TI TLE OF THé | NVENTI ON EXPANDED RESI N BEADS BACKGROUND COF THE

‘| NVENTI ON ' - The present invention relates t pgode Si ads. -
Particularly, the present invention relates to g) (ﬁ si&e Sl ng v
excel | ent fusion-bonding properties, therefore affab 0 A t he
I

nol di ng tenperature in production of itn- ol ded articles:?%§§? pabl e
of providj éIB% d% Qgﬂcts havi ng excel | ent mech a her mal
properti es: sin beads are used mﬁde[yiga mat eri al
for a variety qf | dp%%ﬁguégzgguch as insulators, cushionin cores,
etc., because t Si a e capable of assum ng any desired shape

and also lowin heat conductivity due to their closed-cell structure. As
t hernopl astic resin constituting these expanded resin beads, polyethylene,
pol ypropyl ene, polystyrene and the |ike are wusually used. In case

v Y INYENEION:h as pol ypropyl ene-based resin is used

for the expanded resin beads, however, hi gh-pressure steam of, ov 2
kg/chCXChEge) The present invention relateg tg expandeg reégn beaég.
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Particularly, the present invention rélates to expanded resin
beads having excellent fusion-bonding properties, therefore
capable of lowering the molding temperature in production of-
in-molded articles and also capable of proﬁiding the molded
products having excellent mechanical and thermal prbperties.

Expanded resin beads are used widely as molding material
for a variety of molded products such as insulators,
qﬁshidnings, cﬁres, etc., because thése resin beads are
capable of assuming any desired shape and also low in heat
conductivity due to their closed-cell structure. As
thermoplastic resin constituting these expanded resin beads,
polyethylene, polypropylene, polystyrene and the.like are
usually used.

In case where a high-melting point resin such as

polypropylene-based resin is used for the expanded resin beads,

however, high-pressure steam of over 2 kg/cm?G (Gauge) is
required for providing a pressure needed for donducting
fusion-bonding of the expanded resin beads to each other
during in-mold operations because the melting point of the
said type of resin is usuallylnot less than 135°C. The above

molding condition causes the disadvantages such as increased



required for providing a pressure needed for conducting fusion-bonding of
the expanded resin beads to each other during in-nold operations because
the nelting point of the said type of resin is usually not |ess than
185[err] C. The above nolding conditioqzcauses t he di sadvant ages such as. -
i ncreased : e -2- nolding cost and

pr ol onged di ng cycle., Al's in.the.ga he anded S| eads
conﬁosed?§¥i Iﬁ?SHF#éPPPnErBEPHFedrE }ﬁlégc' é%éhe%@%%heg%ag%%é?gggnolding
machi ne of _high cl anpi pr.essur e equi pped.w th_a hi.gh- pr.essure .st.eam
control @¥st er’?aﬂ%ﬂn %gﬁlﬁei’ﬁﬁgé Eﬂ@Bgﬁ?‘a ?ép%alyfgk?-éﬁﬁhtlﬁq@g S lEtlr'e
i ncapabl e of, nol ding with an in-nmpld expansiqQn nol di.ng machi.ne, for
expanded FRFVRtSHEh&SFet1eaeRofPRYBu| rW?iaéﬁﬁ T?F##h? %ﬁkblgh On the
ot her hand, po] yethyl ene type resins, have an advantages in which the
st eam pr eSLAUTRLIE RESERTR PIPRSH WELE BnRESRTPTRE TS READ ST Hesi n
beads can be |ow (below 2 kg/cnRG because the nelting, pqint_of the
pol yet hy| yeteny pes dfequigsichbecausgnwthBeFand108Per of gesSimdeadsud®dh a
nol di ng machi ne for expanded pol ystyrene .can be used with substantially no

incapable of molding with an in-mold expansion molding machine

for expanded polystyrene which is now popularly used in the

art.

On the other hand, polyethylene type resins, have an
advantages in which the steam pressure required for mutual

fusion-bonding of the expanded resin beads can be low (below 2

kg/cm2G) because the meltiﬁg point of the polyethylene type of -
resins is low (below 125°C), and in which a molding machiﬁe'
for expanded polystyrene can be used with substantially no
need of changing its specification. However, the expansioﬁ
molded products of the polyetﬁylene type resiﬁs are low in
heat resistance because of low melting point of such.resins,
and especially the highly expanded molded articles are small
in energy absorbing capacity. Therefore, practical |
applicatibn of thé.expansion molded products made from the
polyethylene type resin has been limited td low—expansioﬁ uses,
and there is a disadvéntaée of these products in comparison
with the'expansion_molded articles made of other thermoplastic
resins.

As a.result of.the present inventors' earnest studies to

solve the above problems, it has beeh found that the expansion



need - of changing its specification. However, the expansion nolded products
of the polyethylene type resins are lowin heat resistance because of | ow
melting point of such resins, and éspecially the highly expanded nol ded
articles are small in energy absorbing, capacity. Therefore, practical
application of the expansion nol ded prbﬁﬁcts made fromthe polyéthylene

type resin s.been limted to | ow expansi.on_uses,.._and .there 4s

di sadvant ’aaﬂg%é T S5 &S p%emmsgﬁ-ﬁivi SBREOYFEn iR h%e%Q%gln%}lo | ded
articles made of other therpoplastic resins. . a.result of the
present | ROBHIRdF PLRELIESS Qlfu)éﬁsé§gt 8Xp§8fi§é Fﬁﬁlﬁb]B%Ag%r‘ﬁ%’r , it has
been found that the expansion |, L ) ) - 3-

mol ded ar EPEPELSArR Giéh GIRERAISH OB SPeFLEACnERRER! cEre 7RI tFRA Sl
properties by using expanded resin beads which conprise a core conprising
a speci fibeiRgiin amexppngeghstatsei AR A SRAEXPANBEHSERS 12, SREREHL T oat
conprising a specific polyner, the said coat being in a substantially
non- expanpelymex attthe Fasdhopsgnibeingedni ansHlstprbRadly apertE@RRdRA basi s

of the above finding. )
~ state. The present invention has been attained on the basis

of the above finding.

SUMMAR? QF THE INVENTION

An object of the present invention is to_provide
expanded resin beads which are capable of providing a molding
products having thé.same'properties as obtained by other
expansion molding articles, and having high heat resistancel
when the molding products is produced by using a molding
machine of low clamping pressure.

To accomplish the aim, in an aspect of the present
invention, there is provided an expanded resin bead
comprising:

a core which comprises a crystalline thermoplastic resin
and is in an expanded state, and

a coat which comprises an ethylene-based polymer which
is lower ih melﬁing point than said thermoplastic resin or
shows substantially no melting point, and which coat is in a -

substantially unexpanded state.



SUMVARY OF THE | NVENTI ON "An object of the present invention is to
provi de - expanded resin beads which are capabl e of providing a nolding
products having the sanme properties as obtained by other expansion nol ding
articles, and having high heat resistance when the nolding products is

produced by u5|ng a mol ding machine Rk ow cl anpi ng pressure. Ta
or oo Req Lol Hndc R8P0 oBh LiFmRRESET TMVELLOL LNELE S s
2 Cost uhi ch odi @%se%%' SRR S RIS TRIIFS (S St P el i ng
ot and whi Sw#%‘%&%%%h'r%siéﬁiaéeéﬁepéé‘?%ﬁaiéﬁéé et

-4- DETAILED DESCRI PTI ON OF THE | NVENTI ON The present invention is

expl ai nediVERHGIRR désaid CRBPERite strucq%e SPIRTFLRE A (PP d ™ Cording to-
t he present
coat thereon. The core comprlses.a crystalline thermoplastic -

resin. Examples of the crystalline thermoplastic resins
usabie for the core include polyprbpylene-based resins,
polybuteneébased.resins, polymethylpentene-based resins,
polyester-based resiné, polyamide-based resins, fluorine-based
resins, and crystalline styrene-based resins. Among them,

propylene homopolymer or random or block copolymers of

propylene and a-olefins other than propylene.

