SPEQIFICATION PRE- EXPANDED POLYETHYLENE BEADS AND PROCESS FOR PRODUCI NG
THE - SAVE TECHNI CAL FI ELD The present invention relates to
pre=expanded noncrosslinked pol'yethyl ene resin beads which are packed into
a nol d having a desired shape and expansion-nolded with heating with a
heatlng medi um such as steamto give a foanmed nolding for use miinly as a
cushtoning material, heat insulator, float, etc. The present invention
also relates to a process fot: produ0|ng the beads and ‘a process for
producing a nolding from the , 3 In recent
years, pre-expanded beads R yet hyl ene resin but a
noncrossl i nked pol yethylene resin are being devel oped because of
advant ages thereof that sone steps including the step of crosslinking are
unnecessary and recycling is possible (see, for exanple, JP-B-60-10047,
JP- B- 60- 10048, JP-A-6-316645, JP—A—6-157803, etc.). (The terms "JP-B" and
"JP-A" as used herein nmean an “exam ned Japanese patent publication"” and
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expan5|on nol di ng using a polyethylene resin as a feedstock resin that if
the resin has not been:npdified by crosslinking, pre- expanded beads of
satksfactory quality ¢annot be obt ai ned therefrom and a foaned nol di ng
sui'table for practical use cannot hence be obtained, and to enable

pre- expanded beads and foanmed nol di ngs of satisfactory quality to be
"obtatned through the foam ng of a noncrosslinked pol yet hyl ene resin.
Difficulties in the foanmi ng of polyethylene resins are attributable to the

facts that a considerable proporti nlng agent (i norganic-gas)
infiltrated i nto beads goes away ggFFﬁ%IhBQF g for foam ng, thereby

making it difficult to obtain expanded beads having an expected cel
structure and expansion ratio, and that the resins have a |arge

t enper at ur Rﬁeaﬁﬁﬂﬁbﬁg bRy EREORE s hﬂ@reby making it difficult to
u

regul ate t viscosity so as to e suitable for foamng. In this

connect i onprbpRsEeFBR" REDBCINGNGAE BaMBl ch noncrosslinked
hi gh- pressure-process low density polyethylene resins can retain a nelt

viscosity suitable for foamng is said to be 1[err]C at the nost. Because
of the difficult tenperature control, the foamng is difficult. For
exanpl e, JPEGHRIBALO#IEUDSCI oses pre-expanded beads obtained using as a
base resin a noncrosslinked ethylene resin that has specific nelt
viscosity propertifhespresent invention relates to pre-expanded

noncrosslinked polyethylene resin beads which are packed into
a mold having a desired shape and expansion-molded with
heating with a heating medium such as steam to give a foamed
molding for use mainly as a cushioning material, heat
insulator, float, etc. The ér:;ent invention also relates to

a process for producing the beads and a process for producing

a molding from the same.

BACKGROUND ART

In recent years, pre-expanded beads of not a
crosslinked polyethylene resin but a noncrosslinked
polyethylene resin are being developed because of advantages
thereof that some steps including the step of crosslinking
are unnecessary and reéycling is possible (see, for example,
JP-B-60-10047, JP-B-60-10048, JP-A-6-316645, JP-A-6-157803,
etc.). (The terms "JP-B" and "JP-A" as used herein mean an
"examined Japanese patent publiéation" and an "unexamined
published Japanese patent application", respectively.) This

kind of techniques are intended to eliminate the drawback in



as-to inpart excellent in-nold noldability to the pre expanded beads, and
al so di scl oses, as an exanple of the -2-
base resin having such 'specific viscosity properties,. a n1xed resin
conprising a linear |owdensity polyethylene having a resin density of
fromO0.920 to 0.940 g/cnB and a high-density polyethylene having a resin
denstty of 0.940 g/cnB or higher. Further, JP-A-6-157803 discl oses
noncr ossl i nked pre-expanded beads nade of a mxed resin, as a base resin,
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pol yet hyl eBSsﬁHdtHQ\é' 9 Ehéeﬂaglﬂeﬂé t}ﬂo%f b{e%ﬂ”h@d?%gedt By0: 940 g/cnierr]

and al so discloses a process uc ng rder to provide

nol ded foaaﬁoegmihkiagmbﬁedei@aﬁ&ed%eaaesakl Bked sealeily haaatigsi ns i

flexibility, toughnes and durability in conpression st n and"to

provide p&&nﬁéﬁaﬁéeSbﬁaiﬁédoihéréﬁﬂéﬁoéﬁhlakQGaQQHYQbhHh shﬁ%hblemhICh
are excellent in the ability to expand during in-nol i ng and

fusibilityfor practicdbensgei &aﬁnbeChéhceeBdeBb‘,ta@.hetibeaﬁar leet ehhbllef oarred
nol di ngs are conming to have nore conplicated three- dinensional shapes.

For exanpl prekegpahdedobeads endmpoamed mbldingsnoifdsagisfactonyl i cated

shapes which are highly desired in the market; the exanple shown is a set

of . quality to be obtained through the foamlng of a
noncrosslinked polyethylene resin. |

Difficulties in the foaming of polyethylene resins

are attributable-to the facts that a considerable proportlon
of the foaming agent (inorganic-gas) infiltrated into beads
goes away during heating for-f;;ming, thereby making it
difficult to obtain expanded beads having an expected cell
structure and expansion ratio, and that the resins have a
large temperature dependence of melt viscosity, thereby
making it difficult to regulate the melt viscosity so as to
be suitable for foaming. In this connection, the temperatufe
range in which noncrosslinked high-pressure-process low-
density polyethylene resins can retain a melt viscosity
suitable for foaming is said to be 1°C at the most. ﬁecause_
of the difficult temperature control, the foaﬁing is
difficult. For example, JP-A-6-316645 discloses pre-expanded
beads obtained using as a base resin a noncrosslinked
ethylene resin that has specifie melt viscosity properties so

as to impart excellent in-mold moldability to the

pre-expanded beads, and also discloses, as an example of the



cushi oni ng foaned nol dings for use in the assenmbly packaging of

| i quid-crystal nodules..¥ig. 1 (A and (B) show foaned. .nol di ngs of the
samg shape, which are put together in such a manner that a | i quid-crysta
nodul e (D) is sandw ched therebetween and are then put in a corrugated

fi berboard - 3- container (C). The
frame 1 and the partltlons 2 in Fig. 1 (B) have been forned according to
thg Fhapahor thehlqu|d- crystal module (D) in order to firmy hold the
nmodul e ile the projecgtio rojecti.ons 6
and 7°{ n FPBSe1 P8 hﬁéglﬁgeﬁuﬂgsﬁBEEHfFSrV?ﬁ&°5&?§b?§°89r%&%?H{SnFH&egn

|npact I n case of ave .a

damage. Si ﬁﬁﬁlf}sSPE'PEFS&ﬂQhFoﬁFHSar 38&7{}? sfjg%pg&lx%%ngﬁ %Plg gll"gl;ﬁ%@ ¥
desi res tgségﬁéfggﬁﬁﬁgﬁdo@u?g abtiglﬁs9h9 plcﬁpcgﬁ Q QﬁC&éH§1€§

much as 2é transportati on cos e capacity

a_packagi ngoigLeh igngshssgﬂprsd &ginedbggaﬁgssi %89qwc§ PESHL srby

redu0|ng t nesses (0] rane an titions t OMBS

possi bl e lﬁﬁ?khg mﬁbcRFEhQquage éB@BsbﬁoﬁE%%%@hﬁﬂk%ﬁpgkggé%?a%@ﬁﬁged

In_the exanp he partitions 2 ar t ut ed of

thin vall pBaHESHAAY BY B hikelng 51 380k paBeARin}0 BilpraBing aeH |

of the deman e market to reduce’the use anount  of expanded "beads and
to reduce Hphagargst FtaClowRakbnBYty polyethylene, from 0 to 45 wt%

linear low-density polyethylene, and from 0 to 40 wt% high-
density polyethylene and having a resin density of from 0.920
to 0.940 g/cm® and also discloses a process for produéing the
same, in order to provide moldgg foams equal to molded foamé
of crosslinked polyethylene re;;hs in flexibility, toughness,
and durability in compression strain and to proﬁide
pre-expanded beads of a noncrosslinked polyethylene éesin
which are excellent in the ability to expand during in-mold
molding and in fusibility.

There is a recent tendency of the market that foamed
moldings are coming to have more complicated three-
dimensional shapes. For example, Fig. 1 shows an example of
foamed moldings of complicated shapes which are highly
desired in the market; the example shown is a set of
cushioning foamed moldings for use in the assembly packaging
of liquid-crystal modules. Fig. 1 (A) and (B) show foamed
moldings of the same shape, whiéh are put together in such a

manner that a liquid-crystal module (D) is sandwiched

therebetween and are then put in a corrugated fiberboard
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hei“ght eni ng t he efficiency of packagi ng as descri bed above, foaned
nol di ngs (especially for .use as cushioning materials) ..generally have
conii i cat ed shapes having many thick and thin parts and nmany recessed and
projected parts. Anot her inportant desire of the material is to
further increase the strength (rigidity) of foamed nmoldings. In cushioning
materi al applications, foanmed noldings having a higher strength can have
not only a reduced contents- - -4-
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a hi gher |evel appear ance, ilrty, I gher

| evel of CQHEV?S§h0F1?trE”9ﬁW hQ@B B@EHGHEBBBQEd ¢B8eSthe purposeliggever, it
Is extrenmely difficulf to produce a foaned nolding of a Conplicated shape

?ﬁCRD?Z Lg?hsﬁbéﬂﬂngnanFiﬁpa&t Thi ehsacbeeraszldagi,r edcRenhar hakeea by
shape less apt to break or damage. Since users of cushioning
assembly packaging materials have desires to increase the
number of articles to be packed per package as much as
poésible in order to reduce transportation cost, the capacity
of a packaging material is required to be increased as much
as possible by reducing the éhiZRnesses of the frame and
partitions to the lowest possible level on which the contents
can be prevented from being damaged. In the example.éhown,
the frame 1 and the partitions 2 are constituted of thin-wall
parts having a thickness as small as about 10 mm. As a
result of the demand of the market to reduce the use amount
of expanded beads and to reduce transportation cost by
heightening the efficiency of packaging as described above,
foamed moldings (especially for use as cushioning materials)
generally have complicated shapes having many thick and thin
parts and many recessed and projected parts.

Another important desire of the material is to
further increase the strength (;igidity) of foamed moldings.

