ARRARATEh R RRRBNCHENG (such a nol di ng
process will hereinafter be referred to as "batch type nol di ng
process"). On the other hand, F¥PANSIONMOLDED ARTYFed particles of a

pol ystyrene resin, there is also used a process in which the foaned

particles are caused to pass through a heating region by 20 holding them
bet ween bel ts | on._u r r sides to convey them
t hereby c tiﬁgggéhgﬁﬂBlg?ngﬁghgﬁpngggﬁsuch a process will hereinafter be

referred to a p tiguo |.di ng process”). The process described in
Japanese Pateﬁ?eﬁﬂbPFcgﬁ?ogﬂﬁgatg§§4/1977, in which a

The present invention relates to methods and
apparatus for producing expansion-molded articles.
Description of the Background Art:

10 As a process for molding foamed particlés of a
polyolefin resin, there has heretofore been used only a
process in which the foamed particles are filled into a
mold and heated with steam to secondarily expand the
foamed particles, thereby mutually fusion-bonding them

15 (such a moldirg process'Wiil hereinafter be referred to
as "batch type molding process"). On the other hand, in
the case of foamed particles of a pqustyrene resin,
there is also used a process in which the foamed
particles are caused to pass through a'heatinélregion by

20 holding them between belts provided on upper and lower
sides to convey them, thereby continuously molding them
(such a process will hereinafter be referred to as
"continuous molding process”). The process described in
Japanese Patent Publication No. 2424/1977, in which a

25 steam heating method is used, the process described in
Japanese Patent Publication No. 1632/1966, in which a

high-frequency heating method is used, the process



:25 steam heating nethod is used, the process described in Japanese
Pat ent Publication No. 1632/1966, in which a hi gh- frequency heating
nmet hod i s used, the process 2
descri bed in Japanese Patent Publication No. 42621/1972, in which.a
hot-air heating nethod is used, and the Rike have been known. The
conti nuous nol di ng process has the advant ages of permtting the

conti nuous production of 5 nol ded articles fromfoanmed particles and the
provi si on descmbdadiar taphaesef PatshtnPabiitabgbh NonpdRréd1vilLir 2t he
batch type nol di ng process. However, such a high-frequency
heati ng nmet hodimswhich debotibitd heatipgnmethfdt ést uBeldl.i eadi theNdike
1632/1966 10 involves a problemthat it requires a | arge and expensive
appar at us and bapesbéeen| knownhatThe gdmtingows meddirg procegpopas the

hi gh-frequency heating, and is unsuitable for use as a heating neans
for foamed par@af¥pptagesaofopgrmitting ther eephinupushpreductdonegfed wit h
a heating tenperature 15 range controlled narrow. Such a hot-air heating
met hod 5 asmadded; gEhichegaframsEopmednparabries: Asd be provigign)/ 1972

Is also hard to_control the_ heatin tenperature, is difficult to
evenly heat thefiBahdad artlﬁé?ﬁiege§°BE&§ngstﬁ@nﬂEQtc@EBéEP?yW&thGPeair

i's smaller batch type molding process.

However, such a high-frequency heating method as
described in Japanese Patent Publication No. 1632/1966
10 involves a problem that it requires a large and expensive
apparatus and a possibility that sparks may be emitted
upon high-frequency heating, and is unsuitable for use as
a heating means for foamed particles of a polyolefin
resin, which must be heated with a heating temperature
15 range controlled narrow. Such a hot-air heating method
as described in Japanese Patent Publication No.
42621/1972 is also hard to control the heating
temperature, is difficult to evenly heat the foamed
particles because the heat capacity of hot air is smaller
20 than steam, and is hence also unsuitable for use as a
heating means for continudusly molding the foamed
particles of the polyolefin resin.
On the other hand, the steam heating method is a
method useful even for the foamed particles of the
25 polyolefin resin. However, an attempt to mold the foamed
particles of the polyolefin resin by the continuous

molding process using such steam heating as described in



20 than steam and is hence also unsuitable for use as a heati ng means
for continuously nolding the foaned particles of the polyolefin resin.
On the other hand, the steam heating nethod is a met hod useful even
for the foamed particles of the 25 polyolefin resin. However, an attenpt
to nmold the foaned particles of the3olyolefin resin by the continuous
nol di ng process using such steam heating as described in

3 Japanese Patent Publication No. 2424/1977 has invol ved such
probl ens that shapamefser Fadznitn@ubid chddiond Noar 242494977 has| dakvelweid on t he
feeding side of the foaned particles to cause failures in fusion
bondi ng anong tSWehi paebd.emss thatt steam fod heatdogndiey foapeads par tdiclidse

f oanmed particles due to insufficient heating, and that when the

| eakage of t he 1ee&&mOMdc ORedhgr £gedingt sddrogfedhe foamed pagttdsliesd toone
to fl ow backward on the feeding side. - The reason for this is

consi dered to K8Uge: FAddunese i, fysion benddipge ABONG, thec Spgmed

expandability between the foaned articles of the polystyrene resin
and the fo dpaf%icaéﬁtPepeénoﬁepﬁédﬁ y&FPPPﬁlpésPﬁ.tBGr€°§E§§|f|cally,

the foanmed particles. of the pol ystyrene.resip undergo secondar
expansi on at apngifﬁﬁglguFo%ptéHﬁéfgfﬁFSH Reatlng, and that when the

leakage of the steam becomes greater, the foamed
particles fed come to flow backward on the feeding side.
The reason for this is considered to be attributable to a

10 difference in secondary expandability between the foamed
particles of the polystyrene resin and the foamed
particles of the polyolefin resin. More specifically,
the foamed particles of the polystyrene resin undergo
secondary expansion at a relatively low temperature

15 (generally, 100°C or lower) because the polystyrene resin
is noncrystalline and has good retention of a foaming
agent used in the preparation of the foamed particles,
and so the foamed particles contain about seﬁeral percent
of the féaming agent. Therefore, when the foamed

20 particles of the polystyrene resin are continuously
molded, the fact that the foamed particles gently undergo
secondary expansion before they reach a heating region,
and so interparticle spaces are closed, and the fact that
the foamed particles of the polystyrene resin can be

25 molded with steam of pressure as relatively low as about
1.0 kg/cm’G can between them easily prevent the steam

from leaking out on the feeding side of the foamed



15 (generally, 100[err]C or |ower) because the polystyrene resin S
noncrystal | i ne and has good.retention of a foam ng agent used in the
preparation of the foaned particles, and so the foaned particles
contai n about several percent of the foami ng agent. Therefore, when
the foaned 20 particles of the polystyftene resin are continuously

nol ded, the fact that the foanmed particles gently undergo secondary
expansion before they reach a heating region, and so interparticle
spaces are cl opegtiéndst hert ad ddmiequentithecdmaimbsrghrthat esebfabhe

pol ystyrene resin can be 25 nolded with steam of pressure as relatively
| ow as about moldin§ kgéomesrféasihbhebet ween them easily prevent the steam
from |l eaking out on the feeding side of the foaned

4 particles. |Onitheontkepdrang, ctneipelyolefite resinbis mol di ng
becones feasible. On the other hand, the polyolefin resinis
crystalline, apuystébhineg apdne feaming agenprepedainokhe preparp&ipBaned
particles thereof escapes out of the particles in a relatlvely short
peri od of i neof the ﬁﬁém@ﬂopértiﬁ1%$dEheFﬁogeéﬁﬁGE?ﬁl9“Exﬁ§n8 Bhe f oaned
particles of the olyolefin resin, it_is necessary to heat the foaned
particles at E%% s uin ﬁlﬁﬁ%@t¥ﬁ%%Y short period of time.

Therefore, in order to secondarily expand the foamed
particles of the polyolefin resin, it is necessary to
heat the foamed'particles at a temperature higher than

10 the case of the foamed particles of the polystyréné resin..
It is thus not easy to secondarily expand the foamed
particles of the polyolefin resin to such an extent that
the leakage of the steam can be prevented before they
reach the heating region. In addition, the secondary

15 expansion of the foamed particles of the polyolefin resin-
requires to feed high-pressure steam. It is therefore
considered that even if the foamed particles of the
polyoclefin resin could be secondarily expanded to some
extent, it was difficult to prevent the leakage of the

20 high-pressure steam by only the secoﬁdary expandability
of the foamed particles. As described above, the leakage
of the heating steam tends to oftener occur in the case
of the foamed particles of the polyolefin resin, which
require steam of pressure higher than the case of the

25 foamed particles of the polystyrene resin in order to
provide a satisfactory molded article by secondarily

expanding the foamed particles to mutually fusion-bond



10 the case of the foamed particles of the polystyrene resin. It is

thus not easy to secondarily expand the foaned particles of the

pol yolefin resin to such an extent that t he | eakage of the steam can
be prevented before they reach the heating region. In addition, the
secondary 15 expansion of the foaned particles of the polyolefin resin
requires to feed high-pressure steam It is therefore consi dered t hat
even if the foanmed particles of the pol yol efin resin could be

secondari |y exthkened Conssmvently, suanta prnoagss digd ilwalyes prevent the

| eakage of the 20 high-pressure steamby only the secondary expandability
of the foaned pE@blemcthahnsnetserlycthenpiessure pEakhgeheatings staam
heating steamtends to oftener occur in the case , . of the foanmed
particles of the lewseeds:thereby, fakling to sufficientiyheat phessure

hi gher than the case of the. 25 f{oaned, particles $f t he Eoé%st rene_resin
in order to foamed\paeticles;and PEPVide avy HeldedabiicleonbyF f)s0

5P Y by R oot parElcles BpRRctd HiSn hodRRRRt.on the FEBALAS: hat

fo sufficl ent | iaeart Fie Foamg8 plee SEFEF cvhen Hho FE0HERe S5 “HBRYed”

article, but Qéféhm becomes greater, resulting in an impossibility of
molding.

With the foregoing problems in view, the present

10 applicant proposed, as processes for continuously molding
foamed particles of a polyolefin resin, (1) a process in
which foamed particles are compressed to a bulk volume of
40-70% on the original bulk volume in a foamed particle-
feeding region and then heated with steam (Japanese .

15 Patent Application No. 289360/1995), and (2) a process in
which foamed particles the internal pressure of which has
been raised are gradually compressed in a foamed
particle-feeding region and then heated with steam
(Japanese Patent Application No. 289361/1995). However,

20 these processes have also still involved the following
problems.

Namely, the process (1) has involved a problem that
since the foamed particles are heated in the state that
they have been compressed to a bulk volume of 40-70% on

25 the original bulk volume, the resulting molded article
comes to have an expanslon ratio greatly lowered compared

with the expansion ratio of the original foamed particles.



5 the foanmed particles cone to flow backward on the feeding si de of
the foamed particles when the | eakage of the st eam becones greater”
resulting in an inpossibility of nol di ng. _ Wth the

foregoing problenms in view, the present 10 applicant proposed, as -
processes for continuously nolding oanmed particles of a polyolefin
resin, (1) a process in whi ch foaned particles are conpressed to a

| k I f o th | |naI in_a foa
t|;:1rt i \é?etme ° f eedi ??g‘ chxg‘l’ gt hgﬁght dg (l# t fféﬁ?ﬁ:ﬁgg)hlf |
Pat ent lica 8 %%%& a r iCc oame
pgr'?l cl :\gpt he fﬂr?%gr re%r Z’s%fss%jr € )l\ﬁf!ulf ’1?], (egéé;a"i‘;sg ?’beé‘f:zaﬁzlroal seci}g;fh gr ad'ltjﬁl |y
conpressed in e W
strergm (Jaggrlsggeﬁ%at g&ld%g;h&?eﬁ%ﬁgnq%o 5@3% P%S\S)&Eﬁ;v\ever
these processeprpéeds?!(39- ﬁd&a‘us‘em(:‘ﬂle"%a‘n%% Egy.tlhﬁ\@l'é% the th%gn%Tfsbarred

Nanmel y, the process (1) has involved a pro

particles age heasetdre oth4hith! Aalshdeen raltslé@’ 1'%aY1%etaee'&nQ‘P'§U ‘?ﬁ:g‘i‘é to a
bul k vol ume of 40-70% on- 25 the original bulk volume, the resulting

nol ded articl epossiblen®d iconftdivd aheSXRALTABN Ah exPapdiibn HAMBIELGE
conpar ed with the expansion ratio of the original foanmed particles.
6 the molded article compared with the expansion ratio of

the original foamed particles to substantially the .same
degree as that of the molded article obtained by the

10 Dbatch type molding process. However, the process (2)
requires to apply an internal pressure considerably
higher than the batch type molding process to foamed
particles. When the foamed particles to which such a
high internal;pressure has been applied are used, it

15 takes a longer time to cool the resulting molded article.
In the continuous molding process, it therefore involves
a problem that a line speed in molding must be slowed
down, and so productivity is lowered. Further, in order
to apply a high internal pressure to the foamed particles,

20 it is necessary to subject the foamed particles to a
pressurizing treatment for a long period of time in a
high-pressure tank. This also has formed the factor of

reduction in productivity.