The coat comprises an ethylene-based polymer which is
" lower in melting point than the said crystalline thermoplastic
resin or shows substantially no melting point. Examples of
.such low-melting point ethylene-based polymers include high-
pressure—processed 1ow—dehsity-polyethylenes, linear low-
density polyethylenes, linear ultralow-density polyethylenes,
and copolymers of ethylene and vinyl acetate, unsaturated
carboxylic acid esters, unsaturated carboxylié aqids, vinyl
alcohol or the like. |
Examples of the said ethylene-based polymers showing
substantially no melting ﬁoint include.;ubbers and elastomers
such as ethylene propyléne rubber, ethylene propylene diene
rubber, ethylene acryiic'fubber, chlorinated polyethylene |

rubber and chlorosulfonated polyethylene rubber. These



I nvention has a conposite structure conprising a core and a coat thereon
The core conprises a crystalline thernoplastic resin. Exanples of the
crystalline thernoplastic resins usable for the core include

pol ypropyl ene- based resins, polybuteng:based resins,

polynethylpentene based resins, polyes er-based resins, polyamn de-based

resins, | Y. . gsins. Anmong

t hem ro&&leér%% E%%Se%opoﬁghgés ﬁgﬁd%%n 12% éc%p% rfiﬁ:e d propyl ene
and a oIefJ s..oth han propyl epe The coat conprises an
thylenquﬁkﬁfe(ﬂ &@P whi &R 9& ?IBMS? |n neltlng p0|nt than the said

crystalline thernopl as stantl no nelting point.
Exanpl es of ﬁg‘ﬂh thiﬁ/v-a#& V& r?g'{%‘b'gle ?ﬁ? 36%’@%% Jr Tseslsrﬁﬁeude hi gh-
pressure-processed | ow_density eth | enes,. linear_ 1o nsity

ol y ot ny IBHEES4th Ao GEEe S F By PLKEE TV L BEFS o1 Aot oW SIRRamo yrer s of

et hyl ene and vi_nyl acetate, ,unsaturated rbox lic . ac sters
unsatureﬂQRﬂXﬁﬂh%%@ﬂqsca§@1aéneéFnVFtr%¥€%ﬁ€¢n§& }X?éLY enes arEkaanes
of the said ethyl ene-based pol yners showi ng. substantially_no neltlng poi nt
i ncl ude remPEEathd 2Pasgokel, Lirepnlt1HansidyYpPodyeshylensserndet hyl ene
propyl ene diene rubber, ethylene acrylic rubber, chlorinated polyethylene
rubber admnﬁﬁnnuiﬁnalﬂmmdg@sp@yy@@hyeéhzl¢%%%é@olmmﬁ%&¥e by using a -

metallocene catalyst are especially preferred. In the present
invention, an ethylene—baSed_polymer composition comprising an
ethylene-based polymer and a crystalline'thermoplastic.resin

- of the same type aé used for the core is also suited fér
formihg the coat. Use of such an ethylene-based polymer
composition has an advantage of improving adhesion betWeen the
core and its coat.

In the present invention, the amount of the said
crystalline thermoplas;ic resin ﬁsed is usually 1 to 100 parts
by weight based on 100 parts by weight of the ethylene-based
polymer. When the ratio of the thermoplastic resin exceeds
100 parts by weight, the séa—and—island structure of the coat
varies, causing the crystalline thermoplastic résin to
constitute a contifnuous sea phase, so.that the in-mold steam
pressure can not be reduced significanﬁly. The preferred
amount.of the thermoplastic resin is 1 to 50 parts-by weight
baéed on 100 parté by.weiéht-of the ethylene-based polymer.

In the presént inventioh, it is preferable to select én

ethylene-based polymer whose melting point is at least 15°C



-5-  ethyl ene-based polyners may be used either singly or as a m xture of
two or nore of them As the above ethyl ene-based pol yners,

hi gh- pressure- processed | owdensity pol yethyl enes, |inear |owdensity
pol yet hyl enes and |inear ultral owdensity polyethylenes are preferred.
Among them linear |owdensity polyethytenes and |inear ultral owdensity

pol yet hyl enes p i zed b l.n net.al |l ocene_cat al g cial ly
preferredf tﬁhgq?iﬁﬁa ﬁdiﬁpgoﬁheﬁﬂog ﬁ?gbﬁer%%gndy %%ég cohposi tion
conprising an ethyl ol yper d a cr talllneth plastic resin
of the saheet§PfasT E‘? ?g?r? gectr ¢ tjaﬁ‘%é’%tﬂ %‘Fm ng the coat.

Use of such an ethyl ene-based pol yrer osition has an adva a

i mprovi ng® BRIRRRSHPARANRT YIRE ué&f'iefaﬁdt sCeRHt 2 Q she aﬂlellg’reesent

i nvention, the anount of the said: éstal | i ne, ther m)pl ast i C reS| n u,sed S
usual |y 1thermemlastiics rasineises foasEheoRor8oipapratexably At &

et hyl ene-based polynmer. Wen the ratio of the thernoplastic resin exceeds
100 par t smowe vtefirrahle 2e40add’ Cs| dider t Fretsad ifirreasa invari es,

causing the crystalline thernoplastic resin to constitute a continuous sea
phase, somé¢bting woint ris de§§eahan 15°C, there is a risk of cau51ng

expansion of the coat comprising an ethylene-based polymer
~under the conditions in which the crystalline thermoplastic
resin of the core is expaﬁded. |

Further, in the present iﬁvention, the melting point of
the said ethylene-based polymer is usually not more than 125°C
preferably 100 to 125°C. When using an ethylene-based polymer
-whose melting point exceeds 125°C, the steam pressure -required
for molding the expanded resin beads tends to elevate.

In the expaﬁded resin bead according to the present
invention, the thickness of the coat is usually 1 to 150 um,
preferably 10 to 100 um. When ﬁhe thickness of the coat is
less than 1 pm, the reduction of steém pressure:required
during molding may be insufficient. On the other hand; when
the.coat thickness exceeds 150 um, although it is possible to
lower steam pressure for molding, the percentage of the
substantially unexpanded portion of the coat increases,
resulting in a low mechanical strength of the molded product
for the‘expansion degree.

The expanded resin bead according to the present

invention can basically be produced by impregnating a volatile



pressure can not be reduced significantly. The preferred anount of the
thernoplastic resinis 1 to 50 parts by weight based on 100 parts by

wei ght of the ethyl ene-based pol yner. In the present invention, ‘it
is preferable to select an ethylene-bgfgd pol ymer whose nelting point is
at least 15[err]C -6- lower than the
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melting point is |less .than 15[ er ~_there iLs_a,risk aof. gausi expansi on
oF ¢ he' coPeESTR T e ARy FERY  BRSaHR STy REFVIEH JB Tha ORI ane | 1
whi ch the crystalline thernoppl asti, resin.of the core js expanded.

Furt her , PRLEHRS Hudtn(than SRe| SR10 REVRERLTHBS poRramQplagis afgin or

et hyl ene-based pql yner s _usually_not nore than 125[err] C, referably 100
to 125[ er FPeVs \fRRF tAHigldy eonfrdhdngaBednpol reéQ@Ré%P ?rﬁ}ﬁiﬂ nt
exceeds 125[err]C, the steam pressure required for nplding the expanded
resin beaﬂ§9¥%$REF%Q)Q9%RR§%§? structural bead by heating.