In cushioning material applications, foamed moldings having a

higher strength can have not only a reduced contents-
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nmol di ng from any of the conventi onal pre-expanded noncrosslinked

pol yet hyl ene beads including those disclosed in the refierences cited
aboyvé. In the case of using a nold of a conplicated shape havi ng many
recessed and projected parts and many parts for formng thick and thin
wall's, etc., thin-wall parts of the expandable beads, e.g., the frame 1 in
Fig. 1, etc., are apt to be overheated during heating in in-nold nmolding
because of their good perneability to steam while thick-wall parts

(pr-oj ected . r,o0l | _ 'tkk hei ght_of about 50 mm such as
t hose shown %tn%rf%&re lf%ce%élinmilfg& ° %J‘ré\ by LREuiTe Flhg. t 1d( B),
are | ess i oni _ -5 e at e

because of qfuhse}iurorluor\l/g ppeerrnfepaxg(lla}rﬁey' t%utstaeaén?du%%% vf)%lr stﬁé]éﬁ%%% pa Ritions

2 are apt tgudiessdmp diasd i}{mzhép_cg&e,{(ﬁ{h WI - %@ﬁfé‘ﬁ{%@iﬁs& are

di sposed therearound face to face at a s stanc erence

anong st eamwesligteanfedustiich t@ irdddtiticE e E ¢ Qiéﬂéiﬁggm%i&ﬁicﬁ hea b &bt NY

tenperature for the nolding is adjusted to a value at ch the parts apt

to suffer desmedtigipeivitdr amghrdonvemyictel Brps-adkpanded 6sadséj ng
nol ding partly has insufficient fusion bonding among beads. Thus, heating
spots tenwhexehy feorfusther nddudtdarn g teheparss wmodmt ¢ eexpandedg i s
adjusted to a value suitable for the parts |ess

beads is possible.

Under these circumstances, moldings having many
recessed and projected parts have come to be required to have
a higher level of appearance, i.e., in-mold moldability, and

a higher level of compression strength than conventional

- S

ones.
However, it is extremely difficult to produce a
foamed molding of a complicated shape such as that shbwn in
Fig. 1, which achieves desired performance, by in-mold hot
molding from any of the conventional pre-expanded
noncrosslinked polyethylene beads including those disclosed
in the references cited above. 1In the case of using a mold
of a complicated shape having many recessed and projected
parts and many parts fqr forming thick and thin walls, etc.,
thin-wall parts of the expandable beads, e.g., the frame 1 in
Fig. 1, etc., are apt to be overheated during heating in
in-mold molding because of their good permeability to steam,
while thick-wall parts (project;d parts), e.g., projections
with a height of about 50 mm such as those shown by numerals

3 to 5 in Fig. 1 (A) and by 6 and 7 in Fig. 1 (B), are less
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apr'zo be heated, a defective nolding results which has

cell breakage and shri nki:ng phenonena. These cel.l breakage and
shri:nkage phenomena are attributable to properties of “the pre-expanded

noncr ossl
bet ween

i nked pol yethyl ene resin beads, that is, a small difference
the tenperature at which the expanded beads begin to fuse and

tenpérature at which the expanded beads begin to undergo cell breakage

shri nkage phenonena (a narrom/range of

nmol:di ng) .
equi pnent
fluctuati

| n aq:dl Eb OE‘ 3’5 ual | ??:Eti‘er m rOdUth'}gﬁnaéL uct 'é)enam,

partly under gone

t he
and

heat i ng tenperatures sui table for

be perforﬁg’g1 gQ—, s"lli(a?nt eg‘ﬁ%ﬁg‘ Souizgtalfr :tacpi%etro Tc%e:]vaélorﬁphgel r%gi:gangot

attain st

producti on

to wi den

| east a given val ue.

m

al 5:% d e%&ﬁfh %éc%‘ﬂs%e GNP Ho1ds drd Silspddbdt | Ong-ter
eration, 1 fecess - 6-
t%éx@&&%nﬁi‘d HeRld D tf%@ée 33& tcﬁ@@axfé?—f an®! i e £k
er Iy expand pre-expanded eads

to obtain amdhgd fst%taﬁrersq:tﬁéawf&w&rsdw Ilhmlfmmﬂgaﬁﬂﬂrmmng et atfs

i ntact hi

gh conpression strength and rigidity, which is the other desir

e

of the marktie hidadisaerpiiratui@liférhate ndldEnR tis Ml justet ddan 0. 940
g/ cnB. However, in conventional noncrosslinked pre- expanded beads, hi gher

value at which the parts apt to suffer overheating neither
shrink nor deteriorate, the resulting molding partly has
insufficient fusion bonding among beads. Thus, heating spots
tend to be formed. If the heating temperature for the
molding is adjusted to a value suitable for the parts less
apt to be heated, a defective molding results which has
partly undergone cell breakage and shrinking phenomena.

These cell breakage and shrinkage phenomena afe
attributable to properties of the pre-expanded noncrosslinked
polyethylene resin beads, that is, a small difference between
the temperature at which the expanded beads begin to fuse and
the temperature at which the expanded beads begin to undergo
cell breakage and shrinkage phenomena (a narrow range of
heating temperatures suitable for molding). In addition, in
actual long-term production in production equipment, the
steam molding pressure always fluctuates due to fluctuations
of pressure of a steam source, etc., so that molding cannot
be performed at a constant heating temperature. Therefore,

in order to attain stable production with a low percentage of

rejects in a long-term production operation, it is necessary

. = 6 = |



dentsities of the base resins tend to result in narrower ranges of heating
t enperatures suitable fof. nol ding, and noldings of conplicated shapes
cannet be obtained fromany base resin having a density of 0.940 g/cn8.
There are the followi ng two known processes for produci ng pre-expanded
beads. One process is the so-called "flash expansion nethod," which
conpri ses introduci ng an agqueous suspension of expandabl e resin beads
inpregnated with a foamng agent into a pressure vessel, regulating t he

For foam nds HRIEhe d.rsae%s%egqv 3%%@%32%@%%&%%&% & & one-end
of the ves ﬁgusp pension nmediuminto an
atm)sphere%ﬁ%awﬁg;e arfni atur ‘ordi nary pressure to expand t he
expandabl e resin begfgide tP IR jy\/@;‘r@l}w wrgj%g g@%

desired high expan??gn ratlo areQ%£ ain n-one ep. The ot her process

is the so- GBdHih "Mﬂdﬁl%nd@{%@lwﬁidéiéﬂzfm&ﬂn@ﬂw1whi’\lélh ch
conpri ses infiltrating a smal

anount of ardtAEANAMGRIY HiYD d@@ﬁbsd&&ﬁﬂ%ﬂfb@ﬁn effdir eLyRSEey, wWiEng
out the inpregnated resin beads after cooling, transferring the sane to a

foam ng tanlg theathuyr idesifmmoihcHianarkets, tidrpdadaertesin tsibbeld diave

foam ng to expand the resin beads to thereby obtain expanded
a density not lower than 0.940 g/cm’. However, in
conventional noncrosslinked pre-éxpanded beads, higher
densities of the base resins tend to result in narrower
ranges of heating temperatures suitable for molding, and
moldings of complicated shapes cannot be obtained from any
base resin having a density ;f56;940 g/cmd.

There are the followiné two known processes for

producing pre-expanded beads. One process is the so;Ealled
"flash expansion method," which comprises introducing an
agueous suspension of expandable resin beads impregnated with
a foaming agent into a pressure vessel, regulating the
expandable resin beads in the vessel so as to have a
temperature suitable for foaming, and then discharging the
expandable resin beads from one end of fhe vessel together
with the aqueous suspension medium into an atmosphere havihg
ordinary temperature and ordinary pressure to expand the
expandable resin beads in a moment, whereby expanded beads
having a desired high expansion—ratio are obtained in one

step. The other process is the so-called "multistage

temperature-rising expansion method," which comprises



beads having a | ow expansion ratio, and then subjecting the obtained
expanded beads several tines to a step in which an inorganic gas is forced
inta~cells of the expanded beads in a pressure vessel to give expandable
expanded beads and the expandabl e beads are expanded by heating to obtain
expanded beads having a higher expansion ratio, whereby the expansion
rati © of expanded beads is hei ghtened stepw se. These two expansion

nmet hods each was devel oped as an i nproved expansi on nethod for

Phe w1 ash SESRABEIN i A1 £ ddint o 5 88 o agent 1AEE ¥8b1n e
e 1 ofd Oy SR o MRS e ORLULL P R LANRE Bhoe,
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"mul tistagend ALK erdaminy tEPHS &N dRpePalturd heustEP1ENEYRI Ch
expandabl e beads 1o be foaned (expanded) are heated to a tenperature

sui tabl e f ofoamDeg €@ éfpHeddeld fedin Aedde Nt b OEHG ALY 20t4 ¥R SEéRpanded
Because of this, the foam ng agent (inorganic gas) cannot be inhibited

from goi ng bewys chaving tai Fowestpars fovil, ratio, and then subjecting the

- 8- addi tion, the nethod undergoes a phenonenon 1 n which foam ng

(expansi on)oliesinmesd betpareddéd coeads et ra betdisesr to heastept in which an
inorganic gas is forced into cells of the expanded beads in a
pressure vessel to give expandable expanded beads and the
expandable beads are expanded by heating to obtain expanded
beads-having a higher expansion ratio, whereby the expansion
ratio of expanded beads is h;i;htened stepwise. These two
expansion methods each was developed as an improved expansion
method for polyethylene resins which are difficult t6 expand.

However, when the "flash expansion method" is

compared with the "multistage temperature-rising expansion
method" in inhibition of the flying of a foaming agent and in
a high degree of control of the range of temperatures
suitable for foaming with heating, the "flush expansion
method" is more advantageous. The reasons for this are as
follows. First, in the "multistage temperature-rising
expansion method," the step in which'expandable beads to be
foamed (expanded) are heated to a temperature suitable for
foaming is conducted in an opeﬂ foaming tank (vessel).