25 SUMMARY OF THE INVENTION
The present invention has been completed in view of

the foregoing circumstances, and has as its object the



On the other hand, according to the process (2), t he degree of
reduction in expansion ratio of the resulting nolded article is
smal l er than that of the process (1) because the foaned particles the
i nt er nal 5 pressure of which has been raised is used, and so it is -
possible to control the reduction in expgnsion ratio of  the nol ded
article conpared with the expansion ratio of thﬁ orlglnﬁl fo?geg
articles to s Jdal eqr.ee t hat .Lhe nol de
grt i cl e obtai ng%%btvé%tgﬁg %Oh%gpéﬁgffﬁlg r?&p%‘l]%&uﬁr %Sé)gsg.r &, the

process (2) cupafSN-52148aRRY ABY Ny Yals ol 935 Wh AU lding

hi gher than the tch type nolding procéss-t

the foaned pargeclrdamed Yrtlciksho a Poly'@l@'fﬂn“&%rﬂ?{{e%%sﬁérﬁé@%ﬁ)een

applied are used, it 15 takes a longer trme to cool t resul ting nol ded
article. e dule 168Nt hNd@pansRbil FatRb0eES the relshAtahYy fo1aed ves
a problemthat a |line speed in nolding nust be sl owed down, and so

productivity i artaetecdompairbdeiithn thedekpansionO raRlloy o fhgh &ﬂtﬁxﬁ’ﬂl‘
pressure to the foamed particles, 20 it Is necessary to subject the _
foaned parti cl €samedaparticheesedhi benfiatiecsnadl! withoat! @pPIlRahigoa of tine

in a hi gh-pressure tank. This also has forned the factor of
reduction in phdgbctinterpal pra@SsuSeMBRYheFfobmedNgaitlicles, and at The
present invention has been conpleted in view of t he foregoing

ci rcunst ances, thadshame &fimet thebfime rkguired to cool the molded
article can be shortened, so that the line speed in the
10 molding can be increased to improve productivity.
According to the present invention, there is thus
provided a method for continuously producing an
expansion-molded article, ﬁhich comprises feeding foamed
particles between a belt continuoﬁsly traveling along the
15 upper surface within a passageway defined by structural
members and having a rectangular form in section and a
belt continuously traveling along the lower surface
within the passageway, and then causing the foamed
particles to successively pass through a super heated
20 steam-feeding region and a cooling region within the
passageway, characterized in that the foamed particles
used are foamed particles of a polyolefin resin, in which
a recovery factor from compression defined by the
following equation (1):
25 Recovery factor from compression (%) = V,/V, x 100 {1)
wherein V; is the original bulk volume of the foamed

particles, and V, is a bulk volume of the foamed



7 provi sion of nmethods and apparatus for producing

expansi on-nol ded articles, by which in continuous molding ~of foaned
particles of a polyolefin resin, the degree of ~reduction in expansion
ratio of the resulting nol ded S article conpared with the expansion ratio
of the original foamed particles can be made small w thout applying a
hi gh internal pressure to the foaned particles, and at the sane tine

[ | h
that the |ine DASEL81E87ReblisaR AE0n elapsBl' kg §8Ca0; sRiRpHE At eeR”
productivity. sp foamed ﬁﬁﬁ?igi g Egetggmﬁ£ggggﬁ kgvgnghgﬂ_ ﬁ&ﬁgﬁd % t hus

provided a netho con nuous y prod expansi

article, whi Chsé@”Bﬁ' €R8 5£gind: 1 B3TRIvolumePaLhACLAS E%ﬁ%@esi&e”

continuously traveling along™t upper sar ace Wt passageway
defined by stristyéals then”féﬁ@ﬁédanﬂshéf'ﬂgaétr56¥anﬂﬂha%aiﬁr?bhﬂeaeCt'On
and a belt continuously traveling along the [owér surface W th

the passag@iaypadtficl8€nasalsirafisF8PréQaEBAthe supdft heheaat @tagmeessi vely
pass through a super heated 20 steamfeeding region and a cooling region

Wi thin the fe@@ﬁﬁgg@@gﬂoncaﬂtéﬁteneZEGamédtﬁait18£e§0358dc8ﬁbké§bea

used are foaned particles of a polyolefin resin, in whi a recovery

factor from coomprtissiopstivéameslidly dHethe super heated steam-feedlng
region, and then released from a part or the whole of the
compression.

10 According to the present invention, there is also
provided an apparatus for continuously producing an
expansion-molded article by feeding foamed particles
between a belt continuously traveling along the upper
surface withip a passageway defined by structural members

15 and having a rectangular form in section and a belt
continuously traveling along the lower surface within the
passageWay, and then causing the foamed particles to
successively pass through a super heated steam-feeding
region and a cooling region within the passageway,

20 characterized in that a compressing means for compressing
the foamed particles and a compression-releasing means
for removing a part or the whole of the compression are
provided within the passageway on the upstream side of
the super heated steam-feeding region.

25 The above and other objects, features and

advantages of the present invention will be readily

appreciated as the same becomes better understood from



follow ng equation (1): 25 Recovery factor fromconpression (% =

V[err]/V[err] x 100 (D) wherein V[err] is the original bulk vol unme
of the foaned particles, and V[err] is a bulk volune of the foaned

8 particles nmeasured upon el apsed_tine of 10 seconds after - the
foamed particles are conpressed to a bul R vol ume of 60% on t he
original bulk volune, and the conpressive force is then renoved, is

at least 80% apgd ﬁec}e : ‘émb_oﬁi%?ittisc b®S AL ph@BRiteinedntd dn1® wHRE

heat ed st eam eeding region arter the toaned particles are

conpr essed wild" e @esslibeamsubieqiibnithy InPakthsal 6d thi sapcheadidd

region, and then released froma part ‘or thée whole of the

conpression. % the accotapRh§ing Wali@gs’canal £rdwetheoappehded i s al so
provi ded an apparatus for continuously producing an expansi on- nol ded

article by feedillagmsqQaned particles between a belt continuously

travel ing al ong the upper surface within a passageway defined by
structural %enbers 15 and having a rectangular formin section and a belt
continuously traveling along the | ower surface within the passageway,
and t hen causi BRIEKe DESCRIPTION: OF FEHEt DRAWINGSuccessi vel y pass through a
super heated steamfeeding

Fig. 1 is a schematic drawing of a molding
apparatus illustrating an embodiment of a method
according to the present invention.

10 . Fig. 2 is a cross-sectional view of principal parts
illustrating an embodiment of a method for conducting
compression of foamed particles and release from the
compression.

Fig. 3 is a crossfsectional view of principal parts

15 illustrating.;nother eﬁﬁodiment of a method for
conducting compression of foamed particles and release
from the compression.

Fig. 4 is a cross-sectional view of principal parts
illustrating a further embodiment of a method for

20 conducting compression of foamed particles and release
from the compression.

Fig. 5 is a cross-sectional view of principal parts
illustrating a still further embodiment of a method for
conducting compression of foamed particles and release

25 from the compression.

Fig. 6 is a cross-sectional view of principal parts

illustrating a yet still further embodiment of a method



region and a cooling region within the passageway, 20 characterized in
that a conpressing neans for conpressing the foanmed particles and a
conpr essi on-rel easi ng nmeans for renoving a part or the whole of the
conpression are provi ded within thgygassagemay on the upstream side of
t he super heated steamfeedi ng region. The above and ot her

obj ects, features and advant ages of the present invention wll be

di | t from
62U e pr EPE;BbHbERLAGo] BEmpRgEsTBRC R cUBhil puIETCYed R will

be described syh$gqEeNErY¥m PhECEBnbrdkkhohef erence to the acconpanying
drawi ngs, and fronlthe apgended br cl a?ns 5 BRI EF DESCRI PTI ON OF

THE DRAW NGS g. 0islal 8r8s8ch8BRibAal" ¥1eRJoef pfifRiphAdp
appar at us |IIustrat|ng an enbodi nent of a met hod according to't

present inventidhust8ting angEtgstillsfﬁr%hﬁiseﬁsﬁhhﬂaﬁk BiEeW ﬁbtﬁbﬂﬂc'pm
parts I llustrating an enbodi nent of a nmethod for conducting

conpr essi ors of £bpacerdpetingl esmppdssebnase Eoafielhparticlegnana@ssi on.
Flg 3 is a cross-sectional view of principal parts
release from the compre551on.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The resin which forms the foamed particles useful

10 in the practice of the present invention is a polyolefin
resin, which is composed of a homopolymer of an ¢ -olefin
component such as ethylene, propylene or l-butene, a
copolymer containing at least 50 wt.% of such an -
olefin component or a mixture of at least two of these

15 homopolymers and copolymers, or a mixture composed of
such a polyolefin resin and any other resin than the
polyolefin resin and/or a synthetic rubber and comprising
at least 50 wt.%¥ of the @-olefin component. The resins
are used as uncrosslinked or in a crosslinked state.

20 The foamed particles of the polyolefin resin used
in the present invention are preferably those having a
bulk density of 0.09-0.006 g/cm® or those formed of an
uncrosslinked polypropylene resin or uncrosslinked
polyethylene resin as a base resin and having two

25 endothermic peaks on a DSC curve obtained by their
differential scanning calorimetry (see Japanese Patent

Publication Nos. 44779/1988 and 39501/1995). The DSC



15 illustrating anot her enbodi nent of a nethod for conducting
conpression of foaned particles and rel ease fromthe conpression.

Fig. 4 is a cross-sectional view of principal parts illustrating a
further embodi ment of a method for 20 conducting conpression of foanmed
particles and rel ease from the conprlessi on. Fig. 5is a
cross-sectional view of principal parts illustrating a still further
enbodi mrent of a nethod for conduct i ng _conpressi on_of foaned particles

and rel ease 25YVENMERES:EnPPEsSPENe obtained whep 0.5-Asmg of a

- ' ' i QCi r i_.llustrating.a yet stil
?L?fﬁefeghgggﬁ%gﬁbg 8%rﬁé#ﬂ%hgghpgg &% heated from roomgtem erature %g

) . . | ; h
conpresst on. | 228%" &€ a Hedteng ate NSE I Elimn b ?ean%g%?pg‘ ;tt 3
i i . a or u
Conbr eoe onof ALBkeskh el VEbAgh R°8d1 BRRheRby s BhRHre "y T mig o1

DETAI LED D@§CRk8gg§§e IﬁglgEEEEBEEEUFyBQRlNﬁé@§sslinked pol}B§o£§igﬂe

whi ch fornms the particles use
resin or uncrosslinked polyethylene resin as a base resin

and having two endothermic peaks on the DSC curve thereof
have an effect of providing a molded article having
excellent surface smoothness, dimensional stability and

10 mechanical strength compared with those not having two
endothermic peaks on the DSC curve thereof.

Incidentally, the polypropylene resin means a resin,
which is compésed of a propylene homopolymer, a copolymer
containing at leasi 50 wt.% of a propylene component or a

15 mixture of at least two of these homopolymers and
copolymers, or a mixture composed of such a polypropylene -
resin and any other resin than the polypropylene resin .
and/or a synthetic rubber and comprising at least 50 wt.$%
of the propylene component. The polyethylene resin means

20 a resin, which is composed of an ethylene homopolymer, a
copolymer containing at least 50 wt.% of an ethylene
component or a mixture of at least two of these
homopolymers and copolymers, or a mixture composed of
such a polyethylene resin and any other resin than the

25 polyethylene resin and/or a synthetic rubber and .

comprising at least 50 wt.% of the ethylene component.



10 in the practice of the present invention is a polyolefin resin,
whi ch is conposed of a honopol yner of an a -olefin _conponent such as
et hyl ene, propylene or 1-butene, a copol ymer containing at |east 50
w . % of such an a- ol efin conponent or a mxture of at |east two of
these 15 honopol yners and copol yners, &2 a mxture conposed of ~such
a polyolefin resin and any other resin than the pol yolefin resin

and/ or a synthetic rubber and conprising . at | east 50 wt.% of the

a-ol efin conponent. ¥Reth@spresent ipvengien.adtuisr DeSEEIREY ¢0 Usea
crosslinked state. e foaned particles of the polyolefin resin

used in tA8 ﬁpgggﬁﬁmPﬂvBﬁggéﬁléerpF PeP&BN?lﬁﬁé§erW§@Pngﬁ&Oﬁé ifbglk

ol ypr opyl cne. FESFR B P6REVBEY] FAREAT EEOm GOUBEAPRANR FEDPSLS B Ie

their a1 EleckBrAPRang RARERARR (Rhat 1y (see Japanese Patent -

b 2 9% NhoghiES HEBR SRS ol 1S s 5.400 0 T

|50 € OTVRRBACTPELEN 8 Sftqtngy BB LSl la? LRA Highkd'

measure it. Thgarticles, and V. is a bulk volume of the foamed
particles measured upon elapsed time of 10 seconds after
the foamed particles are compressed to a bulk volume of

10 60% on the original bulk volume, and the compressive
force is then removed, is at least 80%, preferably at
least 85%.

The foamed'particles of the polyolefin resin used
in the presenF-invention can be prepared by, for example,

15 a process in which particles of a polyolefin resin and a
foaming agent are dispersed in water in a closed vessel,
the resultant dispersion is heated to a témperature not
lower than the softening point of the resin particles to
impregnate.the resin particles with the foaming agent,

20 and the resin particles and water are then released into
an atmosphere of a pressure lower than the internal
pressure of the vessel, thereby expanding the resin
particles. In order to impart such a high recovery
factor from compression of at least 80% as described

25 above to the foamed particles of the polyolefin resin, it

is most important to enhance the closed cell content in

the foamed particles. The foamed particles having a high



5 foanmed particles formed of an uncrosslinked pol ypropyl ene resin or

uncrossl i nked pol yet hyl ene resin as a base resin and having two
endot herm ¢ peaks on the DSC curve thereof have an effect of

provi ding a nol ded article having excel | ent surface snoot hness, .
di mensi onal stability and 10 mechani cal3strength conpared with those not
havi ng two endot herm ¢ peaks on the DSC curve thereof.

i d 1y, I whi ch i s conposed
of 2 Sr”légw Zne%ﬁ%ﬁt iy CoBtepi P Sast :Zi@wgdﬁw o9 50w %o
m_x
ﬁo%ggryﬁgsscgndg&%&e ggp #31? r&slig RARtHCA 80 RS0 254 t& f[&fghefgamed
pol ypropyl ene artlEQ%'nhQQQ an*wgtg ot%%FHFEh§%a§gFﬁﬁpéyQﬁﬁP¥Jene resin

and/ or a synth i'crubber and conprising ai

propyl ene COWDQB%%ofTQ% aels ??.'B\éhe@l%o%s' NadREy r.ZQhe @Sﬁmgng a{)&h s

conposed of an ethyl ene honDp ymer copolymer | east

50 Wt % Of $in BbiARA by oth@FPRRERbAY. Arfl ’Eﬂé’rﬁrtg%eﬁ{: iﬁ@éﬁﬁwﬂ Of ¢t hese
honopol ymers and copol yneérs, or a m xture conposed

pol yet hyl ene r g hodddedNprofReanlasito waan the fodmedd Pa¥elities fia Rrﬁ%.gn
and/ or a synthetic rubber and conprising at |east 50 wt.% of t

et hyl ene conpomehtigh closed cell cortent formed so as to have2two

endothermic peaks on a DSC curve thereof. The bulk
density of the foamed particles and the kind of the base

10 resin of the foamed particles are important second to the
closed cell content as factors for imparting a high
recovery factor from compression to the foamed particles.
In order tolimpart the high recovery factor from
compression, }t is preferable to control the bulk density

15 of the foamed particles to 0.09-0.006 g/cm® and to select
a polypropylene resin or polyethylene resin as the base
resin. Incidentally, the kind of a foaming agent used
and a foaming temperature may be mentioned as other
factors which may slightly affect the recovery factor

20 from compression of the foamed particles.