As the said volatile expanding agent, -there can be used,

for instance; lower aliphatic hydrocarbons such as propane,
bﬁtane, pentane, heptane; cvclopentane and cyclohexane,
halogenated hydrocarbons such as dichlorodifluoromefhane and
trichloromonofluoromethane, aﬁd inorganic gases such as
.nitrogen, air and carbon dioxide. These expanding agents may
be used either singly or as a combination of two or more of
them.

' Various methods are available for producing the '
composite structural beadé used as starting material of the
expanded resin beads of the present invention. For example, a .
sheathed core-type composite die such és disclosed in Japanese
Patent Publication (KOKOKU)'Nos. 41-16125, 43—23858 and 44-
29522 and Japanese Patent Appliéation Laid-Open (KOKAI) No.
60-185816 can be used. In this case, two sets of extruder are
used, with one of them being used for melting and kneading the.
crystalline thermoplastic resih constituting the éoré.and the
other extruder being used for.meiting and kneading the
ethylene-based polymer.composition constituting the-coat; and

the'said two materials are discharged out:ff%m the die into a



In the expanded resin bead according to the present invention, the

t hi ckness of the coat is usually 1 to 150 [err]m preferably 10 to 100
[err]m Wen the thickness of the coat is less than 1 [err]m the
reduction of steam pressure required dyring nolding may be insufficient.
On the other hand, when the coat thicknhess exceeds 150 [err]m although it

cubbt ant | AR AR 0 Spo BRSO o RACK ot e Rl SR AIRA 112

subst ant i i'nCT eases, I'ng in a low

nechani cal, st th of th ded uct f h ' .
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be produced‘gé | npregnating g volatile,
-7- expéhﬂ$ Qéﬁ%ﬂeqIFQ¥39ﬁﬁ&&§Pt§°§WFBEtE?§Ic%%%d conprising a core
conprising a cr¥stalIine'thernDpLastic resin and a cpat- thereon .,
conpri si ng an ethgH ke Heua Qriajimed FRMBRSESS BREYi A5 Rt FACRAM t han
the said crystalline thernoplastic resin or shows substantially no nelting
poi nt, an€EBRPHeR Rpadee haiag medebinatel- LoRPod? 18I st WRATUMRE bead by
heating. = As the said volatile expanding agent, there can be used,
for instabe@ividyml keddwaichthygr deasbshanslch @8, prlapagrgansion.
molded articles obtained from these beads may lower in
. mechanical strength because the.percéntage of the coat which
serves for effectively reducing steam pressure required for
molding work is increased. On the other hand, when the bead
weight exceeds 10 mg, filling.of the mold with the beads tends
to deteriorate.
As methods for heating and expanding the said sheathed
core-type composite beads impregnated with a Volatile -
éxpanding agent, there can be used, for instance, the methods
.described in Japanese Patent Publication (KOKOKU) Nos. 49-2183 .
and 56-1344, German Patent Nos. 1,285,722A and.2,107,683A, etc.
According to these methods, the sheathed core type
composite beads are put into a closed vessel together with a
volatile expanding agent and heated to a temperature .above the
softening point of the crystalline thermoplastic resin
comprising the core, so that the sald composite beads are
impregnated with the volatile expanding agent. Thereafter,
the contents of the closed vessel are released into aﬁ

atmosphere lower in pressure than the inside of the closed

vessel and then dried to obtain the expanded resin beads of



but ane, pentane, heptane, cycl opentane and cycl ohexane, hal ogenated

hydr ocar bons such as di chl orodi fl uor onet hane and

trichl orononof | uor onet hane, and i norgani c gases such as nitrogen, air and
car bon di oxi de. These expandi ng agentsdmay be used-either singly or as a
conbi nati on of two or nore of them 7~ Various nethods are avail abl e
for prodyging_the .conposite structural beads used as starting material of
the expa e%rﬁggpﬁ 6g§8§£6?nthe present invention. For exanple, a

sheat hed core-type,conposite die such as_djsclosed i.n _Ja se Patent
Publ i cation (Kégé(&eaﬁ&g_g %WSE?;‘}”QS?‘?@B a‘?‘?&’a}ﬁﬁmrté%%%aend Japanese

Pat ent Appli cat,ion_ Lai_d- Qpen ) No. .60-185816 can.be ed. In this
case, thé%ﬂﬂﬂ?%ﬁF ?ﬁ?ﬂﬁdgg_H?égfﬁﬁég?twf?rp?nﬂ?-f QWﬁﬁgﬁ&EFh sed for

mel ti ng and kneadi ng the crystalline_ther | astic resin cqnstituting the
core ancl%9ﬁ¥eﬂﬂﬂgéP°éEFrGgeFKBeFﬁﬁsE%%QF??JEﬁ%ﬂWQHﬁfﬁﬁﬁfIﬁ%ﬁ%ﬁ R Fh@

et hyl ene- based- pol yner cogEosition constituting the coat, and ,the said two

mat eri al SR AScREeferably fr bATPREAENES Miger than the med&dPfed core

type conposite body with the said crystalline _
point of the ethylene-based polymer forming the coat (the

melting point of the principal component in the case of a
composition) is selected. In the present invention, an
agitator is incorporated in the production system to prevent
the composite beads in the vessel from being fusion-bonded to
each other.

It is prefer:ed to use water, an alcohol or the like as
a dispersing medium for the composite beads when they_are
expanded by heating.. Alsd, to facilitate_uniform-dispersion
of the composite beads in the dispersing medium, it is
preferred to use a sparingly watér—soluble inorganic materiai
-such as aluminum oxide, calcium tertiary.phoéphate, magnesium
pyrophoéphate and zinc oxide, a Water—spluble protective
colloid such as polyvinyl pyrrolidone, polyvinyl alcohol and

methyl cellulose, or an anionic surfactant such as sodium

dodecylbenzenesulfonate and sodium o-olefinesulfonate. These

substances may be used either singly or as a mixturé of two or
more of them; |

When_the composite beads are released into a low—
pressure atmosphere, it is preferable to introduce an

iﬁorganic gas.or a volatile ekpanding agent such as mentioned .



thernoplastic resin formng the core and the said ethyl ene- based pol yner -
conposition form ng the coat. Then the thus obtained -conposite body
is cut to obtain - conposite beads having weight of 0.1 to 10 ng. Wen the
indi vi dual bead weight is less than 0.1.ng, the expansion nolded articles
obt ai ned fromthese beads may | ower in~“nmechanical strength because the

b cosur o radys S SHe MlEla SELKRT, P HERRSL (PR ARG, when

t he bead _wei ght exceeds 10 , filling of the nold wih the beads tends
to deter i%’F?ﬁ%‘fre 1 %%e@eﬁégﬂoﬁgnfg?nﬁeﬁ?i A3 t’-acr’ld‘JEaéS(Jp Het 7%y ﬁlﬁ% said

sheat hed core-ty onposite beads inpregnated with a volatile expanding
agent, theT e%%%‘ﬁit%§ggﬁapﬁr i nstance, the nethods described in Japanese
Pat ent Publication (KOKOKU) Nos. 49-2183_ and 56-1344,, Gernman Pat ent, Nos. .
1, 285, 722A and e (Rpsied #gsin beads gf Lhg; Ryesent h%%‘éel?fé’t%d%‘-’fn%cﬁe

sheat hed core type conposite beads are put into a closed vessel together

with a VvBPEEeqd elnbe RTANG teg Bt u&hﬁgh'ééfgﬁufs ot¥PRB MRt %bove the
softening point of the crystalline thernoplastic resin conprising the
core, so m%bfﬂiftmé“%té?@-co\éﬁﬁsiﬂét%@%e e Lingrieast e senmuckethe vol atil e
expandi ng agent. Thereafter, the contents of the closed vessel are
rel eased &eeerding fiws wempressien malgivgsuethedahsuee .Qﬁsﬁéfé:@b%e
¢l osed - in Jépanese Patent Publication (KOKOKU) No.146—38359) in which .
the expanded resin beads are charged into the mold cavityl
comprising female and male molds under atmospheric or reduced
éressure, then the mold is compressed to reduce the volume of
the éévity'by 5 to 70% and a heating medium such as steam is
introduced into the cavitylto'make the expanded resin beads
fusion-bonded to each othef.
It is also possible tb employ a pressure aging method
.(such as described in Japanese Patent Publication (KOKOKU) No.
51-22951) in which the expanded'resin beads are first treated
with one or more types of volatile expénding agent or
inorganic gas to elevate the Secondary expénding force of the
resin beads; then with their elevated secondary expanding
force maintained, the beads are filled in the mold cavity
under-atmospheric_of reduced pressure; and then a heating
medium is inﬁroduced into the cavity to conduct fusion-bonding
bétween the-individual'beads.