Because of this, the foaming agent (inorganic gas) cannot be

inhibited from going away during this heating and, in



a t'enperature suitable for foam ng. Consequently, even though the

mul tistage tenperature-rising expansion nethod is appl.i:¢able to resins
(e..g-, resins nodified by crosslinking) which have a sufficiently w dened
range of temperatures suitable for foamng with heating (tenperatures at
which the viscosity is suitable for foamng), the nethod is unsuitable

for Finear high-density polyethyl ene resins having a narrow range of
tenperatures suitable for foam ng because such polyethyl ene resins undergo

di {1 .”ihf’? et S T ?m&“i%m%r SRR e T
Lgf'ygf ny | entSrREFod] Belting WHSle the Bleditiibis Blige Yie I8P V15, o,
have 8 sii GhiTSRyHerny LAl ol AP, TR Rreaielys SVl e o0

the functigidn Sk MMOESt eé;ékf‘ﬁé%i@%raéﬂ@yﬂsm f%%né’ur métkéd igese

expanded beads have a disord structure I Nng expansi on

and thi's diggsmesabre 08 Irdd il (8 8. Pravemis AGEEEL U P PRSI RRERS) | 1 O

giving a nolding of good quality In contrast,” the "flash
expansi on el 'have £t RgERUSly widstiedi éf‘@femﬂpélﬁé)t@réem n beads

in a closed vessel can be kept in a state suitable for foam ng

-9- suitable for foaming with heating (temperatures at which the
viscosity is suitable for foaming), the method is unsuitable
for linear high-density polyethylene resins having a narrow
range of temperatures suitable for foaming because such
polyethylene resins undergo a considerable disorder in cell
structure during expansion, éa;;ng it very difficult to
obtain expanded beads from the noncrosslinked polyethylene
resins. It is noted in this connection that when liﬁear low-
density polyethylene resins are used, expanded beads may be
obtained therefrom by the "multistage temperature-rising
expansion method" because such resins have a slightly wider
range of temperatures suitable for foaming due to the
function of a comonomer component. However, in this case
also, these expanded beads have a disorder in cell structure
caused during expansion and this disoxrder in cell structure
prevents these pre-expanded beads from giving a molding of
good quality.

In contrast, the "flash'expansion method" is

advantageous in that since the expandable resin beads in a

closed vessel can be kept in a state suitable for foaming



unt’i| di scharge and expansion by regulating or controlling the pressure
and tenperature of the vessel, even a resiTHIS SHRRTHASBEEN ati vel y narrow

range of tenperatures suitable for foaming (3 FRLASER i es suitable for

foam ng) can be easily expanded. As a restd mmﬂded beads havi ng an
expansion ratio as high as 60 cc/g can beuMlH mﬂ“ one-step
expansi on operati on. In view of the fact that the current

"mul ti stage tenperature-rising expansion nethod" cannot be used for

obt ai ni ng expandged; ;Reads avi ng
a high density nglillovve %%@Wﬁnﬁxr espéﬁ%y no t han
0.940 g/ cnB)ypd ?ﬂ&%ﬁ@%ﬂ“ﬂeﬁiﬂéﬁétu@é 0 Wrle %é@&duc&e@%%w&&eads

whi ch have a w tenperature range suitable for dlng as wel

sati sfact or haRasit PNty narrow raNgeo'dH "ﬂlirdbeﬂhﬁﬁsecémq{alil@ for
present inventionis to prOV|de pr e- expanded noncrosslinked pol yet hyl ene

resin beads fousiialy haMscdsiities eWitadile &0 T &a;?l &dm ben-g@d iyl di ng
for producing a satisfactory nolding of a conplicated shape, and which can

gi ve a nol diexpanadedng asdesiresthlignpresexpanddd degids dral imgdrd ent

cushi oni ng properties even when having a high expansion ratio.

Anot her obj ectpagis itone rertdoermts ihdgintaiso60 sa/g waov ke okt auimssk sshatmugthi ch
expanded noncrosslinked pol yethyl ene resin beads having the properties
descrlbed alonge stePp @gaan@mo@e@peagaqu ' - 10

In view of the fact that the current "multistage
temperature-rising expansion method" cannot be used for
obtaining expanded beads from any noncrosslinked polyethylene
resin having a high density (not lower than 0.936 g/cm?,
especially not lower than 0-525 -g/cm®), it has been extremely
difficult to produce expanded beads which have a wide
temperature range suitable for molding as well as
satisfactory basic properties.

Accordingly, an object of the present invention is to
provide pre-expanded noncrosslinked polyethylene resin beads
which have a wide temperature range usable in in-mold molding
for producing a satisfactory molding of a complicated shape,
and which can give a molding having a desired compression
strength and éxcellent.cushioning properties even when having
a high expansion ratio.

Another object of the present invention is to provide
a process by which expanded noncrosslinked ethylene resin
beads having the propérties described above can be provided

easily.

- 10 - This Sheet Has Been Replac
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Still anot her obj ect of the present invention is to provide a "multistage
tenperature-rising expansion nethod by whi ch expanded noncrossli nked
pol yet hyl ene resin beads having t heTH ASBEENscri bed above can be
provi ded easily. DI SCLOSURE OF THE I As a result of

I ntensi ve studies, the present nd that a m xed resin,

whi ch upon analysis wth a di fferqm{lmnlltmlmuuucal orineter (DSC) shows
properties within a specific range, can glve "pr e- expanded beads havi ng a
wi de tenperature rangs guigd ggimg ﬁ% ﬁW&i

conpressi on strength (expan Ighgﬁ%eaé) f  good quality)" even en f%e m xed
resinis a AR | £MGqu T 68 tth er{aid 1yiPin e%?fhr%fd’ﬁelﬁéﬂhéﬁ" b

hi gher, mhi@%}re5|n has been t ouéﬁg)to be difficult to give such o

pr e- expandedyh iR dxpakitfed Msifitod SMVEKd D et 1Rfl S18e Nr I | 19 88 DRSETn@Nthe
this finding. Since the pre- expanded beads obtai ned have high conpression

strengt h pr qussgensiesndeson ited tabgppey ajan de rprmeidad tedsd £1y or nol di ng,

t he beads can neet the desire of the narket to attain a reduction in

| oad- bearing area, a reduction in nolding thickness, an increase in
expansion ratio, etc., while retaining intact cushioning properties.

The present DYBGLASURE iGF SR MNVENRIOMY the foll owi ng pre-expanded beads:

As a result of intensive studies, the present
inventors have found that a.mixed resin, which upon analysis
with a differential scanning calorimeter (DSC) shows
properties within a specific range, can give "pre-expanded
beads having a wide temperature range suitable for molding as
well as sufficient compress;o;.strength (expanded beads of
good quality)" even when the mixed resin is a polyethylene
resin having a density of 0.936 g/cm® or higher, which resin
has been thought to be difficult to give such pre-expanded
beads. The present'invention has been completed based on
this finding. Since the pre-expanded beads obtained have
high compression strength properties and a wider temperature
range suitable for molding, the beads can meet the desire of
the market to attain a reduction in load-bearing area, a
reduction in molding thickness, an increase in expansion
ratio, etc., while retaining intact Cushioning properties.

The present invention is accomplished by the
following pre-expanded beads: i

1) Pre-expanded noncrosslinked polyethylene resin

beads comprising a mixed resin comprising a high-pressure-

- 11 -
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1) “Pre- expanded noncrosslinked pol yethyl ene resin beads conprising a m xed
resin conprising a high-pressure- process | owdensity :
pol yet hyl ene, a linear |owdensity polyethylene, and a |linear high-density
pol'yet hyl ene, characterized in that when a result of neasurenent of the

m xed resin with a differential scanning calorineter (DSC) at a heating
rate-of 10[err]C/ mn is expressed as a fusion endothermc curve, the
fusion endotherm c curve is a nountain-shaped curve having a single peak,

point of | RECLESs Ao-oRne Y, BRHTRIVAEN e rinFs A GRS Liche
' he b |41 f Jl.ne fysi ' '

reforr EB“[ |§=°§§r'e%,hﬁ%éa e il Y i, " '

Bt Wi ch o Reracane ke 48 ot wivn, o S [ Atefiidaedl 4L T r o

) Cnt f usi ; R E,
X1 S DLt RIS Kol VA LR HE U el g AR (rfbe UL

a tenperature w aped curve part ndi cat e

length of  gepERAR nlgE datel dfeMI0lPE MIinTA/sf expressed ad dIgRdanded
noncr ossl i nked pol yet hyl ene resin beads- as descri bed above, wherein the

m xed resi gndethermdy Furd@)sithe Fugiondhddbihdrmnid Tk d.a 3)

Pr e- expanded noncrosslinked pol yethyl ene resin beads as descri bed above,

wherein a kowdda ihi-ghaghesds icurved Blaydndy lae id rigiiel Jpeikt, ard Rimn M Peadensity

polyethylegiint of the mountain-shaped curve is referred to as A, a
point of intersection of a perpendicular line drawn from A to
the temperature axis and the base line of the fusion
endothermic curve is referred to as B, a point interiorly
dividing segment AB in the pé?S;ndicular line in a ratio of
9:1 is referred to as C, and two points at which a straight
line drawn through C and parallel to the temperature.éxis
intersects the fusion endothermic curve are referred to as D
and E, a temperature.width of the mountain-shaped curve part
indicated by a length of segment DE is 15°C or more.

2) Pre-expanded noncrosslinked polyethylene resin
beads as described above, wherein the mixed resin has a resin
density of from 0.936 to 0.952 g/cm’.

3) Pre-expénded noncrosslinked polyethylene resin
beads as described above, wherein a linear high-density
polyethylene (HD1l) and a linear high-density polyethylene
(HD2) are used as the linear hiéh-denéity polyethylene, and

the linear low-density polyethylene (LL) and the linear high-

- 12 -



(HD2) are used as the | i near high-density polyethylene and the |inear

| ow-density pol yethyl eng-(LL) and the |inear high-

- 12~ density pol yethyl enes (HD1) and (HD2) satlsfy t he
foll owi ng expression: (mMHD2 + nmiL)/2 - 2 [err] nHDL [err] (nHD2
+ nmL)/2 + 2 (wherein nLL, nHD1l, and nHD2 represent nelting points of
the 1inear |owdensity pol yethylene (LL), the |inear high-density

pol yet hyl ene (HD1l), and the l'i near high-density polyethylene (HD2),

ol Towi g o CRALEY (Ro1yeORTLOAES oL [y (itne] e20sBy 8RB ESTfSyRhg o

for prodUC|é*bf§ggf3§anded noncrossllnked pol yet hyl ene resin beads which
conprises steps of infiltrating a foanm ng agent into beads of a

pol yethyl ene resin and expandi ng the pol yet hyl ene resin beads,
characterized in that a mxed resin is used as the polyethylene resin,

whi ch conprises (i )(Iﬁumnq?,qnﬂmﬁﬁ WM 0 Ofmpmsn Né g(/hm?f Yhier, PF HCE£SS

| ow-density pol yethylene resin having a densit from 07920 to 0.930
g/cnferr] and a nelting point (nLD) of fron1108 to 118[err]C (ii) fromb
to 30 wt% of a |inear

(wherein mLL, mHD1, and mHD2 represent melting points of the
linear low-density polyethylene (LL), the linear high-density
polyethylene (HDl), and the linear high-density polyethylene
(HD2), respectively).