The foamed particles of the polyolefin resin, which
are used as a raw material in the method of the present
invention, may be those to which an internal pressure
higher than the atmospheric pressure has been applied by

25 subjecting them to a pressurizing treatment with air or
the like. However, foamed particles of a polyolefin

resin, which have an internal pressure substantially



-In the present invention, it is necessary to use, as the foaned
particle of the polyolefin resin, those in whi ch a recovery factor
from conpression represented by the foll owi ng equation (1): 5
Recovery factor from conpression (% Vlerr]/V[err] x 100 (1) A
wherein V[err] is the original bulk voI& of the foaned particles,
and V[err] is a bulk volunme of the foaned particles neasured upon

el apsed tine of 10 seconds after the foamed particles are conpressed
to a bul k vol @e@adi tol(FhesEUmasRleris RResauIA mayolalRd, banaseek 10

conpr essi ve force is then renoved, is at |east 80% preferably at

| east 85% the methof©f M’fﬁad’r&ﬁqqtclié?e(ﬁtjt% pEPyﬁpéf Pﬂsﬁeypﬁrﬁsed
in the present invention can epared b for exa rocess in
whi ch parti cl ddfoamsd ‘ﬁ' éﬁ%ﬁa %:n é’i\"“%’rgl

ﬂ;:ggéng gnt ter in a cIo ed vesé&t %ﬁ“%?the ées§l aﬁ} dl%ﬁqﬁ%#gnh;s
t I { J te t th

Lgent. o0 Caiping A RO oAy e 23 e S Hebrioqopn Efe"

an at mospher eoci:fhei' rﬁ gx vﬁ'héno%{e %%e@% %G C l%@ av1n a%si‘ﬁrt%rq{ t he

vessel , thereby expan e resin n order to inpart such

a high recover qﬁgﬁ dﬂ%%?h d bed
25 above to esfs(l)lgr?fe part | g'lllreascl% po ygﬁf efin resi ng:q'lé)%ﬁ: | s nost
i mportant to eplednsed,hend %i@i; Qﬁ' ltHeOpr@dsurizing tiddRdtheaeddrarticles.

The foamed particles having a high
applying the internal pressure to the particles and the

10 equipment therefor become useless. As a result, it is
possible to reduce production cost to a great extent. No
particular limitation is imposed on the weight of each of
the foamed particles used. However, those having an
average partigle weight_of about 0.5-5 mg are generally

15  used. .

Fig. 1 illustrates an exemplary molding apparatus
-used for practicing the method for continuously molding
the foamed particles of the polyolefin resin according to
the present invention. In Fig. 1, reference characters A,

20 B, C and S designate a foamed particle-feeding region, a
molded article-cooling region, a passageway through which
the foamed particles and molded article are transferred,
and a super heated steam-feeding region, respectively.
The molding apparatus includes a hopper 1 in which the

25 foamed particles are stored, an endless belt 3 traveling
between upper rolls 2a and 2b, and an endless belt 5

traveling between lower rolls 4a and 4b, and is so



-13 cl osed cell content can be easily obtained by, for exanpl e,
expanding resin particles so as to form foaned particles having two
endot herm ¢ peaks on a DSC curve t hereof as descri bed above. However,
they may al so be 5 obtained by other nmethods. In the present inventieon,
It is however preferable to use tB&® foaned particles having a
hi gh cl osed cell content fornmed so as to have two endot herm ¢ peaks
on a DSC curve thereof. The bul k density of the foanmed particles and
the kind of tiromssauctel thad the fapmedpawtinbes dleLfrd S nport ant
second to the cl osed cell content as factors for_inparting a high
recovery fact okrpiidmgrasis &ed &£a dde Fpptinphragiqy A from | the ger to

cont ol the bIaPRRNG (47 1o 1o DABan SRl PAAGRIRE Rt B oRer © ' °
The hase. " angL e i 3 AP ¥, R ied e Jp R by AR " °°
o o AL S AT S Somon, 581 B L™
T S o R SRS i e i e gL uhi et
be those to Wy Al AL MM add W dle. Incidentally, reference
numeral 18 in Fig. 1 indicates a support.
In the molding apparatus according to the present
10 invention, the upper roll 2a and the lower roll 4a are
driven to rotate on their axes, while the upper roll 2b
and the iower roll 4b do.not rotate. Therefore, the
upper belt 3 and the lower belt 5 are constructed so as
-to travel sli@ably on tpe rolls 2b and 4b, respectively.
15 A lubricant such as polyfetrafluoroethylene (Teflon) is
provided on the rolls 2b and 4b at their surfaces with
which the respective belts come into contact, so as to
enhance the slidability of the belts. The upper roll 2b
is so constructed that it can be vertically moved by a
20 moving means (not illustrated) and that the inclination
angle of the upper belt 3 in the foamed particle-feeding
region A can be varied by shifting the position of the
upper roll 2b. Reference numeral 6 indicates an
auxiliary press plate and is so constructed that when the
25 inclination angle of the upper belt 3 is adjusted by
vertically moving the upper roll 2b, the inclination

angle of the auxiliary press plate 6 can be varied



hi gher than the atnospheric pressure has been applied by 25 subjecting
themto a pressurizing treatnent with air or the Iike. However, foamed
particles of a polyolefin resin, which have an internal pressure

substantial ly _ 14 equal to.the
at mospheric pressure, may al so be used if the method of the present
I nvention. In the case where the foanmed particles the interna

FLﬁiZ”res‘)Lav. JofFien et b e b ooy Wit sy genene o e
Substantially B %fa{‘r‘? 3 Phethd hepied el Ete oo dlad Hoton A PIRCSUE, o
the pressuri zi qnax{rg(gerﬁmtfgrsr#amre RO BES LT BE  PS eS5yT gl 0 The

particles and equr pie beco Qul t,

i s POSS b fud 0 BEPLCE BE &g&é n&?aﬁ&‘i’éil%orfé’ngé eac%v%]%&néhe Che foarmed

particular limtation s Inpose e Wel

ticl S e (g ovIeVEY, t i ght of
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exenpl ary ol gifhedppr a@m@ foamedlsg%!rﬁﬁwé aft | Gf nehé o TFS 1€ of OFesin

conti nuously nol di ng foamed particles of the polyolefln resin
according to fed from the hopper 1 can be compressed while they are
being transferred on the downstream side.
_The compressed foamed particles are fed to the
10 passageway C having a space of a substantially
rectangular form in section defined by upper and lower
thickness-regulating plates 7 and 8 and width-regulating
plates (not expressly illustrated) provided over between
their corresppnding sidgs of the thickness-regulating
15 plates 7 and 8. The upper and lower belts 3 and 5 are so
constructed -that they travel with the lower part 3a of
" the upper belt 3 and the upper part 5a of the lower belt
5 coming into contact with the thickness-regulating
plates 7 and 8, respectively, in passageway C. The
20 thickness-regulating plates 7 and 8 and the auxiliary
press plate 6 are composed of a metal plate such as an
aluminum plate, and a lubricant composed of
polytetrafluoroethylene or the like is fixed to their
surfaces, with which the respective belts 3 and 5 come
25 into contact, so as to improve the slidability of the
belts 3 and 5. Incidentally, the present invention is

not limited to the case where the endlessly traveling



t he preséﬁt invention. In Fig. 1, reference characters A, 20 B. Cand S

designate a foaned particle-feeding region, a nol ded articl e-cooling
regi on, a passageway through which the foamed particles and nol ded
article are transferred, and a super_ heated steamfeeding region, .
respectively. The nol di ng appar at u27 ncl udes a hopper 1 in which the
25 foaned particles are stored, an endless belt 3 traveling bet ween
e ol o ab¥1Y s Ry DR BR0588eE 0nY on’ the upbbd’Shd"dover"EThes "

o the T ee g Pdgton AT, Bad Rast B8 bhoBadel®ep. vpehd1ifeRa aifee” '
\ I . t
pass through 1 REen pY BRELese1y pea@The Bent Tl Bt e B R <l oam

to mut ual hytbianog1heRd Ehe Eﬁﬁﬁggegaihhck@§ul%ﬁ§geﬁﬁlgfg'a%Qﬁh'@ ng a

nol ded article. Incidentally, refere numer a I cat es

a support. 5 is transkBriBa BRhiding 8APEhA! Yhreac85dbRIthe Whathlesent 10
i nvention, the upper roll 2a and the lower roll 4a are rrven to

rotate on thei pegueatingi peaths aﬁaethEOEEkabwithinaﬂﬁetB&shap%ha&obt 4b do
not rotate. Therefore, the upper belt 3 and the | ower belt 5 are
constructed sowhen the endlessly traveling belts are also provided on
both lateral sides, however, there is no possibility that |
the molded article may come into contact with the
10 surfaces of the width-regulating plates and the like, so
that the form and appearance of sides of the resulting
molded article can be improved.
As jillustrated in Fig. 2, a projection 13 is
provided on egch of upper and lower sides near the
15 entrance to the passageway C. The foamed particles are
compressed  to the utmost at the time they have reached
the top of the projection. At this time, the foamed
particles are preferably compressed to a bulk volume of
10-60% (the proportion of this compression will
20 hereinafter be referred to as "compression ratio") on the
bulk volume of the original foamed particles
(uncompressed foamed particles). It ié particularly
preferable to compress them to a compression ratio of 15-
50%. The compression ratio of the foamed particles can
25 Dbe controlled by changing the height of the projection 13
or/and changing the inclination angle of the upper belt 3.

If the foamed particles are compressed to a compression



to travel slidably on the rolls 2b and 4b, respectively. 15 A |ubricant

such as polytetrafl uoroethylene (Teflon) is provided on the rolls 2b
and 4b at their surfaces with which the respective belts come into

contact, so as to enhance t he slid é|lty of the belts. The upper « ol
2b IS so constructed that it can be Vvertically noved by a 20 noving

nmeans (not illustrated) and that the inclination angl e of the upper

belt 3 in the faagpd,pg %E'%hgnfﬁﬁg' 8xcess F%gggﬁﬁé %@&oB V%E!QQIH% a

shifting the position o per rol erenc nuner
i ndi cates an possiBlﬂ.h.'t?r fharte%aepbaﬁsaﬁﬂ tﬁeseoaﬁl@at b‘éﬁlt‘i@ﬂe@aha %@ the

25 inclination angle of the upper belt 3 Is adjusted vertic

nmovi ng the uppgiokeh, %Esulb@nbnihlﬂﬁbb§§1b111t§nﬁkemgﬁdlh§ a@y Ehgkyapress
plate 6 can be vari ed

together with tbadbappi2edVienthbeappaeatiisl by3the compreb%@bhnﬁﬁy Bet he
foanmed particle-feeding region A in such a manner that a space

bet ween t hes uppacrbabed3 anfl the foamed | paetidbes ardeconipbegsedutd! ¥
narrow toward the 5 downstreamside (a direction of flowin the nolding
process), the tomprdspioni chtsiolhigherhéhanl goke{iinsu€sieiency bed fromthe
hopper 1 can be conpressed while they are being transferred on the
downst r eam si deompression), there is a possibility that seal of steam
may become insufficient, so that heating steam leaks out
on the feeding side of the foamed particles to cause
10 insufficient heating of the particles, resulting in a
failure to provide a satisfactory molded article, or that
the foamed particles fed may be caused to flow backward
on the feeding side by the steam leaked, resulting in
impossibility of molding. When a high internal pressure
15 is épplied to the foamed particles, the high secondary
expandability thereof can prevent the heating steam from
flowing backward on the feeding side of the foamed
particles. However, it takes a longer time to cool the
resulting molded article, so that the line speed must be
20 slowed down, resulting in lowered productivity.
Ipcidentally, the projection 13 may be provided on either
of the upper and lower sides or on both upper and lower
sides. In order to enhance the slidability between the
projection 13 and the belt 3 or 5, a lubricant composed
25 of polytetrafluoroethylene or the like is provided on the
projection 13 at its surface with which the belt 3 or §

comes into contact, or the whole of the projection 13 is



The conpressed foanmed particles are fed to the 10 passageway C having a
space of a substantially rectangular formin section defined by upper
and | ower t hi ckness-regul ating plates 7 and 8 and w dt h-regul ati ng

pl ates (not expressly illustrated) provagfd over between their =
correspondi ng sides of the thickness-regulating 15 plates 7 and 8. The
upper and | ower belts 3 and 5 are so constructed that they travel with

the | over partedfngh with pOSyt@PRAeDEbtodeRPfehlCoHPERE PaKE Sa Of the

| ower belt 5 comng ihto contact wt néss-regul ating

plates 7 and 8, respggéhVehe. fd)é}né@%é’ﬁ@i@YeQ atdScomPressed while
t hi ckness-regul ating plates 7 and and the auxiliary press plate 6

are conposed ofransEéiliRgatRem usi' BS1@ing therd! H8twedh PLRé €indlEndd
| ubri cant conposed of pol ytetrafl uoroethylene or the like is fixed to