It is further'possible to conduct a compression filling

method (such as described in Japanese Patent Publication



vessel and then dried to obtain the expanded resin. beads of t he
present invention. The heating tenperature for the expansion of the
conposite beads is usually set to be not |lower than the softening point of
t-he crystalline thernoplastic resin of _the core, but preferably a
tenperature higher than the nelting ﬁé'ﬁt of the ethyl ene-based pol yner

formng the cqat (fhe Log.point of the | nci pal. conponent i.n the case
of a co qI?‘Hn#}oi's 455‘52@{72&&?{{%%% Bl?‘aeslgﬁéi(fﬁ/‘%ﬂttyf (ﬁ{rgnszfﬁlrlazﬁdt ator is -
i ncorporated in_the production systemto prevent the, conpasit eads in '
the vessdPI¥& At osRErEACHBREETUFS PYaR HEMpgssed gas 4% fiel':,lliﬁgeferred
to use water, an alcohaol or the |like as ,ha dispersing nediumfor_the
conposi t eHenddiewrapaphed zeeincRpadscdibsh iR ReeThRESSSUF i28d 59 &t e
uni form di spersion _of the conposite beads in the dispersing medium it is
pr ef er r echigher dleyedp dhpagthenaaBi t¥ ol 3BE cthier gy RRIE RS S9N dfch as
al um num oxi de, calciumtertiary phosphate, magnesi um pyrophosphate and
zi nc oxi dimtzpduneast issloulshe prBLert Foefusitrnorend feie acesist ﬁﬁéﬁ%-
pyrrolidone, polyvinyl alcohol and '

There can also be conducted a normal pressure filling

ﬁethod (such as described in Japanese Patent Publication
(KOKOKU)  No. 6-49795) in which the expanded resin beads with
high secondary expanding force obtained by a treatmeﬁt under
the specific conditions are charged into the mold cavity
defined by the top force and the bottom plug under atmospheric
or reduced pressure, and then a heating medium such as.steaﬁ '
is introduced into the cavity to coﬁduct fusion—bonding of the
beads. Any'of the above-described methods or a combination of
these methods (such as aesctibed in Japanese Patent
Publication (KOKOKU) Né. 6-22919) may belconducted for molding
in the present invention. - |

In case where any of the above-described methods is used,
the pressure required for conducting fusion—bond is preferably
less than 2 kg/m2G.

In thé expanded resin bead according to the present
invention, as seen from its cut section, the crystalline
thermoplastic resin of the core assumes an expanded state of a
closed-cell structqre while the ethylene-based polymer forming

the coat is in a substantially non-expanded film-like state.



nmet hyl cellul ose, or an anionic surfactant such as sodi um _
dodecyl benzenesul fonat e and sodi um a-ol efi nesul fonate. These substances
may be used either singly or as a mxture of two orr nore of them
When the conposite beads are released into a | ow pressure atnosphere, it
Is preferable to introduce an inorgaﬁ?%'gas or a volatile expandi ng agent
such as nentioned ) \ . el -10-. ahove into.
the closed ves$HCa5Hmg e SHesPIESERTkEBESThEC p’rresjs%r%oﬁ%lq]heeqi?essel
constant so as to facil]itate such rel ease ﬁi t he, peads.

0
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by using various_ types of nold and nmol di ng met hqd. For_instance, nol ding
may be cderhfig affecidyedy fysienabeBdpresei Aot hsly Yadsod dQith as
described in Japanese Patent Publication (KOKOKU) No. 46-38359) in which
the expanskesn @slesshwaidyapaycRir §oe rhovermrnbirre Metding SSE
femal e and mal e nol ds under atnospheric or reduced pressure, then the nold
is conpressed tAccadliow ttiwe thel present inverbiPny Bhe sneld mwentiohadeat i ng
medi um such as steamis ' _ :
shrinkage of the mold product to the cavity is usually not .
more than 2.5 %.
The molded products obtained in the manner described
above have excellent'mechanical stfength and high heat
,résiétanCe and afe,'thefefore, suited for use as a heat
insulator, stfuctural component;'core and the like.
As explained above, the expanded resin beads of the
present invention show excellent fusion-bonding properties
even if the hot steam pressure in in—ﬁold'operation is low,

and the molded products obtained from these resin beads have

high mechanical strength and high heat resistance. -

EXAMPLES

".The present invenﬁion is explained in more detail by the
following examples. It sHould be recognized, however, that
these examples are merely intended to be illustrative and not
to be construed as limiting the-écope of.the invention. In
the following Examples, the properties of the beads and the
molded products were detefmined in'the following_waYs.

~<Melting point>



introduced into the cavity to make the expanded resin beads fusion-bonded
to each other. It is also possible to enploy a pressure aging _
met hod (such as described in Japanese Patent Publication (KOKOKU) No.
51-22951) in which the expanded resin ads are first treated wth one or
nore types of volatile expanding agent"or inorganic gas to el evate the

secondary expandjng force of the .resin beads; then.wt L+ el evated
secondary expand ﬁgmea?EﬁﬁﬂgqﬁﬁrW%ﬁ%uﬁfﬂayﬁgegzgyéaa é¥n?PF%gf%% t he nol d
cavity under , at nospheri c or re%ﬁced gressu e: agd t he heati.n medi um
i s introd&ERBNiRGCakRTIIRESY @5TondBitrSFus? ol b Hﬁ?dﬁp e W t he

i ndi vi dual beads. t is further possible to coRduct'a conpr essi on

: I
filling saBPhed YasdreakeddR @ Fegmerafissnase vBiCBNERBUBEFERL i on
(KOKOKU) No. 4-46217) in which the nold cavity pressurized above the
at nospher ceYgEassurel bgda anshpihess €9odes ite FPPFeGSRPFRATERE % pAntRe resin
beads whi ch have been pressurized to a higher level than the cavity, and
then a heefi Af° féwinm iThen dheosarpdei Wes agaibabeated A% BiHDA t he

resi n beads. There can al so be conducted a normal pressure filling
10°C/min and the peak temperature of the obtained endothermic

curve was indicated as melting boint of the resin sample.
<Fusion-bonding test>

There Were prepared the 200 mm X 30 mm x 12.5 mm thick
test speéimens from each molded product. These specimens.were
bent tb 90° along the circumference of a 50 mm-diameter
cylinder and their quality was evaluated according to the
following criterion.:

O: 80% or more of the total number . of the test
specimens remained unc?acked. o

X:.Mofe than 20% of thé-tQtal number of the test
specimens crackéd.

In the presént invention, it is prefer;ble that the
abdve evaluation is O.
<Heat resistance test>

.The percentage of dimensional change at 110°C was
measured'according to JIS K 6767 and évaluated.éccordiﬁg to

the following criterion.