' The present invention is also accomplished by the
following process for producing pre-expanded beads:

4) A process for preAZEing pre-expanded
noncrosslinked polyethylene resin beads which comprises steps
of infiltrating a foaming agent into beads of a polyethylene
resin and expanding the polyethylene resin beads,
~characterized in that a mixed resin is used as the
polyethylene resin, which comprises (i) from 30 to 50 wt% of
a high-pressure-process low-density polyethylene resin having
a density of from 0.920 to 0.930 g/cm® and a melting point
(MLD) of from 108 to 118°C, (ii) from 5 to 30 wt% of a linear
low-density polyethylene resin having a density of from 0.916
to 0.938 g/cm’ and a melting point (mLL) of from 118 to
123°C, (iii) from 20 to 45 wt% of a linear high-density
polyethylene resin having a deeeity of from 0.955 to 0.970
g/cm® and a melting point (mHD2) of from 128 to 135°C, and

(iv) from 10 to 35 wt% of a linear high-density polyethylene

- 13 -



| ow- density pol yethylene resin having a density of fromO0.916 to 0.938
g/cnB8 and a nelting point (nmLL) of from 118 to 123[err].C (iii) from20 to
45 wt % of a linear high-density polyethylene resin having a density of
fromO0.955 to 0.970 g/cnB and a nelting point (nHD2) of from 128 to
135[err]C, and (iv) from10 to 35 wt% of a linear high-density

pol yet hyl ene : _ - 13 - resin having
a density of from0.940 to 0.954 g/cnferr] and a nelting point (nHD1)

satisfying the, fallow ng expression.(l1): ( mL)/2 .- 2 <
DL < ( P VAL % ABTEEY B (dhom 0.940 k0 0t FRR Gl Adf A 10

pr e- expanded ,.noncrossl.in ol vet hyl ene resi n_.beads. as described a e,
hher o1 nt ndve S RSt BT S5 e e roBEORLAS SEBRSEFERR Y

6) A process for producing pre-expanded noncrosslinked polyethyl ene resin
beads as descri bed above, wherein a nmultistage tenperature-rising

expansion nethod is I i c | } b A t | m n ent
into resin beads, (hea [ nﬁ%e) )é%ma gé)_gﬁ%fﬁél Qﬁ‘?ﬁ eiggir'l]gg{j?biég%s ﬁgg ng

an expansion ratio of from1l.5 to 3.5 cc/g, then infiltrating a foam ng
agent into cells of the lowy expanded

5) A process for producing pre-expanded
noncrosslinked polyethylene resin beads as described above,
wherein the mixed resin has a density of from 0.936 to 0.952
g/cmd,

6) A process for producing pre-expanded

noncrosslinked polyethylene regin beads as described above,

- T

wherein a multistage temperature-rising expansion method is
employed, which comprises infiltrating a foaming agent into
resin beads, heating the same to obtain lowly expandéd beads
having an expansion ratio of from 1.5 to 3.5 cc/g, then
infiltrating a foaming agent into cells of the lowly expanded
beads, and heating the same to obtain expanded beads having a
higher expansion ratio.

7) A process for producing pre-expanded
noncrosslinked polyethylene resin beads as described above,
wherein a step, in which a foaming agent is infiltrated into
cells of the lowly expanded beads and the same are heated to
obtain expanded beads having a higher expansion ratio, is
repeatedly conducted from two 6? four times, so as to produce

expanded beads having an expansion ratio of from 6 to 60

cc/g.
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beédé, and heating the sane to obtain expanded beads having a higher

expansi on
noncs ossl i

ratio. ... 7) A process for producing pre-expanded
nked polyethylene resin beads as descri bed above, wherein a

step, in which a foamng agent is infiltrated into cells of the lowy

expanded beads and the sane are heated to

hi gher expansion ratio, is repeatedly conducted fromtwo or four tines,
as to produce expanded beads havi ng an expansion ratio of from6 to 60

- - - * BRI EF DESCRI PTI ON OF
THE DRAW NERIEF DESCR%E%iOquESQ§§HQ§§ﬁiqq§nraIing f oanmed nol di ngs of a

compl i cated shape Wigh! § 5ol § o ks Hiingd) IS ISE 2

cclg.

t echni cal

|| 1ustrat e%o?ng}'ité&%d“ %rha?’%it ‘rf]{ifﬁitrﬂy‘%eéi*l"eé S ‘ﬁ{ae‘rlé’éig.t h4I£i|[g§.r ;ﬂ C of a

nount ai n-s

effect o se of a reSin having a her

hapé&d curve par present invention. Fg.

perspectivg MaWraited a edinid dadl dfifidée! Ioa idie T Gddit Hawidid | and
of the nold cavity) used for evaluating the present 7 nvention.

thin parts
Fig. 5is

di sposed on the nold surface.

hidhee’ FEity.pl Figul SViAustHUE a Mt 1Y dBYEYaRinihd e
the temperature width (°C) of a mountain-shaped curve part in
the present invention. Fig._4 is a perspective view of a
molding for illustrating a mold (thick parts and thin parts
of the mold cavity) used for evaluating the present
invention. Fig.-5 is a diagrammatic plan view of a steam-~

introducing member to be disposed on the mold surface.

- B,

BEST MODE FOR CARRYING OUT THE INVENTION

The substance of the constitution of the.preéént
invention reside in pre-expanded noncrosslinked polyethylene
resin beads comprising a mixed resin comprising a high-
pressure-process low-density polyethylene, a linear low-
density polyethylene, and a linear high-density polyethylene,
the mixed resin preferably having a resin density of from
0.936 to 0.952 g/cm’® and, when analyzed with a differential
scanning calorimeter (DSC), giving a fusion endothermic curve
which is a mountain-shaped curve having a single peak, in
which, when the peak point of the mountain-shaped curve is
referred to as A, the point of intersection of the

perpendicular line drawn to the temperature axis from peak

point A and the base line of the fusion endothermic curve is

- 15 -
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The substance of the constitution of the present invention reside in

pre- expanded noncrosslinked pol yethyl ene resin beads conprising a m xed
resi m conprising a high- pressure-process |owdensity polyethylene, a
linear | ow density polyethylene, and a |linear high-density polyethyl ene,
the m xed resin preferably having a resin density of from 0.936 to 0.952
g/cnf'err] and, when analyzed with a differential scanning cal orineter
(DSC), giving a fusion endotherm c curve which is a nountain-shaped curve

havi i ki ich when th k point of.th t ai n- shaped
carvelis S AEERRES ko b AL SR (IR BB dhv g SRR b oRB Ll ar
line d axi k point A and.th ¥ f
Lhe fus, on S GEREt A 4G Sl PRARS oSN {n Perefreq %S a4.E,

rvervorly e ks YA B Rl GRS LA ubl? £ R G

Is referred to as C, nd the two poin

through C el gaialilenl o € LIRS ot S AL AISEH] ScidiCedaleb g™

endotherm c curve are referred to"as D and hen t enperature w dth

of the nourinRiothEERd WS iR trddtirdded o tdie D il e Ofernsg e DE is

15[ err] C or nore. The contents of the present invention will be
expl ai ned empasaturey eidtihidf the mountadiilghdpdi MANFOFd i+ @fich is

pol yet hyl ene feedstock resin in the present invention is desirably a

pol yet hyl ercher dengthn ofasegimentt DEO MY A5 dwms@ss! i nked state, it may

have been The contents of the presént invention will be
explained below in more detail.

While the noncrosslinked polyethylene feedstock resin
in the present invention is desirably a polyethylene resin in
an almost completely noncros;i;;ked state, it may have been
slightly crosslinked within the range, as far as the resin is
capable of repelletization. In this case, the degreé of
crosslinking is up to 10% in terms of gel content.

The pre-expanded noncrosslinked polyethylene beads of
the present invention, when analyzed with a differential
scanning calorimeter (DSC), give a fusion endothermic curve
which is a mountain-shaped curve having a single peak. This
property constitutes a large difference between the beads of
the present invention and the conventional pre-expanded
noncrosslinked polyethylene resin beads desirably having two
peaks  (described, e.g., in JP-A-64-1741). Further, the
noncrosslinked pre-expanded bea&s described in JP-A-6-157803,

which are made of a three-component mixed polyethylene resin

comprising a low-density polyethylene (LD), a linear low-
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slightly crosslinked within the range, as far as the resin is capable of
repelletization. In this, case, the degree of crosslinking.is up to 10%in
terns of gel content. | The pre-expanded noncrosslinked pol yet hyl ene
beads of the present invention, when analyzed with a differenti al

scanni ng cal orineter (DSC), give a fusion endothermc curve which is a
nount ai n- shaped curve having a single peak. This property constitutes a

| arge di fference between the beads of the present invention and the

dosi rab S”ﬁdavﬁ}ﬁ@%ﬁﬁw%s@ﬂ i IR, o lyehene
the noncrgﬁﬁiz kil RIS ent 4 Xt?eﬁ-?%% ygﬁﬁéylélﬁﬁ' of' thes A Svdadddee V"“' ch

are made o ree-conpo ene resin conprisin

| ow- densi t agiynding idPand tHd9gH-Wénsit lyethyl HD2) of
- 16 - 3@@ l}c;I!‘SeFLnS|ty p)oDIa;let hyl ene (LL) e c?apohl g?\ en?srll?y( ) °

pol yet hyl ergs% Zéel fewy MGy e € AHE H Iﬁ.fxédle.céslm en sty OWE deFGmt Y
pol yet hyl ene (L t he hi gh-density pol yethyl ene (HD2) o 55% by wei ght

or hi gher a\d20 rﬁdangmlgvciémshhyeohotr amsifgd20biut @wddPeakesnB8, have not
a single but two peaks. In the present invention, the presence of

a single peak indiImttee tpr@sent tigremtsion Cailsd iprdserpeadt avadimglei . e

in the m xed resin conprising a high-pressure-process
peak indicates that in the resin constituting cell walls,
i.e., in the mixed resin comprising a high-~pressure-process
low-density polyethylene (LD), a linear low-density
polyethylene (LL), and a linear high-density polyethylene
(HD), the three components are -in a well compatibilized
state. Namely, it means tha£ ;hén the mixed resin having the
above property and constituting the cell walls of the
pre-expanded beads fuses and flbws at a molding température,
the components interlock with one another on a molecular
segment level to have the property of retaining a suitable
viscosity in a wide temperature range to thereby widen the
temperature range suitable for molding.

The temperature at which the single peak appears
varies depending on the kind of the polyethylene resin used,
and is not particularly limited. -The peak temperature is
generally in the range of from 122 to 128°C and the fusion
end point is generally in the range of from 124 to 134°C.