t heir surtippes, bal t h3 wand hthd clowspebélyes beht he LO&mEd Cpartidhe-i Nt O
contact, so as to inprove the slidability of the belts 3 and 5.
InC|dentaIBy, feedingscagiomvEnt tle isclinatibon émgléedftEhéhﬁppe@ebmhere
the endl essly traveling

belts may be p3ois dedefatagbby adfuste®rtantiod? @ naid@®er, more and so they
may al so be provided on both | ateral sides. When no endl essly
travel i ng bel tpxefegrablylell-%5h bifhthe foamed particles are compressed

to such a quick extent that the inclination angle of the
upper belt 3 is wider than 10°, the particles tend to be
10 returned in a direction of the hopper due to the |
rebounding force oﬁ the particles compressed. As a
result, the desired compression ratio cannot be achieved.
In order to smoothly compress the foamed particles, it is
preferable for the above-described reason to control the
15 . inclination angle of thé upper belt 3 narrower. However,
the narrower the inclination angle, the longer the length
of the apparatus. It is therefore desirable that the
inclination angle be suitably selected within the range
in which the particles are not returned to the hopper.
20 The foamed particles transferred by holding them
between the belts 3 and 5 are compressed to the utmost at
the time they have reached the top of the projection 13.
After passing through the top of the projection 13, the
foamed particles are released from a part or the whole of
25 the compression. The release of the foamed particles
from the compression is preferably conduced in such a

manner that a release factor from compression defined by



tateral sides, for exanple, the resulting nolded article 51is transferred
sliding on the surfaces of the w dth- regul ating plates and the |ike
wi thin the passageway C. When the endlessly traveling belts are al so
provi ded on both | ateral sides, h?%Fver, there is no possibility=that
the nol ded article may conme into contactt'with the 10 surfaces of the

w dt h-regul ating plates and the like, so that the form and appearance

of sides of theyresyhibng gobhedaqcticle can be inproved.
As illustrated Pn Fi g. 2,ng S?g?ectiog TB S provi ded on each of upper

and | over sidegefgaket P8ctd? £PBhI 88MPréSsibR PeysagsyayxCiodhe fqaned
particles are conpressed to the utnost- at the tinme they have reached

the top of theyReekeft hoNs At sbbtiohhltarélecofoanspace atpéhéi plaseare
preferably conpressed to a bul k vol une of 10-60% (t he proportion of

t hi s conpressi whevk! the2foahedepasticlebarechnest edoimprasseédoonr €asi on

rati o") on the bul k vol une" of the original foaned particles
(unconpres®ed tGpatedapasidel ef) thet supepahéateflastgam-feedinferagiont o
conpress themto a conpression ratio of 15- 50% The conpression ratio
of the foaned padtbclissacaact26nabeareat 06| apdekytchofinghagmohdefiei ght of
the projection 13 or/and changi ng the inclination angle of the upper
belt 3. | artheleofned phet copdingrrvegbaps eiscdtt deastohpPEssi on

The foamed particle from which a part or the whole

of the compression has been released are heated with

10 steam jetted out within the passageway C from steam-
feeding sections 17 in the super heated steam-feeding
region S as they are held between the belts 3 and 5.
Thefefore, the belts 3 and 5 must have good permeability
to steam. As such a belt, there is generally used a belt

15 obtained by boring a'gféat number of through-holes each
having a diameter of 0.5;3.0 mm at a pitch of about 10-50
mm in a stainless steel belt having a thickness of about
0.2- 1.0 mm. The super heated steam-feeding region S
includes the steam-feeding sections 17 for heating the

20 foamed particles 11 with steam to mold them and sucking
sections 9 for sucking_the heating steam and drain of the
steam under reduced pressure on both upstream and
downstream sides of the super heated steam-feeding region
S. The provision of the sucking sections 9 to conduct

25 suction permits preventing the drain from standing in the

passageway to inhibit the feed of the foamed particles

(particularly, the action of the sucking sections 9 on



18 © ratio lower than 10% (excess of conpression), there is a
possibility that the cells in the foaned particles may be br oken,
resulting in inpossibility of nolding, or that a | oad applied to the
apparatus by the conpression may be 5 increased. If the foaned particles
are conpressed to a conpr essi on ratto hi gher than 60% (i nsufficiency
of conpression), there is a possibility that seal of steam may

. L . he feedi

ordeor the foshEaupstBennosifs b 2nd' §iber BRted: areamsARPAIG: }gdg
[ ' ' fal . ' ' tory nol de

Prticie: o triputBH 53 5apa prehiifia) InBl BofTnd, BRERRLIGR HHeTT
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i npossibility o hen a hig Ssure I5 TS applied to
the foamed paraaageswakﬁagglah %ﬁeogggg%Fing mSEHéHdQPtib%¥ thereof can

prevent the heating steamfrom ng-backward on the feeding side of

the foaneds (pagtibahésiyO¢R¥Chctibnt 8¥Ctha Eﬁaﬂﬁﬁgtggsgienﬁoglo he
resulting nolded article, So that the |ine speed nust ™ be 0 slowed down,

resulting in | ener adwnseduain ¥il¥ of thel BapePNhaht¥d sBEaRLLEE8EHhgN 13 nay.
be provi ded on either of the upper and | ower sides or on both upper

and | ower regflen. S)n orierpiésant aiwwend titor | igatot | Timbeiavesiy heo
projection 13 and the belt 3 or 5, a lubricant conposed 25 of _
pol yt et r af | uor tieé hgasaeewberehthei seckingr sectikdnen9t &ee provipdedeati on 13
at its surface with which the belt 3 or 5
both upper and lower parts. of the passageway, and so they
10 may be provided only at lower parts of the passageway for
the purpose of removing drain standing on the lower side
of the passageway.
The apparatus according to the present invention is
so constructéq that the heating steam fed from the-steaﬁ-
15 feeding éectiéns 17 is fed within the passageway C
through the through-holes bored in the thickness-
regulating plates 7 and 8 and the through-holes bored in
- the belts 3 and 5. The pressure of the heating steam fed
from the steam-feeding sections 17 is generally 1.0-4.0
20 kg/cm®G.
The foamed particles heated with the steam expand
80 as to close interparticle spaces within the passageway
C., and undergo mutual fusion bonding to form a molded
article (although it cannot be said to be a complete
25 molded article at this time, it is called a molded

article for the sake of convenience because the foamed

particles have been mutually fusion-bonded). The molded



—conés into contact, or the whole of the projection 13 is

19 formed wth pol ytetrafl uoroethylene or the |iKke. When
" the foanmed particles are conpressed while transferring them by
hol di ng t hem between the inclined upper belt 3 and the lower belt 5
in the foamed particle- 5 feeding redon A the inclination angle of the
upper belt 3 is preferably adjusted to 10[err] or narrower, nore
preferably 1-5, |f the.fo | re.c r . uch a
qui ck extent tﬁﬁ#l?%s %%c?ﬁ%gt?géﬁgﬁéfgegfg?hgﬁg SEBESBBeFeHéF9 i's w der
than 10, the p | o] . rpgdsjin | kecti t he
hopper due to ?ﬁéiﬁbga %gggu%d?ﬁgl%%gcgég gtgg Bgr??g eégéoﬁggégézd. As a
result, the degj 0 Si pPrr 8khfpta@nnat cB612868 YSEe, in whichrder to
snoot hl y conprégsf?ﬂé ﬁgéﬁéa gaft?%?@g, it ig ap?e?e?ab%g ?orcthe

above- descri bedop g wheesOBIFEL1ABEng lpipbneli BALLED 2B0L8eAl !dige UppPEr
belt 3 narrower. However, the narrower the inclination angle, the

| onger the g engbbve-des€fib88 3P8PELHSE. cohtifiublisl¢f aha ¢epehdblgyt hat the
inclination angle be suitably selected within the range in which the
particles are pohdaeteaned bbtals Aopptded dbticle 12TBE toakkfdupasticles
transferred by hol ding them between the belts 3 and 5 are conpressed
to the utnost Béngth. Incidentally, the sucking sections 9, steam-

feeding sections 17 and cooling means 10 are may be
provided not only on the sides of the thickness-

10 regulating plates 7 and 8, but also on the sides of the
width-regulating plates though not expressly illustrated.

In the present invention, it is preferable that the

area of a section of the passageway C perpendicular to
the direction, in which the foamed particles are

15 transferred, Se kept suﬁstantially constant on the
downstream side from the starting point of the super
heated steam-feeding region S until the molded article is
fully cooled. If the molded article is compressed on the
downstream side from the starting pbint of the super

20 heated steam-feeding region S (the sectional area of the
space within the passageway on the downstrgam §ide from
the super heated steam-feeding region S is made narrower)
before the molded article is fully cooled, a mark such as
a flow mark is left on the surface of the resulting

25 molded article 12, so that the surface appearance of the
molded article 12 is deteriorated. On the other hand, if

the sectional area of the space within the passageway on



the tine they have reached the top of the projection 13. Af ter passing
t hrough the top of the projection 13, the foanmed particles are

rel eased froma part or the whole of 25 the conpression. The release of
the foaned particles fromthe conpression is preferably conduced i.n
such a manner that a rel ease factor23rom conpression defined by

20 the follow ng equation (2): Rel ease factor from conpression

(% = b/a x 108ne dbihstroan"BShel Prn tnd SEBLEONEL 202 RbnrRRAGRA (O

pl ace where the toanmed particle are nost conpressed

upstream si de QE?iBﬁ EUEErmBﬁétﬁﬂdéfggghéfédhggaf?ﬁggﬁbilitxé%ﬂﬁtbthé a

sectional area of an exit of the no arti rom-t cool i ng

region, is at tea33ing R¥y not be fullyNBeiearhdaRarih&igehtMyhi fHea part
or the whol e of the conpression has been rel eased are heated wth 10

steam jetted oterw 'ehs mbedpasspgevdy £sf FaIN§t edbiled” mehf8Uitha LS hbi ONS
17 in the super heated steamfeeding region S as they are held between

the belts 3 anofded artibkeeisréeooléd 86! bachR andok Tempelat@rgoetat
perneability to steam As such a belt, there is generally used a belt
15 obtai ned bytbundeggaegr nat sababanthélt xpagbibal.es each havi ng a
di aneter of 0.5-3.0 mmat a pitch of about 10-50 mmin a stainless
steel belt having a Ihi theecsbové embodiment, the apparatus is so

constructed that the projection 13 is provided on each of
the upper and lower sides near the entrance to the

10 passageway C, and the foamed particles transferred by .
holding them between the belts 3 and 5 are compressed to
the utmost at the time they have reached the top of the
projection 13, and released from a part or'the whole of.
the compression by transferring them on the downstream

15  side from the*top of thé projection 13. However, the
projection 13 may be provided at an optional position
between the vicinity of the entrance to the passageway C
and the starting point of the super heated steam-feeding
region S. The projection 13 may not be necessarily

20 provided at two positions of the upper and lower sides,
but may be provided at only one position of the upper or
lower side. The form of the projection 13 is not limited
to such a trapezoid as illustrated, and so the projection
13 may be in any form.

25 In the above embodiment, the apparatus is so

constructed that the foamed particles are compressed to

the utmost at the time they have reached the top of the



0. 2- 1.0‘nh1 The super heated steamfeeding region S “includes the
steam feeding sections 17 for heating the 20 foamed particles 11 with

steamto nold them and sucki ng sections 9 for sucking the heating
steam and drain of the st eam under reduced pressure on both upstregam
and downstream si des of the super hehated steam feeding region S.

The provision of the sucking sections 9 to conduct 25 suction ﬁgrnitfh
ti th 1N, & t andi,ng .| h ssageway to inhibit e

Peed of the foRhedeBLipRird, aa " e18abH8 erom BABSBIRHRY5H20 Fﬁ§e§u§king

ti 9 : . stream
:?gelgpstheogugg?sﬁggtggrg?g%n$ gea?ﬂg?f the ngpgﬁté%? %ﬁd d?%@%ﬂ%?hg t he
cooling effectjpnmhPealso be”deEﬁn§E£h8£SdfEﬂgtbghgﬂ B?W@pgdbggﬁstg the
drain to cause warpage on the resulting nolded article
(particularly,aﬁ&esaéahoaeOﬁrésseag§%éagp26551§9§ 8fg?er¥%cali emg?ﬁﬂigrea”‘,

side of the super heated steamfee reglon e presen

i nvention iss nprekstbeUsOnhyakoillustrabedacncryger 8,188 a¥ckbNgongakions
9 are provided at bot h upper and | ower parts of the passageway, and

so they 10 nmayhéeupmostdedmpnéyston! 6Peth8arbsmedl pALtPe3E308HAYtheir
t he purpose of renoving drain standing on the | ower side of the
passageway. release from the compression by the press rolls 14.
Further, the apparatus may be so constructed that only .
the upper belt 3 is pressed by a press roll 14 as
10 illustrated in Fig. 4. When the belts 3 and 5 (or only
the belt 3) are pressed by the press rolls or roll 14 as
illustrated in Fig. 3 or 4, it is necessary to provide a
rubber sheet or the like at a position where the roll is
provided, so as to form a sealing struéture to prevent
15 the steam froﬁ leaking éut through the belt in the
vicinity of the press roll 14 because a great number of
steam-permeable holes are bored in the belts 3 and 5 as
described above.
In order to conduct the compression of the foamed
20 particles and their release from the compression,
furthermore, a projection 13 may also be provided on each
of the upper and lower sides néar the entrance to the
passageway C with the positions of the projections
staggered as illustrated in Fig. 5. When the projections
25 13 are provided with their positions staggered as
described above, the foamed particles can be not only

smoothly compressed to the utmost at the time they have



The apparatus according to the present inventionis SO ponstrucped'
that the heating steamfed fromthe steam 15 feeding sections 17 is fed

wi thin the passageway C t hrough t he through-holes bored in the

t hi ckness- regul ating plates 7 and 8 and the through-hol es bored in
the belts 3 and 5. The pressure of the h&ating steamfed fromthe
steam feeding sections 17 is generally 1.0-4.0 20 kg/cnkG The

! . |
| orparti cl o CRRCHEOLPE, opy 8%, 3Bl RERIF ot ion R RAEPGORAIY .