O: Dimensional shrinkage was less than 3%.



net hod (such as described in Japanese Patent Publication (KOKCOKU) No.
6-49795) in which the expanded resin beads with high secondary expandi ng
force obtained by a treatment under the specific conditions are charged
into the nold cavity-. defined by the Lgﬁ_force and t he bottom plug under
at nospheric or reduced pressure, and en a heating nmedi um such as steam

is introduced into the cavity to conuct fus'on-q?nding of the beads. Any
of the above- deStr THEENFEORGds SBF 1BKEIRFLIFR T ofP A% t hese nethods (such as
described in Japanese Patent Publication (KOKOKU) No. 6-22919) may be

conducted for nu digighensiohA® Bhe$ARAge N¥REEEAEY 6% . In case where any
of the above-described nethods is used, the pressure required for :
In the

conducting fusign-hond is preferabl | ess than_2_kg/nfer
“expanded resin beat A&t QRJHHYQH¥_°BVe§§n?S Pﬁ?gﬁ??%i? ééggeﬁﬁﬁfron1its
cut section, the crystalline thernoplastic resin of the core assunes an
expanded @peve efakuatdasdd Ea1or Bructure while the et hyl ene- based pol yner
~forming the coat is in a substantially non-expanded filmlike state.

-12 - . ' :

Example 1
~An ethvlene-propylene randoﬁ copélymer (melting point:

153°C) was kneaded by a 40 mm—inng:'diameter singlefscrew
extruder while a linear low-density polyethylene (melting
peoint: 123°C; deﬁsity: 0.920) was kneaded by a 25 mm-inner
diameter singlé—screw extrudef. ' The kneaded materials were
extruded from a 1.5 mm-diameter die orifice into a strand with
its core portion being formed by . the ethylene—propylene random
_copolymer and the coat being formed by ﬁhe linear low-density
" polyethylene.

This strénd was cooled by passihg it through a water
tank and then cut into 1.2 mg pieces. ‘The thus obtained
composité beads were cut along a section and the cut sections
were observed'throﬁgh a phase-cqntrast microscope, which
showed that the core ethyleﬁe—propylene random copolymer was
coated with the linear low-density polyethylene to a thickness.
of 30 pim. - .

100 parts of these composite beads, 250 parts of water, .
1.0 part of calcium tertiary phosphate having a particle siié

of 0.3 to 0.5 um and 0.007 part of sodium



According to the present invention, it is possible to produce a nol ded
product conprising the said expanded resin . beads effectively fusion-bonded
to each other under a | ow steam pressure by any of the above-nentioned
mol di ng met hods. Accordi ng to-tgg present invention, the nold

di mensi onal shrinkage of the nold product to the cavity is usually not

nmore -than, 2. 5 ¢ e | ded_preducts._ obt ained §n t manner
descri be(ii°dftﬁ¥ﬁ’eﬁ’§\?éle§%-c{gf7?gﬁ? W%E%aﬁ?‘gayl%? reny %Seéina’ ehglég T'heat
resi stance and , therefore, suited for use as a heat _..nsulato '
structuraﬁoﬁtﬂ’fﬁgﬁ s Bﬁé’ 2 dZShEaWie‘?E butane Aén‘%zfpls&i%gd' ov{gl}et he
expanded resin heads of the _present invention show excellent £
f usi on- bowlisiadropens £41ledein; Fhengerdel stedm @ﬁ%@%’?ﬁ%ﬂﬁ% &F.
operation is |ow, and the nol ded products obtained fromthese resin beads
have hi dRe¥%edhan deated &agilh5aRdoVeEh2 Heaf1e@ Pk o diour
The present invention is explained in nore detail .by the following
exanpl es.atl ttheh@ame Femperaguirec§orndfederuitenhat these exanples are nerely
intended to be illustrative and not to be construed as limting the scope
of the inventi dthen rthe valivel lofwithg Bigsprrge peet Rbpere kattym 9fe beads
and the nolded products were determined in the foll ow ng ways.
. the closed vessel was opened and nitrogen gas was introduced
into the gaseous phase éectidn-in the vessel from the 6u£side.
With the pressure in the vessel maintained, the contents of:
the vessel were released into the atmosphere_to obtain the

objective expanded resin beads. The thus obtained expanded

resin beadé had an average bulk density of 17 kg/m3 and an
average foam diameter éf 126 um, and there was seen no
blocking between the individual beads.

A phasé-contrast microséopicéi-qbservation of the cut
sections of ﬁhe obtained expandéd resin beads showed that the
ethyleﬁe—propylene-random copolymer forming the core was in aﬁ
expanded state forming a closed-cell structure while the
1inear low—densit& polyethylene was in a substantially
ﬁnexpanded film-like state and cocated the expanded body of the
ethylene—propylenelrandom dopolyméf.

These expanded resin beads were perfectly dried in a

drying chamber of 40°C and bressurized by compressed air of’

2.0 kg/cm2G. The shrunk beads were filled in the cavity of an
aluminum mold comprising female and male molds and having a

steam hole, the éaid cavity being under an atmosphere



<IVEIt|ng poi nt > ' -13 - . The
measur enents were conducted by a dlfferentlal scanni ng cal ori neter (DSC)
First, 3to 5 nmg of the resin sanple, was heated to a tenperature at which
t he resin crystals nelted, and then cg% ed to roomtenperature at a rate
of 10[err]C/ mn. Then the sarrple was agal n heated at a rate of

10[err] T/ nmin and_the peak tenperature of the obtalned endothermc curve
was i ndi cRregsasizedthyicomprrssad @Ha 1ofsiln Ss Xeprac. <FRaToRAsGHdo%g t est >
There were prepared the 200 nmx 30 mmx 12.5 nmthick test specinens from
each nol dedopkedostc wdesmtseRicEninter €¢hebeairity 26 mhkaothdcbeads
circunference of a 50 mmdianeter cylinder and their quality was eval uated

accor di ng f181bheboh@bd Otb NEh @ | dt@dron. : - [err]: 80%or nore of the
total nunber of the test specinens remai ned uncracked. X: More than

20% of the totalphBURRgEqObeddl® WO PRGBS L 2ACkREGond water! N the
present invention, it is preferable that the above evaluation is [err].

cooling and 35- -second air drying, and at a point when the face

pressure of the mold became 0.3 kg/cm?G, the mold was opened.

to take out the mblded product. This molded product had a

density of 30 kg/cm3® and measured 200 mm x 300.mm x 25 mm, and
its diﬁensionalhshrinkage relative. to the mold was 1.9%.
20 test piéces, each measuring 200 mm X 30 mm x 12.5 mm,

_were prepared from the above molded product, and each test -
piece was wound round a 50 mm-diameter cylinder ahd bent to
90°. As a result, more than 80% of the test pieces remained
unbroken. A 50 mm x 50 mm X 25 om ﬁhick test piece was
prepared from andther molded-product obtained.under the same
molding conditions as déscribed above, and it.wés-subjected to
a compression test according to JIS K 6767. As'a result, it.
showed a 50% compression'sfress of 2.9 kg/qmz. when it was
further subjected to.é 110°C_heat fesisténce test according to
JIS K 6767, its dimensional éhrinkage was less than 3%. These

test results are shown coliectively'in Table 3.