The mountain-shaped cufbe part should have a

temperature width of 15°C or more, which is also intended for

improving the moldability of pre-expanded beads (widening the
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|OMFdenSIty pol yethylene (LD), a linear |owdensity polyethylene (LL), and
a |linear high-density polyethylene (HD), the three conponents are in a
wel |.-conmpati bilized state. Nanmely, it nmeans that when the mixed resin
havi ng the above property and constituting the cell walls of the

pre- expanded beads fuses and flows at a nolding tenperature, the
conponents interlock with one another on a nol ecul ar segnent |evel to have
the property of retaining a suitable viscosity in a wi de tenperature range

tgnégféfﬁ?e@a&% %%2&% S I T i 'lgg’psdln’gsg FIRS ki EE
fﬁg}t)gialtogae I'S genera y m?zqﬁmggcmes rorl?%élqérél%% é’&rﬂgé d%@ga
The nDunta?ﬁﬁgﬂgggﬁ§§€§9§k%g%?d#%éqgaﬂé§%§i %éi%ﬁ?éﬁﬁhé(§5%?41 %§15[err]c
or nore, risS ¥ %géﬂa@i@@i&pmem&faﬂé&ﬁ& tENpgR ey aq{d

pre- expanded eads (wi dening the -

t enper at ur eindeigP el id Ainf fizhdidIdhaige ibhiveddodiasausietn c}fangeﬂx eSI n
constituting the cell walls of pre-expanded beads which has a w der

appar ent nelempegratuire. r gt dreadudld it latuded widith a0l 150V ot tkore

i ncreasing tenperature and undergoes a di m nished change in viscosity with
changi ng means that the pre-expanded beads have an enlarged difference

between the temperature at which the expanded beads begin to
fuse and the temperature at which the expanded beads begin to
undergo cell breakage and shrinkage phenomena and thus have a
widened range suitable for molding. The present inventors
found that in order to produees;he effects of the present
invention, in particular to obtain pre-expanded beads having
a wide range suitable for molding, it is important, Bj using
the "temperature width of a mountain-shaped curve part" as an
index, to specify the viscosity change with changing
temperature of pre-expanded beads in the semi-fused state
from the initiation to the termination of melting. They
directed ettention to the fact that the known prior art mixed
polyethylene resins have an insufficient range suitable for
molding from the standpoint of producing moldings of
complicated shapes having many recessed and projected parts,
since these resins do not satisfy the requirement of “sinéle
peak" and the requirement conce;ning "temperature width of a

mountain-shaped curve part." The present inventors found the

importance of the "single peak" and a preferred range of the
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tenperature. That is, the tenperature width of 15[err]C or nore neans that
t he pre-expanded beads ‘have an enlarged difference between the tenperature
at.whi ch the expanded beads begin to fuse and the tenperature at which the
expanded beads begin to undergo cell hreakage and shrinkage phenonena and
thus have a w dened range suitable for nolding. The present inventors
found that in order to produce the effects of the present invention, in
particular to obtain pre-expanded beads having a w de range suitable for

. di , 1ty t "t
rount ai - srAsTp R byidbh, % 10 m°‘13§°alfte-’g%e#2%4‘¥°§“¥”ﬁe RATSALLR TN
th ch t at
from the et e 4, dRRBRT IR Randde &?%ec#ﬁﬁg%ftin?i on
to the factydiAleHyIerde Wiked 'x‘Hsﬁ{tbeer%e?x il e&ﬁyéé% sEskegedave an

|nsuff|C|ed) range suitable for nolding e stan 0|nt of producing
nol di ngs of  conpl ingad %%oiﬁéa&@i;f &‘éﬁ&ﬁ@'ﬁkﬂr@c%&ﬁﬁﬂ: malmmd; parts,
tis

since these resins do not sa y the requi rement of "single peak” and the

requi r emente fABWRES NiTHE "Prvesdpinder] Welds Have IHYved Rdbdesi Titye(a
part." The present inventors found the inportance of the "single peak" and

a pref err eaviidungal dferiperature range suitable for molding)ltand are hence
“tenperature width of a mountain-shaped curve part,"” and have succeeded

first in praapabley gff gisvdpanded gqugna axslldimgedbf a complicated shape

which has parts having considerably different thicknesses and
in which the expanded beads constituting these parts having
different thicknesses have been evenly fused throughout the
molding. This improved fusion -in any part of the molding is
an important factor for impagfzng the designed basic
properties to the molding, and enables the whole molding to
retain the thermal properties inherent in the high-density
(0.936 to 0.952 g/cm®) resin and to thereby attain a
reduction in load-bearing area in cushioning materials and a
reduction in molding thickness.

The DSC fusion curve in the present invention is a
fusion curve obtained in an analysis in which DSC-7,
manufactured by Perkin-Elmer Corp., was used to heat about 2
mg of pre-expanded beads from 30°C to 200°C at a heating rate
of 10°C/min.

The temperature width (°C) of a mountain-shaped curve
part is determined as follows. iAs shown in Fig. 3, when the

peak point of the mountain-shaped curve is referred to as A,

the point of intersection of the perpendicular line drawn to
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pol yet hyl ene mi xed resin beads having these properties. The above
requi rements bring about..the followng effect. The pre-expanded beads have
i npreved noldability (a w dened tenperature range suitable for nol ding)

and are hence capable of giving, e.g., a nolding of a conplicated shape

whi ch has parts having considerably different thicknesses and in which the
expanded beads constituting these parts having different thicknesses have
been evenly fused throughout the nolding. This inproved fusion in any part

o e LULRY a6 FLS A58 Shof R phIRELM, | R CBRLATRSRSEC
(nerml orogRg 681 SR GEAndind oL £6"5pEec (R 9301050 B2 plgfber )

material s aﬂﬁt@riéfﬁf?&iﬁiﬁig%”?%&%Qﬂ?tﬂﬁcfHGEﬁe pe ?endicIESrD§§hEU?hoa

curve in the present” inventl usi on curve obtalned 1n an analysis

i n which DStatio &BNYEACL4 PEFOYrEQT kbNak! OB ah@l Phe ¥RS pPEEAtEOaBeghiahout
2 ny of pre-expanded beads from30[err]C to 200[err]C at  a heating rate

of . 10[err] Eménstraight linéedi&mpetRtonghVedand(peralelotoathe
nount ai n- shaped curve part is determned as follows. As shown in Fig. 3,

when the peatperatirefatie imtetsectshthedfasisr eéndothermgd taree Are the
poi nt of intersection of the perpendicular line drawn to
- 19 - referred to as D and E, the temperature width of the
mountain-shaped curve part can be determined from the length
of segment DE.

While the upper limit of the temperature width of the
mountain-shaped curve part is not particularly limited, it is
generally 40°C, preferably 36°Z;

It is preferred that the base resin for use in the
present invention be a mixed resin comprising a high;
pressure-process low-density polyethylene (LD), a linear low-
density polyethylene (LL), and a linear high-density
polyethylene (HD), from the standpoint of enhancing the
temperature width of the mountain-shaped curve part to
improve the molding properties.

Examples of the mixed resin having the DSC fusion
curve properties described above include a mixed resin in
which the linear high-density polyethylene (Hb) consists of a
linear high-density polyethylene (HD1l) and another linear
high-density polyethylene (HDZ{, and the linear low-density
polyethylene (LL) and the linear high-density polyethylenes

(HD1) and (HD2) preferably satisfy the following expression:
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the tenperature axis from peak point A and the base line of the fusion
endothermic curve is referred to as B, the point interiiorly dividing
segnent AB in the perpendicular line ina ratio of 9:1 is referred to as
C, and the two points at which the straight line drawn through C and
parallel to the tenperature axis intersects the fusion endothermc curve
are "referred to as D and E, the tenperature width of the nountain-shaped

curve part can be deternined fron1the Iength of segnent DE. Wi | e
the upper limt of n@& t}ﬁﬁ t@e pgd, curve part
I S not partlcularly te ﬁ1 is genera.% err]C prgrgra

30[err]C. |s preferred that the base resin for use in the

present invention be a mxed resin conprising a high- pressure-process

| ow-densi t y(«RdyetAAINe ki), dhd ifEsy :Ee%:esé&?@stﬁél ﬂ@iﬂﬁﬁeybsﬂﬁté Lot

and a I|near hi gh- den5|ty polyethylene fromthe standpoi nt of

enhanci ng tiife Xaiees doW-densiity Cﬂolﬁﬂ:ﬁ%:éﬁé“ (E5APEsle CLi NGaPahigho

i nprove the nol ding properties. les of the mxed resin having

t he DSC fuﬁmlmrpmlwuménQSﬁMp; i dred ﬁb@vhméa:t Ubgle-denetityesin in
whi ch the linear high-density pol yethylene (HD) consists of a |I|inear

hi gh- densi tpolymtistYereenfHE2 )1 )respeainiordlky) | i near hi gh-density
pol yet hyl ene (HD2), and the linear | owdensity polyethylene (LL) and the

| i near hi gh- densutﬁmpomwghﬁpnaaanrQ4ﬂI@cesaiIdixgeqnxﬁxwpmixethxlenq t he
fol |l owi ng expression:
(LDPE) for use in the present invention preferably has a

density of from 0.920 to 0.930 g/cm®, a melting point of from
108 to 118°C, and an MI (melt index: 190°C, 2.16 kg) of from
0.05 to 30 g/10 min, more preferably from 0.1 to 5.0 g/10
min. The linear low-density polyethylene (LLDPE) is a
copolymer of ethylene and at least one a-olefin having 3 to
12 carbon atoms. Examples of the a-olefin include pfopylene,
butene-1, pentene-l, hexene-1l, heptene-1l, octene-1,
4-methylpentene-1, l-decene, l-tetradecene, and l-octadecene;
these a-olefins may be used alone or a mixture of two or more
thereof. The linear low-density polyethylene has generally
an a-olefin unit content of generally from 2 to 10% by mol,
and preferably has a density of from 0.916 to 0.938 g/cm’®, a
melting point of from 118 to 123°C, and an MI of from 0.1 to
30 g/10 min, more preferably from 0.1 to 5.0 g/10 min. The
linear high-density polyethylene (HDPE) is a copolymer of
ethylene and at least one a-olefin having 3 to 8 carbon
atoms, which contains short branches and has an @-olefin unit

content lower than 2% by mol. Such linear high-density
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(mHD2 + mL)/2 - 2 < nHDL < (nmHD2 + milL)/2 + 2 (wherein nLL, nHD1l, and

nmHD2 represent the nmelting points of the linear |owdensity polyethylene

(LL)-~ the linear high- density polyethylene (HDl), and the I|inear

hi gh-density pol yethyl ene (HD2), respectively). The

hi gh- pressur e-process | owdensity pol yethylene (LDPE) for use in the

present invention preferably has a density of from0.920 to 0.930

g/cnferr], a nelting point of from 108 to 118[err]C, and an M (nelt

i ndex: 190 er+. 16 of Sfrom..0. 05 to 30 g/10 mn, e preferably

fromo. 1 todvseished drdcldiieisd 3t Bid Rl Ui orn s a

copol yner af geth n - fa WA . ar bon
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atoms. Exanpl'ds of the [err I'n 1 nclu propylen

pent ene- 1, gapXRRGvh erlEP 1%k | sm;h[ a‘{ﬁ HOZ R 15 rdm AP ’
1-tetradecene, an&’]lf- octa ecé#ejfr&cﬁd;se _ehrr é—%f{g% ns _ri;r/@%e rusetczlj(?a one or
a mxture afo ONQSY gRI®, hhﬁéiﬁin?-rbéih'tnﬁﬁr firome 42Rsitby 1Rgloyet Rneaq has
generally an a-olefin unit contenf of generally from2 to 10% by nol, and
preferabl y Mraof faow g 0Ptd r3omd) 19l euitrd, G:E¥erHs1¥ ef¥dm G, 1 € t5 1@ poi nt
of from118 to 123[err]C, and an of from0.1 to 30 g/10 mn, nore

pref erabl y gMominl. t edyetdyilenss belvngingass HDZhaend tdemsl tetdly| ene
(HDPE) is a copolyner of ethylene and at | east one [err]-olefin having 3
to 8 carborfromt @ 55mticc 10 .OW &j fvam’s har melbtdngheeiatdofasram [1@8r tool ef i n
uni t '