[ [ LGl I ' sai o]
be a compl et o T5aceefl, £508 tFl, comp-FebiShl PutiRYE c'ﬁ?é3928§5$§éa v

. . i r ave
article for thgggggg;ggﬁggg§éa;ggegoggggEEStsag b28V88ea on RAL' Wppdt

been nutual ly

22 aM%ﬁ%%MM%%QWM%%m%MtﬁMWd
[ 1t. As the

with a cooling neans 10 to coo cool i ng neans, for exanple,

a cool i ng_pd at piroljacthbinbBcomes QBQEEnQoWQ}ﬁrtﬁbrﬁEEéEkﬂgaprethé bui l't,
I's used. The 5 above-descri bed steps are continuously and repeatedly

conducted to ophskBgawd®! te@romt thkeaiZeetibANbENURES foamed BRFthcle-
Incidental ly, the sucking sections 9; steam _ .
feeding region A as illustrated in Fig. 6, the foamed
particles compressed can be more smoothly released. from
the compression. When a plurality of projections 13 are
10 alternafely provided on the upper and lower sides in such
a manner that the height of the projection becomes higher
toward the direction of the passageway C from the
direction of the foamed particle-feeding region A though
not expressly illustrated, the foamed particleS'can be
15 more smoothly compressea, When a plurality of
projections 13 are alternately provided on the upper and
lower sides in such a manner that the height of the
projection becomes higher toward the direction of the
passageway C from the direction of the foamed particle-
20 feeding region A, and a plurality of projections 13 are
~then alternately provided on the upper and lower sides in
such a manner that the height of the projection becomes
lower toward the direction of the passageway C from the
direction of the foamed particle-feeding region A, both
25 compression of the foamed particles and their release
from the compression can be more smoothly conducted.

Fig. 7 illustrates another embodiment for



f eedi ng sections 17 and cooling nmeans 10 are may be provi ded not only
on the sides of the thickness- 10 regulating plates 7 and 8, but also on

t he sides of the wi dth-regul ating plates though not expressly

i1l ustrated. In the present invention, it is preferable that_the
area of a section of the passageway C pelPendi cuI ar to the direction;

I n which the foaned particles are transferred _be kept substantially

constant on the duc&%gﬁﬁlﬂ%@r@%%% #’lq__d_ls pé?df'l?lﬁeé he Isluper

heated steam feoadl Ing re

cooled. If the gpl | OIHY. 4
fromthe starting %?ﬁf&%f'ﬁ ete }lf%er ag%%%eag{tecfiﬁr eam feedi ng é‘]'(aaéggr on S
(the sectional w62 Ldrdw'Feeder IR \Ménlf fucte (?ee MY rdwSitch

downst r eam si de from t he super hea I ng region S1s nade
harrower ) dicies tdaerm)&e%ararfdc lthel St;fpﬂ ! x:nceﬁ&ed ca8eTRiheSuch as

a flowmark is left on the surface of the resulting nmol ded article 12,
so that thessurdelcasid Faomiie o ssion B dak c’fdan@@ ﬂa?:ﬁfcles
deteriorated. On the other hand, i the sectional area of the space
W thin the passagpyess®d by the screw feeder 15 can be conducted?aay,

the downstream side fromthe super heated steamfeedi ng region Sis -

made w der, thefoxr iexampless iproviidjinighdincllimed platesolliengdmaudiota be ful ly
performed. Incidentally, the

manner that the space becomes wider toward the direction
of the passageway C. -

io In the present invention, not only the method in
which the foamed particles are compressed by both
inclined belt and projection as described above, but also,
though not expressly 111ustrated, a method in which the
foamed particles are compressed only by holding them

15 ©between inclined belts'fo transfer them, and then
released from the compression by providing inclined
plates in such a manner that the space becomes wider
toward the direction of the passageﬁay C, may be used.

The present invention will hereinafter be described

20 in more detail by the following examples. However, the
present invention is not limited to these examples.
Example 1:

Foamed particles shown in Table 1 were compressed

in the same apparatus (dimensions of passageway C were

25 fixed as follows: width between the position just after
passed through the projections and the exit of the molded

article from the cooling region B: 300 mm; height



term"the nolded article is fully cool ed" neans that the 5 nol ded
article is cooled to such a | ow tenperature that it undergoes no
substanti al expansi on. In the above enbodi nent, the apparatus
is so constructed that the projection 13 is provided on each of

t he
t he
and
t op
t he
top

upper and | ower sides near the entr@ice to the 10 passageway C, and

foanmed particles transferred by hol di ng them between the belts 3

5 are compressed to he utnost, at 1 tine the) ve reached the

of "t he' iR tfhen: 25 Mk PR At et EFead o PG S0 nt

conpr essi . S | 4 . r | de, omthe
O Widd WG LIPRAN SRS T 1P, ShEu{de

of the projection Wever, projectton ovi ded

at an opti Onalr%%%é&?t rom tﬁ@t&ﬁﬁ&é%tﬁ C%ﬂiééf o é:ﬂge ?%gfé;‘{@efséo the

passageway C

e starting pol e super a ant f eedi ng

region S. The gySiSC#: UM J&Mgﬁoéggsmg%ﬁgg%?zg (‘%ﬂ?ﬁ ded at two

positions of the upper and | ower si

one

ns . e provided at only
POSi i gn YrdfEetiRA d¥f the typ¥1Risteratddeid OFRf shhe phej ection

13 is not limted to such a trapezoid as illustrated, and so the
projection  thuks tisatid ifoanva iprlici¥s were hddtddeyadip\sefrdingli ment,

t he

apparatus i s so constructed that the foaned particles are

conpressed to steam twWieilg rixsinsfertimg ithen rdmgie teachaser eedtaga of the

steam-feeding region S by holding them between the belts
3 and 5. The line speed and steam pressure in the

10 molding are shown collectively in Table 1. In this
example, suction under reduced pressure was performed in
the sucking sections 9 situated at the upstream and

downstream sides of the super heated steam-feeding region.



24 projection 13, and rel eased fromthe conpression after

passi ng through the top of the projection 13. However, it may al so be
so constructed that each of the belts 3 and 5 can be pressed by a
plurality of vertically novable 5 press rolls 14 as illustrated in Eig.
3, so as to conduct the utnost com? ession of the foanmed particles
and their rel ease fromthe conpression by the press rolls 14.
Further, the apparatus may be so constructed that only t he upper belt
3 is pressed by a press roll 14 as 10 Taebllesfirated in Fig. 4. \Wien the
belts 3 and 5 (or only the belt 3) are pressed by the press rolls or
roll 14 as illustrated in Fig. 3 or 4, it egsalf ovifle ;3
rubber sheet or_the like at a position where thgﬁ?lﬁzj;\é 1 Wp&%‘\ﬂ“@g SO
as to forma sealing structure to prevent 1% ﬁéﬁa‘l‘% | eaki ng out

t hrough the belt in #ied of base cresiiny4 of t he e a grdat
nunber of st eam perneabl e holes are bor¢ eﬁl B%rrqogl as
descri bed aboye. djict t onpr ¢ssi o t he
foamed 20 pafticles and t%‘é‘lk d%ﬁqggs{eg/ﬁ"gﬂ luhe C essi ﬁn %%33
furthernore, @ projection 3 .m aI SO besgrg | ded on each of the ugper
and | ower sides near the e:r:gs an e passageway { wthdhe :
positions of jhe projectifo - clgfa W ed gs illustrated in Fig. 5. Wen

the projection 2 13 dre provided wth their positionsfstaggered as
descri bed abougoa'ﬁ! ‘icie;oanégec ss:L%n %%) ﬁuﬂ not ophy 96

compression | Average weight of
- particles 1.8 1.8
{mg/particle)

Presence of two peaks

on DSC curve Present Present
Compression ratio of foamed 60
particles (%) 5
Release factor of foamed particles 160
from compression (%) 100
Molding | Steam pressure (kg/cm’G) 2.6 3.0
condi-
tions Line speed (m/min) 2.0 1.0
. Stably operated
Operating state of molding Good without though leakage
any leakage '
apparatus of steam of steam
occurred
Fusion bonding
property of foamed O O
particles *2
Properties
of molded |Density (g/cm’) 0.015 0.015
article
Density ratio *3 0.87 0.87
Appearance Good Good




snoot hly conpressed to the utnost at the tine they have

25 reached the top of the projection 13, but also snoothly

rel eased fromthe conpression. Further, when a plurality of
projections 13 are alternately prOV|ded on t he upper and | ower si.des
in such a manner that the height of the2?2 5 projection becones |ower toward
the direction of the passageway C fromthe direction of the foaned
particl e- kg%ging region A as illustrated in Fig. 6, the foaned
particles conpfess & can be nore snoothly rel eased from t he

compression. Vgn ay,pl Hégl:’fr%ﬁfkg%gke%' ggﬁ‘ﬁ&g §°g‘“eaoﬁa%lt&%%a%t ?#mhel ght

provi ded on the upper an

O ihe brol ecti on B6iRPEasIbaGhe, dotebitfibd bhopthbetll MicCkoliga .

passageway C fromt I'rection o e fo

A though not ﬁéE£§é§é¥ ih! E%{ri‘iﬁén&ﬁf &eﬁﬁssﬂneer hh@kﬁgnaan be 15

more snoothly conpressed. When a pluralit projections 13 are

al t er nat el 5 provi dgdaf8tsheolPPEs @idto a né@@ﬁt éfdééo'ﬂmSUEBmﬁrEQQEﬁP
that the height of the proj ecti on becones higher toward the direcfion

of the passagenen fof aoHeigRtdofetdommoatt Aerheansd nerhm?hgn b0
feeding region A, and a plurality of projections 13 are t hen
alternately provi dadcomptéssipgeplatd, | paesifgdeRei Bompressing plate at
a rate of 20 mm/min to remove the compreésivé force
applied to the foamed particles, stirring the foamed
10 particles, and then measuring the height of the
foamed particles after 10 seconds from the removal of
the compressive force, thereby calculating the
recovery factor from a bulk volume found from the
height of the foamed particles before the compression
15 - and a bulk volume féund from the height of the foamed
particle after the removal of the compression in
accordance with the equation (1). |
*2: The fusion bonding properfy of sample foamed
particles was evaluated by cutting a specimen having
20 a thickness of 10 mm, a width of 50 mm and a length
of 100 mm out of the resulting molded article, and
pulling this specimen in its longitudinal direction
to break it, thereby determining a proportion of
foamed particles broken at the broken-out section,
25 and ranked in accordance with the following standard:
O: At the broken-out section, breakage of foamed

particles (non-interparticle breakage)



such a manner that the height of the projection becones | ower tomard
the direction of the passageway C fromthe direction of the foamed
particle-feeding region A, both 25 conpression of the foamed particles
and their rel ease fromthe conpression can be nore snoothly conduct ed.

Fig. 7 illustrates another enbodi nent f _
26 conducting the conpression of the foanmed particles. this

enbodi ment, the foaned p%éé&fﬁéalh%%f&ﬁ@f@ﬁéﬁdof at 18¥s# §6£ew%£&eder
15 so constructed that its screw pitch becones narromer t owa

tip. Inthis case, thg. & g mé‘l{ h%(g,_q_rm{eqﬁ} d(?ﬂ@f’

particles conpressed by the scre 15 can be con

for exanple, providing lngérfEﬁUé%aéﬁﬁ ﬂﬁkéfpéw@ibrb break@@@n@écﬁfﬁédthe
space becones wi der toward the direction of the passageway C. 10
In the present invention, imoprepdytidies n&f Dswér than 564 cind het f Dease
particles are conpressed by both i nclined belt and projection as

descri bed &@ove, but al so50%, respecyiveby.expressly illustrated, a nethod
in which the foamed particles are conpressed only by holding them 15
bet ween i ncl i n&d: bBhesdensityncatiot was) defitnéficas (bulkedemsityfofm t he

conpression by providing inclined
foamed particles before compression)/(density of
molded article).
*¥4: A resin having a melting point of 138°C, an ethylene
10 content of 5.3 wt.% and a melt flow rate (according
to JIS K 6747-1981, paragraph 4.3) of 8 g/10 min.
Comparative Example 1:

Molding was conducted by using an apparatus having

‘no compression-releasing means (i.e. an apparatus having

15 no projection; and foaméd particles having the same bulk
density as in Example 1 and selecting molding conditions
in such a manner that a molded article having the same
density as that obtained in Example 1 can be provided.
The properties of the foamed particles used, molding

20 conditions and the properties of the molded article
obtained are shown collectively in Table 1.