Examples 2 to 9 and Comparative Examples 1 to 9
The same procedure as defined in Example 1 was conducted

except that the expanded resin beads specified in Tables 1 to



<Heat resistance test> ' The percentage of dimensional change at
110[err] C was neasured according to JIS-K 6767 and eval uated according to

the following criterion. [err]: Dinensional shrinkage was | ess than
3% . : -14- [err]: Dinensional
shrinkage was 3 to 6% X: Di mensiténal shri nkage exceeded 6% - I n

Y T WA
I ti int:  153[err].C k d 40 i di _ '
GRS AR S el T RN TR

point: 123[err]C, density: 0.920)_was kneade a 25 mminner, dianeter
si ngl e- scFaWRAR (kAR lesTHe Bondadedt n‘ﬁ"t‘%rf%ﬁ“é‘gv@{aet ‘%&3 (FRERE Lo 1R, 5
mmdi aneter die orifice into a strand with its core portiaon: being forned
by the ethsrdnagruplinshda dhgorresepsl yrEenhhent #ed cehe TRIIRE f or med by
the linear |owdensity _ _ o :
products thereof had excellent fusion-bonding properties, high

mechanical strength and high heat resistance.
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|density (kg/m3)

; éﬁéiﬁ;om[ne (019} B3] q_(,a_.gzd/\nm TNE. giEssyre rn_tne Jyessglgnp
Meltihg point > 7' 123 123 - 102 123
(°C)

Coat thickness 30 100 8 30
(Lum)

Composite bead 1.2 7.0 0.5 1.2
weight (mg) . '
Average bulk 17 20 19 17

Core condition

Closed-cell

Closed-cell

Closed-cell

Closed-cell

test

Coat condition Substan- Substan- Substan- Substan-

' ' tially tially tially tially
unexpanded 'unexpanded unexpanded | unexpanded

Molding steam 1.0 1.0 1.5 1.0 -

pressure '

| (kg/cm2G)

Molded product 30 35 30- 30

density (kg/m3) ' _

Mold dimensional 1.9 2.1 1.8 1.9

shrinkage (%) : '

Fusion-bonding O O O ©)

test :

Compression test 2.9 3.1 3.1 2.6

| (kg/cm?) _

Heat resistance O A O A

ET-PR: ethyléne-propylene random copolymer

LLDPE: linear low-density polyethylene

ET-VAC(5): ethylené—vinyl acetate -(5%) copolymer

(The above abbreviations are also used in the following

tables.)

a-



the vessel were released into the atnosphere to obtain the objective
expanded resin beads. The thus obtai ned expanded resin beads had an
average bul k density-of 17 kg/nferr] and an average foam di aneter of 120
[err]m and there was seen no blocking bet ween t he individual beads.

A phase-contrast m croseopi cal observa 70n of the cut sections of the
obt ai ned expanded resin beads showe at .t he . ethyl ene-propyl ene random
copolymer formng the core was in a = ed state formng a cl osed-cel
struct ur e—while-the |inear | ovedensity-polyethylone—was—in a substantially

unexpandpd filmlike stat =mﬂm&i&?§&@%&_the S
et hyl eneigarspviesi® r andon] copdfRner 1BT-PRhefe :BBaPRled|resin beads were
perfect | JARI ichtemta (%dr y| ng clanber| of 40[%err] € and fx essliri zed by

conpr essiMeliingfpoiat0 kgf cni aen] G [The sitfaunk beadslSgere filled in the
cavity of(°ayy alum num nojd conprisiphg fenmale apd nmal e nol fls and having a

st eam hol@atd RS d cavi | emsiaegsynper ipbed No$ pheatbrE _
-16- pr J@Fd by conp[essed artr pr Iy B0/ Cfl erg 5 Tngn steamof 1.0
T - o

kg/ cnf er ekiﬁ'ﬂﬁ_; 'ﬁb o docep g5t tre—Tavi P53 0 1 S
(°C) : '
Coat thickness 20 . 30 30
(Um) _ '
Composite bead 1.2 1.5 1.2
weight (mg) ' '
Average bulk 16 - 15 17
density (kg/m3) :
Core condition Closed-cell|Closed-celljClosed-cell
Coat condition Substan- Substan- | Substan--
' tially tially tially
_ unexpanded | unexpanded | unexpanded |
Molding steam 0.8 1.0 . 1.5
. loressure '
| (kg/ cm?G) .
Molded product . 28 25 30
density (kg/m3)
Mold dimensional |- 1.9 1.8 1.9
shrinkage (%) - ' .
Fusion-bonding - O o O
ltest . ' : - :
Compression test 3.4 _ 2.9 3.4
(kg/cm?) _
Heat resistance O O - O
test ' :

- PR: propylene homopolymer _
1BT-PR: 1- butene—propylene random copolymer
(The above abbreviations are also used in the follow1ng
tables.)



fusi on- bonded .t o each ot her.
20- second wat er

face

t-ake out the nol ded product.
kg/cnferr] and rreasured 200 nmx_300 1]
shrinkage relative to the nold was
measuring 200 mmx 30 nmx 12.5 mm

Molding steam 1.0 5.0 1.0 4.5.
pressure '
| (kg/cm2G) _
Molded product 30 30 25 25
density (kg/m3) '
Mold dimensional 1.6 2.2 1.6 1.8
shrinkage (%)
Fusion-bonding X O X O
test -
Compression test | Unmeasur- 3.2 - Unmeasur- 3.2
(kg/cm?) ' able able N

. [Heat resistance Unmeasur- O Unmeasur- O
test able

Thi s nol

rehle 3

cool ing and 35-second air drying,
pressure of the nold becane 0.3 kg/cnferr]G theée nold was opened.
d product had a density of 30
I ts di nensional

20 test pieces,
epared fromthe above nol ded

X 25 mm

and

The fused beads were subj ect ed td .
and at a point when the

each -

density (kg/m3)

product, ece_was—wol 4¥L4nn4#4ynu4y;4?ﬁ+4wk
bent to |90[err]. As a re$ul tCOTRbre harF‘E@% of |t he*PEt pileceSOTRmai 1
unbr oken flh uﬂ%&pﬁm 2o
anot her ai_B-Bnde tﬁﬁﬂéﬁhe molBrnBRcondi t1BFTERas
descri be{ERbmotecersmabr t1BTRs subjsectefd to 1. coer ess3 dn tedt. acZobdi nd
JIS K 67¢dontnta Wsult, |t showed § 50% conpré¢ssion stregs of 2.9
kg/ cnf er fie]l 8418 gdinkas urthess subjectersio a|l110[x36 ] C heat 1860 st 3
t est acc (deyg to JIS K §767, its dinensional ghrinkage wgs | ess than
These Jat R8s are sfiown colrecfTvery_1n Tgpre 3 xanpl es 2 1
~and Cbnp T S o Te bdﬂE*nggggﬁigefs dgetned
EX&ITp' e : lﬁ,g\_JlbuOLi\,nLtcu ..A\.:ClJt_ tHret--tire eXparma T cm'r—h_E
| Tabl es 1.¥§b) _
Coat thickness - - - -
(pm) _
Composite bead 1.2 1.2 1.5 1.5
weight (mg) .
Average bulk 17 17 15 15

Core condition

Closed—cell

Closed-cell

Closed-cell

Closed-cell

Coat condition

to

r and
ed

to

nce
3%
o9
n
din >

‘able
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It was found that the expanded resin

invention and the nolded products the

6 were used, and that expansion and nol di ng were conducted
conditions shown in Tables 1 to 6. The results are

beads according to the present

"%

under the
shown in Tables 1 to 6.

of had excel |l ent fusion-bonding

|density (kg/m3)

Core condition

Closed-cell

Closed-cell

Closed-cell

Closed-cell

. |Coat condition Substan- Substan- Open cell -
tially tially
unexpanded | unexpanded .

- |[Molding steam 1.0 1.5 1.3 0.8
pressure '
 (kg/ cm2G)

Molded product 35 30 32 30
density (kg/m3) : '

Mold dimensional 2.6 1.6 2.9 1.9
shrinkage (%) _

Fusion-bonding O X X O
test '
Compression test 2.2 Unmeasur- | Unmeasur- 1.7
(kg/cmZ) able able

. |[Heat res1stance X Unmeasur- | Unmeasuxr- X
test able '

. able & }-

ET(3.5)-PR: ethylene (3.5%)—propylene random copolymer (The

above abbreviation is also used in the following table.)