135°C, and an MI of from 0.05 to 30 g/10 min, preferably from
0.1 to 5.0 g/10 min. |

The resin density (g/cm®) in the present invention is
measured in accordance with ASTM D-1505.

The melting point (°C) df a resin in the present
invention is measured using DSC-7, manufactured by
Perkin-Elmer Corp., as an analyzer by a method compriéing
heating about 10 mg of a sample from 30°C to 200°C at a
heating rate of 10°C/min, maintaining the sample at that
temperature for 1 minute, cooling the sample to 30°C at a
rate of 10°C/min to crystallize the same, maintaining the
crystallized sample at that temperature for 1 minute, and
then reheating the crystallized sample at a rate of 10°/min
to obtain a fusion curve. The melting point is determined
from the peak value of this fusion curve.

The melt index MI in the present invention is
.measured in accordance with ASTh D-1238.

The density of the mixed resin for use as a base

material in the present invention is preferably from 0.936 to
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content |lower than 2% by nol. Such |inear high-density

- 21 - pol yet:hyl enes are classified into two:groups by density,
i.e.+ HD1 for |ower densities and HD2 for higher densities. Polyethylenes
bel onging to HD1 have a density of from0.940 to 0.954 g/cnferr], a
melting point of from 123 to 129[err]C, and an M of from0.05 to 30 g/10
mn, spreferably from0.1 to 5.0 ¢g/10 mn. Pol yethyl enes bel onging to HD2
have a density of from0.955 to 0.970 g/cnferr], a nmelting point of from

0.1 to 5 0 yinP WdiPe BrY pRbrbtRBy PaohC 0 948 B B85 a7 iR %rfeléiﬂl
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determined fromthe peak value of this fusion curve.
reqgulated to 0.952 g/cm’® or lower is that this is the highest
mixed-resin density value obtainable with the resin make-up
specified in the present invention. The substantial effect
of heightening the density of a polyethylene resin is
described below by reference_tS?Fig. 2.

In Fig. 2, symbol ® indicates a mixed resin according
to the present invention which has a density of 0.944 g/cm’,
while symbol O indicates a mixed resin consisting of'a high-
pressure~process low-density polyethylene (LD), a linear low-
density polyethylene (LL), and a linear high-density
polyethylene (HD2) and having a mixed-resin density of 0.935
g/cm®., The densities (kg/m’) (and expansion ratios (cc/g))
of moldings are plotted as abscissa and the compression
strengths (kg/cm?) of the moldings as ordinate to show the
relationship between density and compression strength on a
log~log scale. The values of compression strength used here
were obtained by examining foamgd moldings described in
Examples, specifically by examining the part C shown in Fig.
4. Compression strength is a basic property which governs

the cushioning performance of moldings.
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The melt index M in the present invention is nmeasured. in accordance with

ASTM D- 1238. The density of the mxed resin for. use as a base
matetial in the present invention is preferably from0.936 to
- 22 - 0.952 g/cnmerr], nore preferably from0.940 to 0.952

g/cnerr]. Regulating the density thereof to 0.936 g/cn8 or higher, in
parttcul ar 0.940 g/cnB or higher, is intended for inparting desired
properties including conpression strength to the pre-expanded pol yet hyl ene

sin bead d g} di hereaf ), b duced. Th why -t h
Gansi ty ¢ her cof 1 o NP QUTAERAES oroSImBEaRe L [RhRapdY VR ML 11 e
hi ghest ' - | | t i e .w.t.h t. | -

Speci Ti'ed P Pneth SEEREY Roiindl 0 s lhichdidfy (O iR g
the densit | Y 3i pgdob f t
g, o PolystAoHS WAL SB B e3 PRl BPCL S o L e h accor di ng

17 PLESREAAT o Shi S Ly i Lo o

synbol [er mxed resinconsisting of _
Dresour e DR RHOR 48tk R RN B achdi e e | OUng (TR X
e on” BB PSS s o Yoty % Al sisidy e
CONpressi Ohaving the same cushioning properties as a foamed molding
produced from the prior art mixed resin consisting of a high-
pressure-process low-density polyethylene (LD), a linear low-
density polyethylene (LL), and a linear high-density
polyethylene (HD2) and having a mixed-resin density of 0.935
g/cm®, it is possible to attaiAPE reduction in load-bearing
area in cushioning materials, a reduction in foam thickness,
or an increase in expansion ratio in moldings by a dééree
corresponding to that difference in compression strength.

As described above, even a resin having a high
density has a wide range suitable for molding'and can be used
to produce a molding of a complicated shape. 1In this point,
the present invention entirely differs from the prior art
techniques (as described in, e.g., JP-A-6-157803) in which it
has been thought that the higher the density of a base resin,
the narrower the width suitable for molding.

Processes for producing the pre-expanded beads of the
present invention are then explgined. |

For obtaining the pre-expanded beads of the present

invention which, when analyzed with a differential scanning
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strengths (kg/cnR2) of the noldings as ordinate to show the relationship
bet ween density and conpfession strength on a |og-log scale. The val ues of
conpression strength used here were obtained by exam ni ng foaned nol di ngs
described in Exanples, specifically by exam ning the part C shown in Fig.
4. Conpression strength is a basic property which governs the cushioning
performance of nol di ngs. - 23 -

The difference in conpression strength shown in Fig. 2 is the effect
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m xed resin consisting of a high- presSure-process |owdensity

pol yet hyl egg @l Pburd dompomlenitotti xede Feislin RPredinNed B ddrpourdithg? d | near
hi gh-density pol yethyl ene (HD2) and having a nixed?ﬁgsin densitiﬁof 0. 935

g/cnB, it iconpentidnall mixituden considtinigodf A hHxyh-aRigditre-Provdss
cushioning materials, a reduction in foamthickness, or an increase in
expansi on rlew-density golgethylendeqiay, @liespandicig-dendiltat di fference
i n conpression strength. As descri bed above, even a resin having a
hi gh polyethylene (LL), and a linear high-density polyethylene
(HD2) with a linear high-density polyethylene (HDl1l), as the
fourth ingredient, which has a melting point (mHD1l) shown by

the following expression (1).

-
-

(mHD2 + mMLL)/2 ~ 2 < mHDI € (mHD2 + mLL)/2 + 2 (1)

This four-component mixed resin has a content of the'high-
pressure-process low-density polyethylene (LD) of from 30 to
50% by weight, a content of the linear low-density
polyethylene (LL) of from 5 to 30% by weight, a content of
the.linear high-density polyethylene (HD2) of from 20 to 45%
by weight, and a content of the linear high-dénsity
polyethylene (HD1l) as the.fourth component of from 10 to 35%
by weight.

Among the four components, the linear high-density
polyethylene resin employed as the fourth component should be
noted and described in detail; ;his fourth component has a

density of from 0.940 to 0.954 g/cm® and a melting point
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density has a wide range suitable for nolding and can be used to produce a
nol di ng of a conplicated-shape. In this point, the present invention
entixely differs fromthe prior art techniques (as described in, e.g.,

JP- A-6-157803) in which it has been thought that the higher the density of
a base resin, the narrower the width suitable for nolding.

Processes for producing the pre-expanded beads of the present invention
are then expl ai ned. For obtai ning the pre-expanded beads of the

R e S e MR N T R T
| Si havi. t t i dt h
of 15 or ¢ ] @AM AT A SR R 0 resin of & "

four - component m e fébl b YA W dpRR YU 0 Hay SR lr%énm& m xture

consi sting of a high-pressure-process owdensity polye hy a

l'inear | owqiansiity ofP U Y36 Yp¥tdddbly D40 ) | 3 BhrOMidmRy 4
pol yet hyl ene Bb’)o with a linear high- (?g?m tiy dp]ﬁﬁi/et hyl e%? (HD1), as the

fourth 'ngrcﬂi?l:'dfa'ﬂied iica) dipard, Ml idil B addHiids Shove bYesiheis ohd&yv ng
expression (1). (nHD2 + nmil)/2 - 2 < nHD1 [err] (nHD2 + nil)/2 +

2 (1)  as a base resin to produce pre-expanded beads, the
pre-expanded beads undergo cgll breakage, shrinkage, etc.
during molding to show poor moldability. This phenomenon is
caused by insufficient compatibility in the mixed resin due
to too large differences in melting point among the
components, i.e., the LD, LL, and HD2.