As apparent from the results shown in Table 1, in
the case of Comparative Example 1, in which the molding
was conducted without releasing the foamed particles from

25 the compression, it was necessary to increase the
1ntérnal alr pressure of the foamed particles in order to

provide a molded article having the same density as the



plates in"

such a manner that the space becones w der toward the

direction of the passageway C, nmay be used. The present
invention will hereinafter be described 20 in nore detail by the
foll owi ng exanpl es. However, the present invention is not limted to
t hese exanpl es. Exanpl e 1: 31 Foaned particles shown in Table

1 were conpressed

I n the sane apparatus (dinensions of passageway C

vere 2o T XChodBehobl-aien o blths RERNEA  EkARpRASL! LA LB BLbBerties

passed t hrough t

e projections an e exit

the cooling regpophBt 3¢0+8Bk BehBfher time to apply the internal

27 therebetween: 25 mm) as that illustrated in Fig. 1 so as to
gi ve a conprespir@Bshizkl.0 £80¥Re | Fedabt Cof, t1Rdtap

conpression so as to give a rel ease factor from conpression shown in
Table 1 (usinginterpnl peesgureyf ithRakypecekkdsyr ebedlow Bogn Zhe Ihge
thus-treated foanmed particles were heated with heating steam whil e
transferrirg tbpeedhiaughet Molatingr tbeabodt a halfecas: E@edi ag thgitoAnS by
hol di ng t hem between the belts 3 and 5. The |line speed and steam
pressure in thBxahfleoldand dnershsenthel peessuekyofnthabheatingnsteam,
exanpl e, suction under reduced pressure was perforned in

10

15

20

25

so that productivity such as production efficiency and
production cost was markedly deteriorated.
Example 2:

Foamed particles shown in Table 2 were compressed
in the same apparatus (dimensions of passageway C were
fixed as follows: width between the position just after
passed through the projéctions.and the exit of the molded
article from the cooling region B: 300 mm; height
therebetween; 25 mm) aé that illustrated in Fig. 1 so as
to give a compression ratio shown in Table 2, and then
released from the compression so as to give a release
factor from compression shown in Table 2 (using
projections of the type illustrated in Fig. 2). The
thus-treated foamed particles were heated with heating
steam while transferring them through the super heated
steam-feeding region S by holding them between the belts
3 and 5. The line speed and steam pressure in the
molding are shown collectively in Table 2. In this
example, suction under reduced pressure was performed in
the sucking sections 9 situated at the upstream and

downstream sides of the super heated steam-feeding region.

rticle from

ation'&f egge€tnigmert he



t he sucking sections 9 situated at the upstream and

of the super

heat ed steamfeedi ng region.

downstr eam si des

28 Table 1

Example 1 Conp. Exanple 1 .
Uncr ossl i nked et hyl ene- Ki nd of ¥dse resin*4 propyl ene
random copol yner Bul k density (g/cn[err]) 0. 013
0.013 Internal air pressure 2. 2.7

of particles (atn) Foaned RecoveMabflec 2or from 94

96 particles conpression (% *1 before conpression Average weight of
particles 1.8 1.8 (qglﬁaiti | )
Presence of two peaks Present Presen% ple 2 o 5] @ﬁrve
Conpression rfatio of foamed 60 1in} articles ({9
Rel ease factof of foXipd gfabase|resin*4 160 Uncross o r:nd n
conpression (94__ Ml ding Steam pressure (kg/(ﬁ¥8?¥ﬁ Copo.
3.0 condi- tipns Line éﬂé&% %OO 1.
Stably operatgd Operating State F%f?ﬁ) 0.0 od \AthodP°27though
ngllj??gdappar At US Internal air pressure any Ileaakage of steam
of particles (atm) - 1.8
Foamed Recovery factor from 94
particles compression (%) *1 94
before _
compression | Average weight of
particles. 1.8 1.8
(mg/particle)
| Presence of two peaks
on DSC curve Present Present
Compression ratio of foamed
particles (%) 36 70
Release factor of foamed particles
from compression (%) 250 100
Molding | Steam pressure (kg/cn’G) 2.6 3.0
condi.-
tions Line speed (m/min) 2.0 2.0
s Stably operated
Operating state of molding Goodlw:_]thout though great
apparatus any ge leakage of
of steam
steam occurred
Fusion bonding
property of foamed O O
particles *2
Properties
of molded |Density (g/cm’) 0.033 0.043
a;:ticle
Density ratio *3 0.82 0.63
Appearance Good Good




Fusi on bondi ng property of foaned 0 O

particles *2 Properties of nol ded Density (g/cnferr]) 0. 015

0.015 article Density ratio *3 0. 87 0. 87
Appear ance Good Good -

29 (Not e) *1: The recovery 3actor of sanple foaned particles
from conpressi on was determ ned by placing the foaned

particles in a ' ' S de, having a5 di aneter of 100 nm
to a hei ght of %%’#gmidéﬁ%gérrpr ess}?in@g _ themto a height of 120 mmat a
rate of 20 mnin by Mo1aing wels SUBIRSSd D R fag 't Hphrdias WY L35 NI
pl ate at -~ arate of 20 mimn to rerove the conpressive force

applied to the j®astifpidd i Seldddind tedd® (PL28EGhn dbparat®e RaFifg
and then measuring the height of the g {oarred par p|cles after ‘i% .

seconds from t heo ref@jedt8n) and foamd® FRFPLEESS ifaF i@ thd NedRd Youlk

cal cul ating the recovery factor froma bulk volume found fromthe
hei ght of tbe fdamertypadrd cletSeed 0 Erdd e g ebsiB¥ampfe 2 and@nd a bul k

vol ume found fromthe height of the foamed - particle after the
renoval of the seimorEls) otlier molding comddtlibows im tdudiea avpraidO Nt .
| a molded article of good quality can be provided when the
molding is condﬁcted at the same line speed as in Example

2. The properties of the foamed particles used, molding

10 conditions and'the properties of the molded article
obtained are shown collectively in Table 2.

As apparent from the results shown in Table 2, even
when the foamed particles -having the same buik density
were used, only a molded article having a high density

15 compared witﬂ the methéd of Example 2 could be obtained
when an attempt to provide a molded article of excellent
quality was made according to the method of Comparative
Example 2. |
Example 3:

20 Foamed particles shown in Table 3 were compressed
in the same apparatus (dimensions of passageway C were
fixed as follows: width bétween the position just after
passed through the projections and the exit of the molded
article from the cooling region B: 300 mm; height

25 therebetween: 25 mm) as that illustrated in Fig. 1 so as
to give a compression ratio shown in Table 3, and then

released from the compression so as to give a release



it

.*2: The fusion bonding property of sanple foaned particles was
eval uated by cutting a specinen having 20 a thickness of 10 mm a

wi dth of 50 mm and a | ength of 100 mm out of the resulting nol ded
article, and pulling this specinen in its |ongitudinal direction
to break it, thereby determ ning a propéﬂtion of. foamed particles
broken at the broken-out section, 25 and ranked in accordance with
the foll ow ng g488g2r from compressiof) shbwhheénbrakea- euiusesli on, breakage
of foaned particles (non-interparticle breakage)

30 projectbLénsrefl the atypepollusoratedt ihearig 502) . artthe :
X: At the broken-out section, breakage of foaned particles
and interparti thesbterektgd® Hoamed eparticles were heatéed withoheatdagof

| ower than 50% and at | east 5 50% respectively. *3:
The density rasteamewhilkéi trmansfexXbihg themi throfigh the supefohsaiied
particles before conpression)/(density of nol ded article).

*4: A resi B hastegmafeedinggregion 3fby3Bpiding themebaywean the belts
content of 5.3 wt.% and a nelt flow rate (according to JIS K
6747-1981, par3gan@h54. Fheflihey/sppad mnd steammprgsgune BExafpee 1:

Mol di ng was conducted by using an gfparatus havi ng
molding are shown collectively in Table 3. In this

example, suction under reduced pressure was performed in
the sucking sections 9 situated at the upstream and

10 downstream sides of the super heated steam-feeding region.



ho conpression-rel easing neans (i.e. an apparatus having 15 no
projection) and foaned particles having the sane bul k
Exanpl e 1 and sel ecting nolding conditions

nol ded article having the sanme
can be provided.
conditions and the properties of the nolded article
As apparent fromthe results

20

shown collectively in Table 1.

in such a

density as in
manner that a

density as that obtained in Exanple 1
The properties of 3he foaned particles used, nolding

obt ai ned are

shown in Table 1, in the case of Cﬂﬁﬁé?a?ive Exanple 1, in which the

mol di ng r%;4;uuhu:&uLuuiiuuu_44ﬁ4a¥;44}4Ju;i4gnmmLpaLLLcLes_iLgnL_25
the conpressipn, it was necessary to increas¢ thgample 3i N{ eomsl Fbiple 3
pressure of thefoaned particles in order to providela nolded artidle
havi ng the safre density_as_ the . Uncrosslinked ethylene- 31
mol ded articl g obtai K&8di9f PRESFEIA*ANd good bi BSndom at it
took a longertine ta apply the internal pressure S the résult of
the applicatipn of the hiljghak densit'ﬁrn(f/cﬂ?j pressgiigyy it yas neeeggary tjo
slow down thejline 5 sfeed in the nolding fo about a half as slow as tlhat
in Exanpje 1 and i nqrgaagndNaiPl Stishpe ¢f the heating steam qo
that productipity such ay g gapeidie F&g{cie1cy ardt0 pr oductd-8n cost|
was markedly fdeteriorate Exanpl e 2' : .
Foamed Recovery factor from 85 70
particles compression (%) *1
before
compression | Average weight of
particles 1.8 1.8
{mg/particle)
Presence of two peaks
on DSC curve Present Present
Compression ratio of foamed 35 35
particles (%)
Release factor of foamed particles 250 250
from compression (%) '
Molding | Steam pressure (kg/cm’G) 3.3 3.3
condi- :
tions Line speed (m/min) 2.0 2.0
_ Operation was
0 . . Good without |unstable due to
appar:iﬁg state of molding any leakage intermittent
of steam leakage of
steam
Fusion bonding
property of foamed O
particles *2 Short shot
Properties occurred
of molded |Density (g/cm’®) 0.05 periodically
article
Density ratio *3 0.82
Appearance Good Poor




10 qT.Foaned particles shoﬁn in Table 2 were conpressed in the

sane apparatus (dinensions of passageway C were fixed as follows:

wi dt h between the position just after passed t hrough the projections
and the exit of the nol ded article fromthe cooling region B: 300 /mm
hei ght 15 therebetween: 25 nmm) as that 3%lustrated in Fig. 1 so as to
give a conpression ratio shown in Table 2, and then rel eased fromthe
conpressi on so @fote®) gi ve a rel ease factor from conpression shown in
Tabl e 2 (using projections of the type illustrated in Fig. 2). The 20

thus-treated fomed pddin RS MY & Mﬁ&cfyviﬁahﬁeaiﬂ ngis°c, . s GHRYIELE

transferring themthrough the super heate steam f eedi ng regi'on S by
hol di ng t hem bet weewnniteathelft 2.4 wt.3 and 2 melt Flow seaed (At

pressure in the nol di ng are shown collectively in Table 2. In this 25
exanpl e, suction urtdedIiSe&u6dd 7pio8iur pavagraphfl dr.39dofn 10 g/ itheniziicki ng
sections 9 situated at the upstream and downst ream si des of the super
heat ed st eah f &anparatdgiepExample 3: 32
Table 2 Exampl e 2 Conp. Exanple 2

Ki nd of base resin*4Molding wgsc coaductiedd undey dhe same conditions as

ropyl ene random copol yner
Propy ] in Eé%mﬁ&e 3 except that foamed particles different in

recovery factor from compression were used. The
properties of the foamed particles used, molding

10 conditions and the properties of the molded article
obtained are shown collectively in Table 3.

As apparent from the results shown in Table 3, a
molded article of good quality could be obtained without
any problem in Example 3 making use of the foamed

15 particles thé recovery'factor from compression of which
exceeded 80%, while any molded article of good quality
could not be obtained in Comparative Example 3 making use
of the foamed particles the recovery factor from
compression of which was lower than 80%, because short

20  shot of the foamed particles occurred periodically.

Example 4:

Foamed particles shown in Table 4 were compressed
in the same apparatus (dimensions of passageway C were
fixed as follows: width between the position just after

25 passed through the projections and the exit of the molded
article from the cooling region B: 300 mm; height

therebetween: 25 mm) as that illustrated in Fig. 1 so as



Bul k density (g/cnierr]) 0. 027 0. 027

Internal air pressure 1.8 1.8 of particles
(atm) Foaned Recovery factor from 94 94
particles conpression (%9 *1 before conpression Average weight of .
particles. 1.8 37 1.8 (ng/ particle)
Presence of two peaks on DSC curve Present
Present Conpreésgwer@té&n ed SPORUIrRE16 1 Sh&wn (YA Tgﬁiéaée 4A4! eheRf
foamed particles rom conpression (%
100 Mol ding 5E@B@&§6@3§ﬁ6ﬁ*fﬁﬂ/éﬁﬁﬁféiéion so as 2obgive a reBefseondi -
tions Li ne speed (nifmn) .0 2.0
Good wi t hout f&ﬁ&&yfmmrmmmmlmﬁﬁam PabI®! 4i (gsin any
| eakage t hough great apparatus of steam
| eakage of projections of the type illustrated in Fig. 2). stthem
occurred Fusi on bondi ng property of foaned

5 thug-treated foamxi tpatebclds Rreperheatsedfwith dedatimgnsity
(g/cnferr]) 0. 033 0.043 article - Density ratio
*3 . gtegmm while trangfey3ring them throvgipethenseper heated
Good Good 33 -
Conpar at i ve B&fanr-feeding region \§| by deplding okem tkeitwgen sty belts
appar at us havi_ng no conpression-rel easing nmeans (i.e. an apparatus
havi ng 3'and 5. The line speed and steam pressure in the

molding are shown collectively in Table 4. In this
10 example, suction under reduced pressure was performed in
the sucking sections 9 situated at the upstream and

downstream sides of the super heated steam-feeding region.



nho projection) and foamed particles having the sane bul k 5 density and

I nternal pressure as in Exanple 2 and sel ecting ot her nol ding
conditions in such a nmanner that a nolded article of good quality can
be provi ded when the nol ding is conducted at the same |ine speed.as
I n Exanpl e 2. The properties of t 8 f oaned particles used, nolding
10 conditions and the properties of the nolded article obt ai ned are
shown coll ectively in Table 2. As apparent fromthe results
shown in Table 2, even when the fodabdepédrticles having the sanme bul k
density ere used, only a nolded article having a high density 15
conpared with{the nethod of Exanple -2 could be EQ&&h%?Q Cﬂywh
attenpt to prpvide a nolded article of excel en qual 'ty was ﬁéé%4
according to the nethod of Conparative £19nked qgle 3: |20
Foamed partic|es shokind pfrhase resintte corrpr< M&gam
appar atus (di pensi ons of Dassaqewav C were 1?%80 OWs: w dth
between the ppsition just|g 5eqs @ﬂéﬁﬁp hrough ihe pfoj ect and |t he
exit of the npl ded a t1cl rgX1 e cooling reglon B} 300 hei ght
25 therebetween: 25 mm q$$g in Fig. 1 sojas to g e a
conpression rpati o shown i X.® easefl fromit.be
conpression sp as to give e ease :
Foamed Recovery factor from 95 95
particles compression (%) *1
before .
campression | Average weight of
particles 2.0 2.0
(mg/particle)
Presen f two
on Dscce ° peaks Present Present
Compression ratio of foamed
particles (%) 32 60
Release factor of foamed particles 25
from compression (%) 0 100
Molding | Steam pressure (kg/cr’G) 1.4 1.5
condi.-
tions Line speed (m/min) 2.0 2.0
s Stably operated
Operating state of molding godlwn_]thout though great
apparatus o st team ge leakage of
steam occurred
Fusion bonding
property of foamed O O
particles *2
Properties
of molded |Density (g/cm’) 0.026 0.033
article
Density ratio *3 0.77 0.61
Appearance Good Good