~properties, high nechanical strength d hi gh heat resistance.
- 18- Tabl e Exanple 1 Exanple 2
Exanple 3 Exanple 4 Core re5| n % ET PR ET- PR ET- PR
ET conte 4 16 Nt!tiﬁg pot-HRt—
153 153" 153 C°“‘1°42 ( ermeCO 1 re%‘? -?‘E‘@E
LLDPE  EI-\VAC(E) | | DPF Bxamle 5 rﬁa ‘bigExample 8 |
0.920 MelGerR) ¥Rfim 23 ET-PR’_1p3 ET-PR 10] ET PR1?’ ([EEPPE) doat
t hi cknes$ET conterg8) (%) 1005 B-5 BH([edr]m Conpodite
bead Meldiry point 7.9 153 0}5 153 1.2 wehjht (Inmg) DR2ragq bul k
17 (26 19 .17 depsity (kg/njerr]) Corejcondition -
"Cl osed- cétdataseidy cel | oseggd:el | ¢ osexbrrel | |@eaB .sprdrtli on - Subdt an-
Subst an- fpefa} an- SUb$Tarng. 920 0.920 trally tralTy thally
tially  MeTting point 123 123 142 -
: (°C) S
Coat thickness 200 0.8 30 -
(pum)
Composite bead - 7.0 0.5 1.2 3.0
weight (mg) :
Average bulk 20 19 17 17



unexpanded unexpanded unexpanded unexpanded Mol di ng steam 1.0
1.0 1.5 1.0 pressure (kg/cnkG Mol ded product 30
35 30 30 density (kg/nferr]) Ml d dinmensional 1.
2.1 1.8 1.9 shrinkage éo Fusi on- bondi ng lerr]
[err] [err] [err] test ConpréS§sion test 2.9 3.1
3.1 2.6 (kg/cnferr]) Heat . re§é§i3n§e [err] . [err]
[err] [err] test ET-PR eth rene—prupylene randon1copo|yner LLDPE:
i near | quedensity—polyethylere—EFACSCETethyere—v .)/9
copol ymer (The above abbr evi fat | BRAMRLS & sp 1 thelfol %h'?’n% 9 es.)
-19- Table 2 E S Evadple—b E‘('*rr“'
Core resij@ore resin pR 1HI- PR ET-PRRT. pRl 1RT EhifRent \oPA ET-PRy
2.5 ET 2céntattt i (R poi nt 1.561 T 158 -Berrlc
Coat resijelting pddntVACH) LLOPB LLDPE.S3ensi t | 153 .
0.920  [coBe OB&sieT 11 NG poi P€ompositidA [Composithizh B M-IADPHE er r]] C)
Coat 't hi qRBRS L 20 3020 30 (dzr]m| Conposite beald
12 eliing polnt &Q TETUM {33) AVe[a0e DK T2 15
Coat thickness (um) 30 30 30
Composite bead 1.2 1.2 1.2
weight (mg)
Average bulk 17 17 17

density (kg/m3)

Core condition

Closed—cell

Closed-cell

'Closed—cell

Coat condition

Substan-tially

Closed-cell

Substan-tially

test

__unexpanded ~_unexpanded
Molding steam = 1.2 1.2 0.8
pressure (kg/cm2G)
Molded product 30 30 30
density (kg/m3) :
Mold dimensional 1.7 1.7 1.8
shrinkage (%) B
Fusion-bonding test O X O
Compression test 3.1 Unmeasurable 2.9
| (kg/ cm?) .
Heat resistance O Unmeasurable O

M-LLDPE: linear low—density polyethylene polymerized by using

a metallocene catalyst (density: 0.895; melting peint:

91°C)

Composition A: 100 parts of linear low-density polyethylene :

(density: 0.920; melting point: 123°C)

20 parts of ethylene (1.5%)-propylene random copolymer

(meltlng point:. 153°C)

Compos1t10n B: 100 parts of linear low-density polyethylene

(dens1ty 0.920; meltlng p01nt 123°C)

150 parts of ethylene (1. 5%)-propylene random copolymer

(melting point:

153°¢C)



density I]"]“Hﬂl"“lluﬂﬂtlgmondl tion O osed-cel | O osed- cell C osed-cell
Coat con Subst an- Subst an- tially

tially * a ym s unexpanded unexpanded unexpanded Mol di ng
st eam 1.0 1§pres Sue Fer i1 Mol ded

pr oduct 28 25 & denltyys(ﬂk@' d

di nensi o %ﬁ%l_ 1.8 1.9 slhiri nka@eF¥o=Eusi-en’ bondi ng
[err] est Conpr essi on tes 2.9

3.4 (kg/cn{err] Heat resi: nce err]' o [err] test
PR propyl ene HomopBi §HRRANGES- FRS1R. }B%ﬁ“i ‘leorﬁ?%’p‘iﬂr%m random copol yner -

The above abbreviations are al

520_ _ a core which co%pigsggeg #ggéhgéiine gﬂé%hoplaé¥ic 9e51n
Conp. - Conp. , . . Exanple 1
Exanpl e 2ndodghpire ag @éﬁﬁ?@ stebee ?@@i n | ET PR , ET PR
1BT- PR 1BT- PR ET content or 1BT '

2.5 cont ent (q@apﬂgaq,“?qg@ Fomprises an eggylene based]gg;ymer wh1chi56
156 ([err]C)_ Coat resin -
Density is lower in melting point than said thermoplastic res1n or _

Mel ting point - - - ([err]C) Coat
t hi cknessshows substantially no-melting point, and which coat is in a
substantially unexpanded state.

2. An expanded resin bead according co Claim 1, wherein
said coat comprises a composition produced by blending 1 to
100 parts by weight of the same cryscalline thermoplastic
resin as used for the core with 100 parts by weight of an
ethylene-based polymer.

3. An expanded resin bead according to Claim 1, wherein
said ethylene-based polymer is one show1ng a melting point of
at least 15°C less than that of the crystalline thermoplastic
resin. |

4. An expanded resin bead according to Claim 1,.wherein
the melting point of the ethylene—based polymer is not more
than 125°C

5. An expanded resin bead according to Claim 1, wherein
the thickness of the coat is 1 to 150 pum.

6. An expanded reein'bead.according to'Claim i, wherein
the weight of the bead is 0.1 to 10 mg.

7. An expanded resingbead according to_Claim 1, which

‘comprises an expanded resin bead is obtained by impregnating a
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Gl osed-cel | Coat condltlon - - REPLACED
Mol di ng st eam : %ﬁb 0 4.5

QEGZZﬁ;?tc&r%gé% Lkﬁbd“l\{gf‘%ﬁ %J(;ﬁses a io%e c?omprlslixg a Q:xystalj]zlg.e

1.8 shrlnka e Fusi on- bondi

[err] tedt® é§§ﬁ8nr?§%F aﬁﬁn%ag?ﬁt c°mprl§?%? an %3ﬂﬁiggh based” 3.2
(kg/cnmferr]) t resistance
Unneasur Polymer P@#FP 15Uﬁﬁ¥§§u%n meltln?e??ﬂnqeﬁﬂan Safdf abl e
abl e 2 .