In in-mold hot moldi;ga;n which pre-expanded beads
are directly heated with steam, the LD and the LL, which have
lower melting points, first begin to melt and flow aé the
temperature thereof increases. In this case, the HDé, having
a higher melting point, functions to mitigate the decrease in
resin viscosity by inhibiting the disordered flow of the LD
and LL to thereby prevent the cell walls of the pre-expanded
beads from breaking and maintain the cell structure. In the
case where the mixed resin has insufficient compatibility,
the LD and the LL, which have lower melting points, melt and
flow with increasing temperature without being influenced by
the heat-resistant effect of the HD2, which has a higher
melting point, to abruptly redﬁée the viscosity of the resin,
resulting in cell wall breakage, shrinkage, etc. If the

mixed resin is in a three-component eutectic state in which
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This four-conponent mxed resin has a content of the high-

pressure-process | owdengsity polyethylene (LD) of from30 to 50% by

wei ght, a content of the linear |owdensity polyethylene (LL) of from5 to
30% by wei ght, a content of the linear high-density polyethylene (HD2) of
from20 to 45% by weight, and a content of the |inear high-density

pol yet hyl ene (HDl1) as the fourth conponent of from 10 to 35% by weight.
Anong the four conponents, the linear high-density polyethylene resin

enpl oyed a oyrt h AREEH b L L bed in detail;
this fourt_a:}%%ﬁ"pﬂdner}f’ r?gls a dglr?s}%]?/)%o%ql @o{g%%%f?%%%ﬁ%é&;/%x and a
mel ting poidimpatihilized, the vigcosit (gecreaéezﬁﬁfh increasing (D)
satisfying expression (1)" given above dnd 1s used in an anount of from 10

to 35% by wRinldrature can Hd' gttt Wikddhde BREAB 231, Nayd bR resin
density of 0.936 (preferably U.940) g/cnferr] or higher is obtained from

an LD, LL, jgiwédidtiand thhichdnaRtHedsich IS sisbuBfr 3B t EBdvel Ciproduce
pre- expanded beads, the pre-expanded beads undergo cell breakage,

shrinkage, tHes mixdd ivesiiDli Qg semishwl ywmprstadalabi lity. This phenonenon
I's caused by insufficient conpatibility in the m xed resin due
However, an LD and an HD2 are generally incompatible
with each other. This is attributable mainly to a large
difference in molecular structuré between the LD and the HD2,
i.e., one has a structure having long chain branches and the
other has a structure having linear short branches, and to a
large difference in melting point (10°C or more) between the
LD and the HD2. It is known-ﬁiét this poor compatibility
between an LD and an HD2 can be improved in some degree by
adding a low-melting LL, and that when neither the LD nor the
HD2 accounts for most of the mixed resin, the two components
can be compatibilized almost satisfactorily. However, the
complete compatibilization of an LD, LL, and HD2 (formation
of an eutectic) is extremely difficult when the mixed resin
has an increased resin density so as to accomplish the
subject of improving the rigidity thereof. The reasons for
the above afe that in order to heighten the rigidity of a
mixed resin to a level desired in the market, which is
generally attained by heightening the density of the mixed
resin to 0.940 g/cm® or higher,‘the proportion of an HD2

should be greatly increased because of the low density of an

LD which is up to 0.930 g/cm®, and that the large HD2
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to too large differences in nmel ting point anobng the conponents, i.e., the
LD, LL, and HD2. <> Inin-nold hot nolding in whi.ch pre-expanded
beads are directly heated with steam the LD and the LL, which have | ower
melting points, first begin to nelt and flow as the tenperature thereof

I ncreases. In this case, the HD2, having a higher nelting point, functions
to mtigate the decrease in resin viscosity by inhibiting the disordered
flow of the LD and LL to thereby prevent the cell walls of the

Eéﬁéﬁ??ﬁ%ﬁ%@%&f PR A BRI R bl 7 108 U sl
{eper at e, B e el 1 e 'iﬂ”ﬁ”c*‘*%”'a% LR %0 e
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HD2, whi chy ttgfh A ng‘gl%'r%o%dﬂso ta %4@1 tré%f’%tdkfi}éfiﬁ?wty of

t he resin, br eakage, shrirkage, etc the m xed

resinis i Ang &dlrx%a- GUEIMAY LAl C tHkRdul tMiL koo large a
- 26 the LD, LL, and HDZ have been conpl etely di spersed and

corrpatl bi | ua_efci,eﬁelm@evusacmlttnn@egf ARTe bédthiddn AURATID Gind &MREHAI2) € can be
prevent ed because the LD, LL, and HD2 interlock with one another on a

mol ecul ar seajviswt dompaltibililzat ionxebrediffiitdtsem -nolten state.
However, an LD and an HD2 are generally inconpatible
The present inventors have found that an LD, LL, and

HD2 can be completely compétibilized with one another by
adding as.the fourth component an HD1 having a melting point
between the melting point of the LL (mLL) and the melting
point of the HD2 (mHD2). They have further found that when
pre-expanded beads obtained gr:h'the above mixed resin are
analyzed with a differential scanning calorimeter (DSC), the
resulting fusion endothermic curve is a singlé-peak mountain-
shaped curve in which the temperature width of the mountain-
shaped curve part is 15°C or more, namely, the above mixed
resin can give pre-expanded beads according to the present
invention. Proportions of the added HD1l below 10% by weight
are undesirable in.that the four components show poor
compatibility and pre-expanded beads obtained from this mixed
resin as a base resin give a fusion endothermic curve
comprising a mountain-shaped curve having not a single but
t&o peaks and have impaired moldability. Proportions thereof

- exceeding 35% by weight are und;sirable in that pre-expanded

beads obtained from this mixed resin as a base resin give a
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with each other. This is attributable mainly to a large difference in

mol ecul ar structure between the LD and the HD2, i.e.,;ohe has a structure
having | ong chain branches and the other has a structure having |inear
short branches, and to a large difference in nelting point (10[err]C or
nore) between the LD and the HD2. It is known that this poor conpatibility
between an LD and an HD2 can be inproved in sone degree by adding a

|l ow-nel ting LL, and that when neither the LD nor the HD2 accounts for nost

cat i of act or %ot Sclrihe " SRR ds i it MR AT UL ang
HD2 (f or matd el ' i I | f fq t when the m xed resin
has an incﬁtg%ggl(?q{n%rlr? %&%@H{/)ﬂ?ﬁag&t (}%ia?;éc)(?nh%r{ s]h the subject of
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order to heighten the rididity of a mxed resin

mar ket, WiggyiinS £o3e el iy pHlodRicisg bhd ¢ ididd' bRl idy tHe t he
m xed resin gb 0. 940 g/éhB or higﬁgi, thgiprop rtion of an HD2 should be

greatly i ngreaed Rocantg o ilshddsawalansiad pdllyethyldaaiddin Sindfa to 0. 930
g/cnB, and that the | arge HD2 : - 27 -

proporti on ndpc®ssl inkeds sthalte ,t 4 tCamahaid beer FALigREIRd crddds nkdte

addition of an LL. If an HD2 having an even
within the range in which the resin is capable of
repelletization. 1In this case, the degree of crosslinking is
up to 10% in terms of gel content. Various additive
ingredients may be added to the feedstock resin before use,
and examples thereof include various fillers, antioxidants,
light stabilizers, antistatié :;énts, flame retardants,
lubricants, nucleating agents, pigments, and dyes.

Examples of processes for prdducing the pre-é#panded
beads of the present invention include: the so-called
"multistage temperature-rising expansion method," which
comprises infiltrating a small amount of a foaming agent into
resin beads in a pressure vessel, taking out the impregnated
resin beads after cooling, transferring the same to a foaming
tank, heating the foaming tank to a temperature suitable for
foaming to expand the resin beads to thereby obtain expanded
beads having a low expansion ratio, forcing an inorganic gas
into cells of the expanded beads in a pressure vessel to give
expandable expanded beads, and ihen expanding the expandable

beads by heating to obtain expanded beads having a higher

expansion raﬁio; and the so-called "flash expansion method,"
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hi gher density is enployed so as to heighten the density of the m xed
resin as a whole, the result is too large a difference in nelting point
bet ween the LD and the HD2, naking conpatibilization nore difficult.

The present inventors have found that an LD, LL, and HD2 can be
conpletely conpatibilized with one another by adding as the fourth
conponent an HD1 having a nelting point between the nelting point of the
LL (mLL) and the nelting point of the HD2 (nHD2). They have further found

t hat when 56 e oht ai_ned fr.onm.t he, abo mxed resin are
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pre- expanded beads obtained fromthis m resin as ase resin give a
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single but two peaks and have inpaired noldability. Proportions thereof
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obtained fromthis mxed resin as a base resin give a

- 28 - thereby obtain pre-expanded beads. 1In generai, the
multistage temperature-rising expansion method is preferred
from the standpoints of obtaining highly expanded beads

uniform in cell structure, reducing the cost of the

transportation of pre-expanded beads, etc.

- -

The resin beads can be obtained from a mixed resin
having.a composition within the range specified above, by
sufficiently melting and kneading the mixed resin with a
high-shear kneading extruder, e.g., a twin-screw extruder, to
finely disperse the components and bring the same into a
homogeneous compatibilized state, extruding the resulting
melt into strands with dies, and then cooling the strands
with water, followed by cutting.

The temperature to which the resin beads are heated
for foaming and expansion is in the range of from the
temperature higher by 10°C than the melting point of the
mixed resin to the temperature lower by 15°C than that
melting point. Although the tehperature width of the
mountain-shaped curve part for the thus-obtained pre-expanded

beads is considerably influenced by the composition of the
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fusi on endothermic curve in which the tenperature width of the
nmount ai n- shaped part is less than 15[err]C. Al t.hough the
noncr ossl i nked pol yet hyl ene feedstock resin for use .in producing the

pre- expanded beads of the present invention is desirably a polyethyl ene
resin in a noncrosslinked state, it may have been slightly crosslinked
within the range in which the resin is capable of repelletization. In this
case, the degree of crosslinking is up to 10%in ternms of gel content.