R,

34 “factor from conpression shown in Tabl'e 3 (using proj ections of

the type illustrated in Fig. 2). The thus-treated foanmed particles
were heated with heating steamwhil e transferring themthrough the
super heated 5 steamfeeding region S by hol ding them between the belts
3 and 5. The line speed and steam press#%® in the nol di ng are shown
collectively in Table 3. In this exanpl e, suction under reduced
pressure was pggggéged in the sucking sections 9 situated at the
upstream and wnstream si des of the super heated steamfeedi ng

regi on. *6 « , _

Tagle 3 6: An uncrosslinked linear low déﬁ%ﬁ%?ep%lYeE%%%?nExanple 3
Uncrosslinked gbhpb88&- of a random copolymer of 98.2 mol% ofpéﬁﬂ%héﬁs
random copol yner Bul k d%n3| ty (g/cnferr]) 0.041

0.041 and 1.8Nm61YabraiimetEgEpéhtene-1,21i0e., a resin Ba¥ing a

of particles (atn) Foaned Recovery factor from 85

70 particles def8NBYEsEi 009£8) g/dmehOMB1EANY BoIneNofAY QUG Ganii Pt Of
particles 1.8 1.8 (mg/ particle)
Presence of tvmeptaklow r&tes¢atcording t&r&E8NK 6748-1981, papagb&phcurve
4.4) of 1.3 g/10 min. |
Comparative Example 4:
Molding was conducted by using an apparatus having
10 no compression-releasing means (i.e. an apparatus having
no projection) and the same foamed particles as those
used in Example 4 and selecting other molding conditions
in such a manner that a molded article of good guality
can be provided Qhen the mélding is conducted at the same
15 1line speed as‘in Examplé 4. The properties of the foamed
particles used, molding conditions and the properties of
the molded article obtained are shown collectively in
Table 4.
As described above, the methods of the present
20 invention have the following excellent effects compared
with the conventional methods for producing expansion-
molded articles by continuously molding foamed particles
of a polyolefin resin.
(1) In the cése where foamed particles having an
25 internal air pressure substantially equal to the
atmospheric pressure are used, any conventional method

has required to use foamed particles having an expansion



Conpression ratio of foaned 35 35 particles (O/c)

Rel ease factor of foaned particles 250 250 from
conpression (%9 Ml ding Steam pressure (kg/cn{err]() 3.3

3.3 condi- tions Li ne speed (m m n) .0 2.Q
Qper ati on was Operating state of ¥ ding Good mnthout unst abl e due
to Operating state of nol ding any | eakage I ntem ttent apparatus
of steam r&@ﬁgaQSnQid ra%ﬁy higher than the intended expansion

st eam Fusi on property of foanmed

O PALiHCLEStAE resulting molded article. i&fdr@i’ﬁﬁ fsopgties
occurred of nol ded Density (g/cnferr]) 0. periodically
article methodDePAsSthy pBésént 3invention, h@wﬁaer, the degree of
Appear ance Good Poor

36 ( Not eyeductiofi Sin fekpansitmvragie ol theoresubting mddfedar] C, an
et hyl ene content of 2.4 wt.%and a nelt flow rate (according

to JIS K 6B47-4PBiclepacagpapéd 4wBih othd Oegpdfision. ratbo &Pnpheadbrigihaanpl e
3: Mol di ng was conducted under the sane conditions as in
Exanpl e 3 excefvamedtpaovtielbepacan chbesmadéef smahl, i so that thkeoerpansihonor
from conpressi on were used. The properties of the foanmed particles

used, nol di ng ratio of foamed particles used in molding can be preset
low, thus leading to the improvement of productivity in
the step of producing foamed particles.

10 (2) Even in the case where foamed particles, to
which an internal air pressure has been applied, are used,
according to the method of the present invention, a
molded article having the intended expansion ratio can be
obtained with foamed particles having an internal air

15 pressure lowe£ than thaf in the conventional method.
Therefore, the time required to cool the molded article
can be shortened, so that a molded article of good
quality can be obtained without causing tertiary
expansion (undesirable expansion of the molded article

20 due to insufficient cooling) even when the line speed in
the molding is increased, resulting in a great
improvement in productivity. Since the internal air
pressure of the foamed particles can be preset low, a
pressurizing tank used for applying an internal air

25 pressure may not have so high pressure resistance, and
the time required to apply the internal air pressure may

also be shortened.



10 conditions and the properties of the nolded article obt ai ned are
shown collectively in Table 3. As apparent fromthe results
shown in Table 3, a nol ded article of good quality could be obtained
wi t hout any problemin Exanple 3 nqging use of the foamed 15 =
particles the recovery factor from conpréession of which exceeded 80%
whil e any nolded article of good quality could not be obtained in
Conpar ative Exanple 33yalicedrditg to the meehbaaogdthar prekeatt he recovery
factor from conpressi on of which was | ower than 80% because short 20
shot of the fodmeéngdon,Clthe compriesdipsy apppildeld to the foamad e 4:

Foaned particles shown in Table 4 were conpressed In the sane

appar at us (di mpasitdedest hass beganajréady eemoved iinedhes hiealtliogs regidnh

bet ween the position just after 25 passed through the projections and the
exit of the noMThedefore,arthiec heating siteamduilly regcbesBinefrnalilyhei ght

t herebetween: 25 nmm) as that illustrated in Fig. 1 so as
37 t 0 i véikuatedr £oamed paritdcdleswecompared with Lhe miedhod in
rel eased fromthe conpression so as to give a rel ease factor from

conpr essi on sh¥idchn compresgedusioaged pargigilest aynshentede asythey are.

Illustrated in Fig. 2). The
As a result, the secondary expandability and fusion

bonding property of the foamed particles are improved, so
that molding with steam lower in pressure compared with
10 the conventional method bécomes feasible.

(4) Since a molded article having a high expansion
ratio can be obtained in a state that the foamed
particles have been compressed to a great extent to
enhance steam-sealing property, the operating state of

15 the molding ;bparatus éan be improved because steam can
be prevented from leaking out toward the particle-feeding
region.

(5) Since productivity is improved to a great
extent compared with the batch type molding process, and

20 automatic molding also becomes feasible, production cost
can be reduced to a grea; extent. Further, a molded
article of continuous length, which has been difficult to
be obtained by the conventional batch type molding
process, can be produced, and the production of a

25 composite panel obtained by laminating a synthetic resin

film on the surface of the molded article can also be

conducted continuously and efficiently, so that the



5 thus-treated foamed particles were heated with heating  steam while

transferring themthrough the super heated steam feeding region S by
hol di ng t hem between the belts 3 and 5. The line speed and st eam
pressure in the mol di ng are shown collectively in Table 4. In this 10
exanpl e, suction under reduced pressure4fas perforned in t he sucking -
sections 9 situated at the upstream and downst ream si des of the super
heat ed steamf [ Leqi on, . - 38

Tabl e 4 S%%dﬂ%tl%g %Bst of a composite pEQS%ngmErlséSﬁb.a@xgnple 4
Uncr ossti nked | pgar f e sien* .

density polyethyﬁgnethg molded a§%§%1§ £ gﬁsfpg %BfﬁﬁFePPfflcles qg'&?e
Internal air pLeISYi8fin rés 1so be Red of particles
(atm) Foaned b §B Recovery ?gc?gP ?rso © gged' : 95 particles
conpression (% *1 before conpression Average wei ght of

particles 2.0 2.0 (ng/ particle)
Presence of two peaks Pr esent Pr esent on DSC curve
Conmpression ratio of foanmed 32 60 particles (%

Rel ease factor of foaned partlcles 250 100 from conpression

(9



Mol di ng Steam pressure (kg/cnierr]Q 1.4 1.5 condi -
tions Li ne speed (nifmn) 2.0 2.0

Good without Stably operated Operating state of nol ding any | eakage
t hough great apparatus of steam | eakage of,

st eam occurred Fusi on bondi rff3 property of foamed
@) particles *2 Properties of nolded Density

O .
(g/cnferr]) WHAT IS CLRTIMEP Is: 0.033 article Density
ratio *3 0.77 0.61 Appear ance

Good Good 39 (Not e)
*6: An uncrosslinked linear | ow density pol yethyl ene conposed of a

random copol ynmer of 98. 22 idfAcd £6PYESRELnuous1fNPrdadciRy %an!
4- et hyl pentene-1, i.e., a resin having a 5 ensity of 0.929 g/cnferr],

a nel ting poi nexpans2éhemoll@edndriéicle, Whlichf lcompirises( FeeaitighEdamed S K
6748- 1981, paragraph 4.4) of 1.3 g/10 mn. Conpar ati ve Exanpl e 4.
Mol di ng wass copdrrttiellebybetwagnaa bpfar gontihavusly ifaveling along the
conpressi on-rel easing nmeans (i.e. an apparatus having no projection)
and the sane fopped purfackewisbinhespassagewayddefihedTplye st¢racdusallecti ng
ot her nol di ng conditions i n such a manner that a nolded article of
good quality members and having a rectangular form in section and a
belt dontinuously traveling along the lower surface
within the passageway, and then causing the foamed
10 particles to successively pass through a super heated
steam-feeding region and a cooling region within the
passageway, characterized in that the foamed particles
used are foamed particles of a polyolefih resin, in which
a recovery factor from compression defined by the
15 following equ;tion (1);
Recovery factor from compression (%) = V,/V; x 100 (1)
wherein V; is the original bulk volume of the foamed
particles, and V, is a bulk volumeﬂﬁf the foamed
particles measured upon elapsed time of 10 seconds after
20 the foamed particles are compressed to a bulk volume of
60% on the original bulk volume, and the compressive
force is then removed, is at least 80%, and said foamed
particles are transferred to the super heated steam-
feeding region after the foamed particles are compressed
25 on the upstream side of the super heated steam-feeding

region, and then released from a part or the whole of the

compression.
—_—

g



can be provided when the nolding is conducted at the sane 15 |ine speed
as in Exanple 4. The properties of the foaned particles used, nolding
conditions and the properties of the nol ded article obtained are shown
collectively in Tabl e 4. As descri bed above, the nethods of
the present 20 invention have the fol 4dwi ng excellent effects conpared
with the conventional nethods for producing expansion- nol ded articles

by continuously ol djng llfr%a%%part [ a\ﬂgn t %pl yol‘&{é re%tﬂa

(1) In the case where’ foane i‘nternal " ait pressure

substantially f&ﬁﬁédtﬁai-'ﬂf cles afé"® %H{Jféé&e&rﬁésa'dﬁufiewiﬁ&% 88Y10-

conventi onal has required to use foaned particles having an
expansi on 60% on the original bulk volume on #f% u os£&€sbgerably
hi gher than the intended expansion -rat1o of the res tlng no

article. Accorgh8dshperBeated FBLARIFOEAING PESBGR 1 nvention, however,

t he degree of reduction in expansion ratio of the resultlng nol ded 5
article compared with the expansion ratio of the original f oanmed
particles can be made small, so that the expansion rati o of foaned

particles used in noddi IThec alethedpaeseirding too\@laifud ,| ed@diredn aHehe

| mprovenent of productivity in
compression applied to the foamed particles on the
upstream side of the super heated steam-feeding region is
removed in such a manner that a release factor from

10 compression defined by the following equation (2):

Release factor from compression (%) = b/a x 100 (2)
wherein a is a sectional area of a space at the place
where the foamed particle are most compressed on the
upstream side of the super heated steam-feeding region,

15 and b is a sectlonal area of an exit of the molded

article from the cooling region, is at least 150%.

4. The method according to Claim 1, wherein the
area of a section of the passageway perpendicular to the
20 direction, in which the foamed particles are transferred,
is kept substantially constant on the downstream side
from the starting point of the super heated steam-feeding

region until the molded article is fully cooled.

25 5. The method according to Claim 1, wherein steam
or/and drain within the passageway are sucked under

reduced pressure on the upstream side of the super heated

* € L M s *



the step of producing foanmed particles. 10 (2) Even in the case
where foaned particles, to which an internal air pressure has been
appl i ed, are used, according to the nethod of the present invention, a
nol ded article having the intended expaqfion rati o can be obt ai ned

wi th foamed particles having an internal*Xir 15 pressure | ower than that

I n the conventional nethod. Therefore, the tine required to cool the

nol ded article steam-£@! dgﬁgs %@&%@doxs Bnt %?Egaygglt%w%&id(: ld%ﬂst&%%qn

gqual ity can be obtal ned w thout” causing tertiar expansi on

(undesirabl e expaRs oF ¢he! 3ape®! Hedtad! stbim-28eqdny edidnuf fici ent
cooling) even when the |line speed in the nmol ding is’increased,
resulting in a great I mprovenent in productivity. Since the internal
air pressure of the foaned particles can be preset |low, a

pressurizing tank used fThe apptiodJaccording ed @idim2P, WhE&B&UhEtABY not
have so hi gh pressure resistance, and the tinme required to apply the
internal aif pbedkudensiyy of thes@obmeahpairefiedes of the polyolefin

41 (3) According to the nethod of the present i nventi on,.
t he conpressi omeappl aedat rawhmateatdad is 0.parDi.o0bésgiiem®*been al r eady
renoved in the heating region. Therefore, the heating steamfully
reaches internally

7. The method according to Claim 1, wherein the
foamed particles of the polyolefin resin are foamed
10 particles formed of an uncrosslinked polypropylene resin
of uncrosslinked polyethylene resin as a base resin and
" having two endothermic peaks on a DSC curve obtained by

their differential scanning calorimetry.