Tabl e 4 - thermoplastic resin orcghgws subst@;h%ilally no @ﬁ.}ﬁ.lng POlégmj
Exanple 5 Exanple 6 Exanple 7 Exanple 8 Core resin ET- PR
ET-PR  andpapd compositppbesd. cohtlem {odatile e@aﬁldlng agent -gnd

1.5 - Melting point 153 15 153 123
Coat resitthen expandipgDeBe impregn@ped CQEQQSEEth@ad by heatpagsity

0. 920 0.920 - Melting point . 123 123
142 g érrr]aipaﬁdaﬁ treséknbesad accordpggy to Claimp lg wherein 3Q

- ([err]m Cbnp03|te bead 7.0 - 0.5 1.2 3.0
wei ght (e Arersagerebuickuired for @nducting ﬂ_@lon-bond off7 said resipy
density (kg/nferr])

beads is less than 2 kg/m2G.

Q[err] 1.5 1.5
melght 17 5 15
density (Kb/n{emr e ‘condi tion d osed- CG|VH@BGE&HHU@M$BCENS%d cel

9. A molding product produced by expansion-molding the
expanded resin bead as defined in Claim 1
10. A process for producing the molding product as

defined in Claim 9.
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Core condition Closed-cell Cosed-cell Cosed-cell Cosed-cell Coat

condition Subst an- Subst an- Open cel | -

trally tially ~unexpanded unexpanded Mol di ng st eam
170 1.5. 1.3 : SSI -

pr oduct 35 30 —25- BQs densirt-ad Begnadler r] )

h . _ : " 0
E/gls?oﬁl gens ranaé:T OF '1‘2 6 SCLOSUR%'X6 _ 2.;96 REP .Jézﬁ’n{shrl nk ge (9
Conpr essi on test - Unneasur - _ Unneasur - c e r])
abl e abl e h%a@r?%%l?%ﬂarwc%ltmn retates t%ﬁﬁeﬁ&ﬁnde@nﬁéﬁgﬁ ad X
t est abl e abl e ET(3.5)-PR ethyl ene
(3.5% - pr%‘ﬁ‘?ﬂ”é%%ll?%ﬂdom copol ymer (The above abbreviation is also used in
the followi ng table.) -22-

Table 5 a core which compr@g@@mae cgystalllggnﬁhennoplasg(gnséqz%ng :
Exanple 2 Core resin ET- PR ET- PR ET-PR ET
content (89d is in an expahded state, ands 1:5 Mel ting point
([err] O 153 153 153 Coat resin

Conposition A Cbntp@at twinicB compwtilsesPEnDetbiylgne-based polymer wiig20

0. 920 Melting point ([err] O 123 123

102 Coat ii;n]:éwmss:.r@ [reldimg poid® than said th@fmoplastic redin Gunposite
bead 1.2 1.2 weight (ng) Average bul k
17 shows éﬂbstantlally nb/ medrdntyy poigtn] and] vhfchecsandis i m a

Cl osed-cel | Cl osed-cel | Cl osed-cell Coat condition . Substan-tially

Cl osed- cestibStdnst palt 1y aldakpanded state.
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y»nexpanded unexpanded Ml di ng st eam : 1.2

1.2 0.8 pressure (kg/ cn2GQ) - Nblded pr oduct ' 30
30 . 30 density (kg/nferr]) Mld dinensional 1.7
1.7, 1.8 shrinkage (% Fusion-bonding test [err]

X [err] Conpression test - 25 - 3.1 Unneasur abl e
2.9 (kg/cnferr]) Heat resistance Unneasur abl e t est

M LLDPE: |inear |owdensity polyethylene polynerlzed by using a
net al | ocene catal yst (density: AT 2 RGN 91f[err] O
Conposition A: 100 parts of |if "yet hyl ene (density:

' Ty p
0.920; ne (et Ay 20 parts of ethylene (1.5% - propyl ene
randomcohé DEAER G s BT 3 153[err]C3 Cbnp05|t|on B: 100 parts of

123ferr] O 180t RS iR e (B, o e RaaR BEH bes

(mel ting point: 153[err]C3 - 23- VWHAT
| S CLAI TRr1s 1. An expanded resin bead conprising: a core
whi ch conprlses acr stalllne t her nopl asti c resi,n nd i S |n an exgﬁnded
state, and a cgre WRlGH; oM FH LT RLBSIy freF SWhRch

is lower in_nelting 0|nt than sai d thernnplastlc resin or shows

subst ant i PRy 1R AR | P StAT® Wih coat is in a

a coat which comprises an ethylene-based polymer wh;ch
is lower in melting point than said thermoplastic resin or
shows substantially no melting point, and which coat is in a

substantially unexpanded state.
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2. An expanded resin bead according

" -
supst dnti al | anded st ate:
to- im1, i”’ﬂﬂ%ﬂﬂ gul"m,at conpri’ses a conposition produced by bl ending
10 100 p t he ‘'sane crystalline thég CEEQEWI 1|m1as
t ;

used for the core w 100 *parts by weppht of an et} g

l(

3. An expanded resin bead according to Claim1, wherginp -said

et hyl eneyibRgedspaf nIBEDI $spne showi ng a nel ting point ¢f 2SHFEBRI1 1P ¢rr]C
| ess than that of the crystalline thernoplastic resiin. 4. An
expanded resi niheaghn ase0ateW *dsid BAdl coneigiing:t e METTIng point of the
et hyl ene-based polymer is not nmore than 125[err]C. 5. An_expanded
resin bead accer dob§ bfichabodr i¥EET £l dydidia i Rakheccoakihs 1 to
150 [err]m . An expanded resin bead accordi ng to Clam1l, erein
t he wei ght, 0% 7. An expanded resin bead
accordi nghto Qﬁ Qﬁ %&%e&c%%b‘?él)ses an expanded resin bead is obtained

Egahnagsgﬂazgggr?ses Whl%h co%%plses an eth 1 nﬁlbased pol%ﬁer %RHBBS'te
is lower in melting point than said thermoplastic resin or
shows substantially no melting point, and which coat is in a
substantially unexpanded state.

2. An expanded resin bead according to Claim 1, wherein

- said coat comprises a composition produced by blending 1 to
100 parts by weight of the same crystalline thermoplastic
resin as used for the core with 100 parts by weight of an
ethylene-based polymer.

3. An expanded resin bead according to Claim 1, wherein
said ethylene-based polymer is one showing a melting point of
atlleast 15°C less than that of the crystalline thermoplastic
resin.

4. An expanded resin bead according to Claim 1, wherein
the melting point of the ethylene-based polymer is not mofe
than 125°C

5. An expanded resiﬁ bead according to Ciaim 1, wherein
the thickness of -the coat is 1 to 150 um.

6. An expanded resin bead according to Claim 1, wherein
the weight of the bead is 0.1 to 10 mg.

7. An expanded resin bead according to Claim 1, which

comprises an expanded resin bead is obtained by impregnating a

Ao AR 38-5
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therrmpl astW conprising an ethyl ene-based polynmer which

I s=lewer in mnﬂ) , ',an said therhoplastic resin or shows
subst anti al and said conposite bead, with a volatile

expandi ng agent and " hé&n &xpandi ng theyulnpregnated conposite bead by

heat i ng. 8. An expanded resin bead according to Claim1l, wherein
the pressedmpseits nsshd %1wwbr&§efsll§' eBrBogdmptiSahg éeghgsté’ﬁ?ﬂ%e' S
| ess than 2 kg/nferr] G . A nol di ng product produc y

expansi ong Bkt dthie: x@gq%%% Lol PEap2s s 18E1 08 % {1, 8l Bdsea

polymer which is lower in melting point than said
thermoplastic resin or shows substantially no melting point,
and said composite bead, with a volatile expanding agent and
then expanding the impregﬁated composite bead by heating.

é. An expanded resin bead according to Claim 1, wherein

the pressure required for conducting fusion-bond of said resin

beads is less than 2 kg/m2G.
9. A moiding product produced by expansion-molding the

expanded resin bead as defined in Claim 1.
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