15 8. .The.method acéording to Claim 1, wherein the
upper and lower belts are so constructed that a space
between them becomes narrower toward the direction of the
passageway from the feeding side of the foamed particles,
and the foamed particles fed between said belts are

20 compressed while they are being transferred, released
from a part or the whole of the-compression by causing
the foamed particles to pass through between inclined
plates provided in such a manner that the space becomes
wider toward the direction of the passageway. and then

25 transferred to the super heated steam-feeding region.

9. The method according to Claim 1, wherein at



5 situated foanmed particles conpared with the nethod in whi ch
conpressed foaned particles are heated as they are. As a result, the
secondary expandability and fusion bondi ng property of the foaned
particles are inproved, so t hat nnl%ing wWith steam|ower in pressure
conmpared with 10 the conventi onal met hd® becomes feasi bl e. (4)
Since a nolded article having a high expansion rati o can be obtai ned

in a state thateddte danBbjectidiris Qsvided MeRire Ay eages tieat ¢l eat
extent to enhance steamsealing property, the operating state of 15

the nol di ng apprsaiuteedind erediomy athd etlieiSFoamiahpancles dee pravsed ed
froml eaking out toward the particle-feeding regi on. (5)

Si nce product ito tpass thpouwyledtlieo prajesition pamriki etexmshpdhe Tdvamed he
batch type nol ding process, and 20 autonmatic nol ding al so becones

feasi bl e, prodatiizilensare compressesl ranfliceelleased ffrom theent. Further, a
nol ded article of continuous |ength, which has been difficult to

be obt ai ned bycanpressiemii onal batch type nol ding process, can be
produced, and the production of a 25 conposite panel obtained by

| am nating a synthetic resin filmon the surface of the nolded article

can al so be conduct ed continuously and efficiently, so that the
0. The method according to Claim 9, wherein at

least one projection is provided on each of the upper and
lower sides before the super heated steam-feeding region
10 with the positions of the projections staggered, and the
foamed particles are caused to pass through the
projection part, whereby the foamed particles are

compressed and released from the compression.

15 11. Thexmethod acéording to Claim 9, wherein é
plurality of projections are alternately provided on the
upper and lower sides before the super heated steam-
feeding region in such a manner that the height of the
projection becomes lower toward the direction of the.

20 super heated steam-feeding region from the feeding side
of the foamed particles, and the foamed particles are
caused to pass through the projection part, whereby the
foamed particles are compressed and released from the
compression.

25

12. The method according to Claim 9, wherein a

plurality of projections are alternately provided on the

R



42 production cost of a conposite panel conprising, as a core, the

nmol ded article fromthe foaned particles of the polyolef in resin can also
be reduced. 43 VWHAT | S CLAI MED
| S: 1. A nethod for contipgyously producing an 2
expansi on-nol ded article, which conprlséz f eedi ng foaned 5 particles
between a belt continuously traveling along the upper surface within

a passageway qgfddiedndy 1Wéi€téi!dtls beford e supid Humidw stdant angul ar
formin section and a belt continuously traveling along the | ower

surface fdddiiny ey ivis Sageish anthian s ite theidmaret tHd
particles to successively pass through a super heated st eam f eedi ng

regi on and a q¥jduilci)ivEcomdshiiidher towardadsagbinmctidmraftidie zed in
that the foaned particles used are foamed particles of a polyolefin
resin, in whi guper heatead cheam- fferaliorg freyharo nfrrass sihen fbeddimgl ddde he 15
follow ng equation (1): Recovery factor from conpressi-on (% =
V[err]/V[ebr] of 1@ foaned partidies, randg dthd ficamead partyiclas A&« vol une
of the foaned particles, and V[err] is a bulk volune of the foaned
particl es neasi@ausedipgon pasgpdduraughe e proiesiidn gaxy. whereby the

foamed particles are compressed and released from the

compression.

10 13. The method according to Claim 9, wherein a
Plurality of projections are alternately provided on the
upper and lower sides before the super heated steam-
feeding region in such a manner that the height of the
projection becomes higher toward the direction of the

15 super heated ;team—feeding region from the feeding side
of the foamed particles, a plurality of projections are
then alternately provided on the upper and lower sides in
such a manner that the height of the projection becomes
lower toward the direction of the super heated steam-

20 feeding region from the feeding side of the foamed
particles, and the foamed particles are caused to pass
through the projection parts, whereby the foamed
particles are compressed and released from the
compression.

25

14. The method'according to Claim 1, wherein the

foamed particles are compressed and released from the

AR



20 the foaned particles are conpressed to a bul k vol une of 60% on t he
original bulk volune, and the conpressive force is then renoved, is at
| east- 80% and sai d foaned particles are transferred to the super

heat ed steam feeding region after,the foaned particles are conpressed
25 on the upstream side of the super heated steamfeeding regi on, and
then released froma part or the whole of the conpr essi on.

44 cofrprB¥E 1R B a¥C (l%ra@'tn %n%o pge%'smrBllV\Aiﬁ*cﬁ'ﬂléd‘ ®efore foanmed
articles are conpressed t0 a bul k vol une of - oon the origina
particl o dta a bul K 60% on th gi nal

bul k vol une oRneh&uprst heatedl @¢edin- feedlnbhgéym@ﬁ’ heat ed steamfeedi ng
regi on. 5 3. The nmethod according to Claim1, wherein the

conpression applied to the foaned particles on the upstream si de of
t he super heated steamfeeding region is removed in such a nmanner
that a rel ease factuar. fThermébhodoaptesding tefChaimby, t Whetelihothag
equation (2): Rel ease factor from conpression (%9 = b/a x 100 (2)
wherein a 5s fomeekd paaltiaes afrea coppressed by @l screw feedear davimdg oaned
particle are nost conpressed on the upstream si de of the super heated
st eam f eedi ngar egirew, the pitch of which becomés narrower toward the

tip, and then released from the compression by widening

the space through which the foamed particles pass.

10 16. An apparatus for continuocusly producing an
expansion-molded article by feeding foamed particles
between a belt continuously traveling along the upper
surface within a passageway defined by structural members
and having a rectangular form in section and a belt

15 continuously travellng along the lower surface within the
passageway, and then causing the foamed particles to
successively pass through a super heated steam-feeding
region and a cooling region within the passageway,
characterized in that a compressing means for compressing

20 the foamed particles and a compression-releasing means
_for removing a part or the whole of the compression are
provided within the passageway on the upstream side of

the super heated steam-feeding region.

25 17. The apparatus according to Claim 16, wherein
the sectional area of the passageway is kept

substantially constant on the downstream side from the

G W




15 and b is a sectional area of an exit of the nol ded article from
the cooling region, is at |east 150% 4. The nmethod according
to Claim1, wherein the area of a section of the passageway
perpendicular to the 20 direction, in gni ch the foaned particles area
transferred, i s kept substantially™®constant on the downstream si de
fromthe starting point of the super heated steamfeeding region until

the ol ded ar idight singy it GOhIS supedd heated steallTLBRIMRS AGHRui ng to

Claim1, wherein steam or/and drain within the passageway are sucked

under recindad RINRS Hlo1R1eRN airftd s tilse FRISd@ddfiddie super heat ed

45 steam feeding region, or on both upstream and downstream

si des of the super heated steamfeeding region. 6. The net hod

according to Caim1, wherein the 5 bulk density of the foanmed particles

of the pol yol a@.n The appagatussaacoadingt €oi lalim 26)9whefB8&ngacnierr].

7. The nethod according to Caiml1, wherein the foanmed particles of

t he pol yol ®f i racesim saxck ifnga medns] @ orp atemiomiag fsdreand cof/aad drarioss! i nked

pol ypropyl ene resin _
within the passageway is provided on the upstream side of

the super heated steam-feeding region, or on both
upstream and downstream sides of the super heated steam-

feeding region.

S
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or uncrosslinked pol yet hyl ene resin as a base resin and havi ng two

endot herm ¢ peaks on a DSC curve obtai ned by their differential
scanni ng cal orinetry. 15 8. The method according to Claim]1,
wherein the upper and |ower belts afg so constructed that a space -
bet ween t hem becones narrower toward _the direction of the passageway
fromthe feeding side of the foaned ﬁﬁﬁﬂEﬁQE; and the foaned
particles fed between said belts are gpressed whil e they are being
transferred, released METHPD,AND £P9R@FU§h OB SIRODBICINGe conpr essi on by

causi ng t he foaned partF@P@§SF9Np§9§QﬁQ’ GB& ween i nclined

pl ates provided in such a manner that the space becones w der toward
the direction of theDpedhegedalioraia inen method rfemfeoneinuoushy super

heat ed steam feeding, region. 9. The nmethod according to Claim
leamhere|n at produginggan expansion-molded article, ggomprisinggfeeding

prOJectlon rOV|&ed before the sugn aheated st eam f eedi ng region,

and the fod %%?? cPREtiFles Jbetywe P%lba§%n¥¥H¥REﬁQYhﬁr§V9 &89 on

I ressed and_rel eased from
Pﬁ;t’ ghggﬁg¥e% ?%% @HE upper gur ageegl fh a passageway defined by

structural members and having a rectangﬁlar form in
section and a belt continuously traveling along the lower
surface withip the passageway, and then causing the

lb foamed particles to successively pass through a super
heated steam-feeding region and a cooling region within
the passageway. The foamed particles used are foamed
particles of a polyolefin résin, in which a recovery
factor from compression defined by the equation (1):

15 Recovery factSr from coﬁpression (%) = Vo/V; x 100 (1)
wherein V; is the original bulk volume of the foamed
particles, and V, is a bulk volume of -the foamed
particles measured upon elapsed time of 10 seconds after
the foamed particles are compressed to a bulk volume of

20 60% on the original bulk volume, and the compressive
force is then removed, is at least 80%. The foamed
particles are transferred to the guper heated steam-
feeding region after the foamed particles are compressed
on the upstream side of the super heated steam-feeding

25 region, and then released from a part or the whole of the
compression. An apparatus for producing the expansion-

molded article is also disclosed.

Figure : None



10. The method according to Claim@9, wherein at | east one projection
is provided on each of the upper and | oner sides before the super
heated steamfeeding region 10 wth the positions of the projections
staggered, and the f oamed particlei gre caused to pass through the
projection part, whereby the foaned par /& es are conpressed and

rel eased fromthe conpression. 15 11. The nmethod according to
Claim9, wherein a plurality of projections are alternately provided
on the upper and | ower sides before the super heated steam

feeding region in such a manner that the height of the proj ection
becones |l ower toward the direction of the 20 super heated steamfeeding
region fromthe feeding side of the foaned particles, and the foaned
particles are caused to pass through the projection part, whereby the
foamed particles are conpressed rel edsed fromthea conpression. 25
12. The method according to ergin Fhraj&§y of
projections are alternately pro i ded ON_t e 0 o~
47 upper and | ower sides Pt -

FIG. 1
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feeding region in such a manner that the hei ght of the proj ection
becones higher toward the direction of the super heated steamfeeding
region fromthe feeding side 5 of the foanmed particles, and the foaned

particles are

foamed particles are conpressed and rel

caused

to pass througz the projection part, whereby -the
ded fromthe conpr essi on.

10 13. The nmethod according to aim9, wherein a “plurality of
projections are alternately provided on the upper and | ower sides

before the super
t he hei ght of the

foamed particles,

heat ed st eam feeding region in such a manner t hat

proj ection beconmes higher toward the direction of
the 15 super heated steamfeeding region fromthe feeding side of the

a plural

ity of proFcLiGns Ze then alternately
provi ded on the upper and | ower sided i . uch a manner that the height

of the projection
heat ed steam 20

particles, and the foa

proj ection parts,
rel eased fromthe

to Caim1l, wherei

fromthe

becones.
f eedi g

| ower toward the direction of the super
region fromthe feeding side of the foaned

particlgs are caused to pass t hrough t he
wher eby t he foaSed particles are conpressed and
onpressiong. 25 14. The met hod accordi ng
‘ f{cles are cogpressed and rel eased
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48 conpression by at |east one press roll provided before t he
super heated steamfeedi ng region. 15. The nmethod according to
Claim 1, wherein the 5 foaned particles are conpressed by a screw feeder
havi ng a screw the pitch of which S?gones narrower toward the -
tip, and then rel eased fromthe conpres n by wi deni ng t he space
through which the foaned particles pass. 16. An apparatus for
conti nuously produci ng an expansi on- nDIded article by feeding foaned
particles between a belt continuously traveling along the upper
surface within a passageway defined by structural nenbers and having a
rectangular formin section and a belt 15 continuously traveling along the
| ower surface within the pass , agd then causing the foaned
particles to successively pangah ughlla super heated steamfeeding
region and a cooling region wthin the passagemay, characterized in
that a conpressing ngaps for conpressing 20 the foamed particles and a
conpr essi on-r el easi ngy means g for renmoving a part or the whole of the

conpression are rovided wthin the passageway on the upstream si de of
the super heate f ' ' 14 6
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25 17. The apparatus according to Caim 16, wherein t he

sectional area of the passageway is kept . substantially constant on the
downstream side fromthe 49

starting point of the super heated ste?ghfeeding regi on until the =

nol ded article is fully cool ed. . The apparatus according'to Caim
16, wherein a 5 vacuum sucking neans for renoving steamor/and drain

wi thin the passageway is provided on the upstream side of t he super

heat ed steam feeding region, or on both upstream and downstream si des
of the super heated steam f eedi ng region.

FIG. 6
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