Var i ous adgiitie ol Gt S RS RISEd Grid, (SEUN oGl LA b ber T @

use, and exanpl és ereo C arious ers, ‘antioxidants, |ight
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agents, pigne es of processes f pr oduci ng

the pre-expandedleR0THY tidipetatttd s HIOtHd Preltixgdits ih caltipd

"mul ti stage tenperature-rising expansion nethod,” which conprises

infiltrati perefeild rAMYENofOfthe feapiinid oif Yimpdaturesig HiRadsthia a
pressure vessel, taking out the inpregnated resin beads after cooling,

transferri p@lititigs PHENO of b miked ddsinarl it tdempeatitiuie tlower by
tenperature suitable for foamng to expand the resin beads to thereby
obtai n expdfdethamcadathaelting lpointxpansi on ratio, forcing an inorganic
gas into cells of the expanded beads in a pressure vessel to give

expandabl e expande&hecdfdsstastagecexpanded beaddse hawviagd @bllow lEsabnsion

heating to obtain expanded beads having a higher expansion ratio; and the

so-cal | ed 'raltich obtadmedoimahieodmultistage temperature-rising - 29 -
expansion method" preferably are expanded beads having an
expansion ratio of from 1.5 to 3.5 cc/g. This range of
expansion ratio is a compromisq;between a high expansion
ratio for economically obtai;izé'highly expanded pre-expanded
beads of good quality through the subsequent foaming
(expansion) step(s) and a low expansion ratio for the most
economical transportation and storage. Namely, first-stage
expanded beads having an expansion ratio lower than 1.5 cc/g
have a drawback that since the actual number of cells and the
cell volume are insufficient, the pressure of a foaming agent
(expansion ability) necessary for expansion in a later step
is insufficient, making it impossible to obtain satisfactory
pre-expanded beads uniform in Celi structure. If a foaming
agent is forced into such first-stage expanded beads, this
makes employment of economical equipments impossible. On the
other hand, first-stage.expandéa beads having an expansion

ratio exceeding 3.5 cc/g are undesirable in that not only the

cell structure is apt to be disordered in the subsequent
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whi ch conprises dispersing resin beads and a foaming agent into water in
the presence of a dispersant in a pressure vessel, infiltrating the

f gand ng agent into the resin beads at a high tenperature and a high
pressure, and then discharging the m xture of the resin beads and water
fromthe |ower end of the vessel into a | ow pressure atnosphere to

t hereby obtain pre-expanded beads. In general, the nultistage
tenperature-rising expansion nethod is preferred fromthe standpoints of
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t enper at ur gobing @lithha Feamingeagendr preferabhlyl havieoan R pamsi®npansi on
Is in the range of fromthe tenperature higher by 10[err]C than the

mel ting poiratiof ofh€rom 1€8 tesBn5t ecVhs medeeprefesabdyefrom 15[8erug C t han

that nelting point. Although the tenperature width of the nountain-shaped

curve part 3f0r ctlg.t hus- obt ai ned pre-expanded beads is considerably

I nfl uenced by the conposition of the

In the "multistage temperature-rising expansion

method," the step in which a foaming agent is infiltrated
into cells of the lowly expanded beads and the impregnated
beads are heated to obtain expanded beads having a higher
expansion ratio is repeatedléhéznducted from two to four
times so as to finally obtain expanded beads having an
expansion ratio of from 6 fo 60 cc/g. The expansion'fatio
range of from 6 to 60 cc/g for the pre-expanded beads
provides a wide choice of cushioning properties for foamed
moldings to be obtained from the expanded beads by in-mold
hot molding. Although the foamed moldings obtained from the
expanded beads tend to have an increased expansion ratio as a
result of expansion during molding, this increase is not
large. Consequently, the target expansion ratio of a molding
is mainly governed by the expansion ratio of the pre-expanded
beads to be used. On the other hand, in deciding the
expansion ratio of a molding fo; use as a cushioning

material, it is necessary to take account of compression

strength for withstanding the weight of the object to be
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- 30 - m xed resin used, the tenperature wdth of the nountain-
shaped curve part can he.increased in sane degree by c¢agntrolling the
tenperature used for the pre-expansion. The preferred range of the
expansion tenperature is fromthe nelting point of the mxed resin to the
tenperature lower by 7[err]C than that nelting point. The
first-stage expanded beads having a | ow expansion ratio obtained in the
"mul ti stage tenperature-rising expansion nmet hod" preferably are expanded

beads _haV| RC Oqe%%?ﬂisn% %.té féﬁ.rplglﬁigﬁ%lt%sa Ccf/(g.lsh Q%r?n{for}_?aer@f

expansi on . | on

economi cal Iy go ty
t hrough the)ﬁsu sequent tHéug%r)nég expan5| o% s% Wﬁ%ﬁ'exgg}m ijhé
ratio for thediiRld RAOPFIVAInd AHUL FHARAYE %xfglﬁgﬁu ri?:}dberties

first-stage expanded beads havi'ng an expansion ratio ower Than 1.5 cc/g

have a dr awpaeh tthl nfdldEgd R&hEGit . NWHed tHe GRldridpuichd hef cel | vol une

are insufficient, the pressure of a foam ng agent (expansion ability)

necessary fcirslﬁmanﬁ; Propertied dorstthe nain Rpplicdteivn, rebe raxpdnsion
| npossible to obtain satisfactory pre-expanded beads uniformin cel

structure. datio fofarthey pregexpansiedd beatls nits dasirdblystass theigrh e i

beads. thlis to 60 cc/g. When the "multistage temperature-rising
expansion method" comprising'at least one step in which a
foaming agent is infiltrated into cells of the expanded beads
obtained and the. impregnated beads are heated to obtain
expanded beads having a higher expansion ratio" is employed,
the first-stage expanded bea&sa;hich have been regulated to
have an expansion ratio of from 1.5 to 3.5 cc/g so as to meet
economical transportation and storage can be expanded with an
economical apparatus in a placé where molding is to be
conducted, whereby expanded beads having the final target
high expansion ratio can be easily obtained. The cost of an
apparatus (including a vessel and pipes) for use in forcing a
foaming agent into cells of the first-stage expanded beads
varies depending on the pressure used in the apparatus. For
example, the current Japanese high-pressure-gas regulation
law requires any appafatus using a pressure not lower than 10
kg/cm? to be highly safe against pressure, which necessitates
additional facilities. Further; the equipment should

periodically undergo an inspection for pressure resistance,

and is evaluated based on severe inspection criteria.
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makes enpl oynent of econom cal equi pnents inpossible. On the other hand,
first-stage expanded beads having an expansion ratio exceeding 3.5 cc/g
are undesirable in that not only the <cell structure is apt to be

di sordered in the subsequent - 31 -
expansion step(s), nmaking it difficult to obtain pre-expanded beads of
good- quality, but also such bulky beads are nore <costly in transportation
and storage. Fromthe above standpoints, the expanded beads produced by

the first-stage . foamng with a fqari ng agent preferghly have an expansjon
Cio of [ Ebmetgtdy $he fHuu)ohants Ls GORGI 4 ARELEST ST $OUE § At
Irﬁ!tgeo"rml | St t erq_.t -risinl&.ex s.if: thod. " the step 'ign whi ch
a foanm ng 53‘83\1393’% %%.&%S’Y iantt&%cléﬁp‘gq&fceﬂ?eeraa(gﬂ o&'pa d beads and
the i d tal | L gh
expans o amtgaste i SR o bt AL Rl Yith i Cestilad A duck D71
finally Obhhih HRARIRMLNGURIIEL G he UL UL R L hnPladveiBfy 0 60

cc/g. The expansion ratio “range o om6 to 60 cc/g for fke pr e-"expanded

beads proviedes atitgdheh Fakid Ofsof YHAO WUkh Rigfdtfed War GuBAe I di ngs
to be obtainéd from'he expanded beads by in-mold hot nolding. Al though

the foanmed ifeixpen@d ved atideperiatad by X RYHiekh Beafedaivt I 0 TAVhén

i ncreased expansion ratio as a
"multistage temperature-rising expansion method," after the
first-stage foaming step has been conducted, the above very
inexpensive apparatus can be used to carry out the subsequent
steps of forcing-a foaming agent and expanding the expanded
beads. This is because by stepwise conducting the expansion
operation so as to result in—a“;éduced ratio of the expansion
ratio of the feedstock expanded beads to that of the final
expanded beads, the expansion operation can be conduéted at a
pressure lower than 10 kg/cm?. 1In particular, the expansion
operation is preferably carried out in two to four steps. 1In
the case where expanded beads having an expansion ratio of
3.5 cc/g are used as a feedstock for obtaining final expanded
beads having an expansion ratio of 6 cc/g, the pressure
required is about 3 kg/cm? at the most even when the
expansion operation is conducted in one step. In the case
where expanded beads having an expansion ratio of 1.5 cc/g
are used as a feedstock for ébtaining final expanded beads
having an expansion ratio of 60—cc/g, the pressure required

is about 9 kg/cm? at the most when the expansion operation is

conducted in four steps (e.g., the individual steps result in

- 34 -



result of expansion during nol ding, this increase is not |arge.
Consequently, the target-expansion ratio of a nolding :i:s mainly governed
by the expansion ratio of the pre-expanded beads to be used. On the other
hand, in deciding the expansion ratio of a nolding for use as a cushioning
naterial, It IS necessary to take account of conpression strength for

w t hst andi ng the wei ght of the object to be -
32 - packaged and el astic cushioning ability and cushi oni ng-part

t hi ckness ich are ., sufficient for shqck absar banc Thi s ,i s |ntended for
provi di ng &7 FaNsH JNEFeasS ddhFRang §‘t°53 S‘e?h% t‘ﬂbe

EEBLPL;QOE%%% 2 Sae oeﬁ'rr%défé ol :%2%?? r°%ét3%§b§355 lf%fa%‘é: "EBE, as
e'xgarifonr%mgé 0,5 Lol Shet” il 6503%%% B Sl Al |

trat | f d
o et o el a.tafé*:cx%ﬁeze“zsﬁ»%%ﬁav. 04 e 0L gt et o
i s enpl oyeGoanihfy fllsr%ﬁstc%g% emtd% A vt s desiadeg to

have an expansion ratio of Om1.5 to 3.5 cc/g so as to reet econom ca
transport atdcongy , atthatt q@@%}@%é&xﬂ%&%x@séﬁkﬁh AP BELT, WA S | N

a place where nolding is to be conductéed, whereby expanded beads havi ng

the final tNegahird-step expansion is 33 cc/g, and that for the fourth-
‘step expansion is 60 cc/g, an apparatus for carrying out the
four-step expansion opération is ideal because the apparatus

can be easily designed and the pressure required for each

step is 9 kg/cm? at the most. In this case, when the

- .

expanded beads to be transported have an expansion ratio of
2.5 cc/g, the beads can be transported efficiently because
the bulk volume thereof is about 1/6 of expanded bea&s with
an expansion ratio of 16 cc/g and about 1/12 of expanded
beads with an expansion ratio of 30 cc/g. On the other hand,
increasing the number of such expanéion steps is uneconomical
becausé the procedure becomes more troublesome. In the
present invention, pre-expanded beads of good.quality are
efficiently obtained by the process described above in which
each expansion step is conducted so as to expand the beads to
1.5 to 3 times and the number of such expansion steps is up
to four.

The foaming agent used ;n the "flash expansion

method" described hereinabove and the foaming agent used for

obtaining first-stage expanded beads from resin beads in the
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hi gh expansion ratio can be easily obtained. The cost of an apparatus
(including a vessel and:pipes) for use in forcing a foamning agent .into
cells of the first-stage expanded beads varies depending on the pressure
used in the apparatus. For exanple, the current Japanese hi gh-pressure-gas
regul ation |aw requires any apparatus using a pressure not |ower than 10
kg/ cn2 to be highly safe against pressure, which necessitates additional
facilities. Further, the equi pnent should periodically undergo an

| nspecti on Jif) RS G dufpd Sl rs KD Sl 16 SRS L Severe

I nspection Criteria.

Ther ef or e, SUH Bmﬁg | 4 Bl ter r be
operated by a‘tral r';l' d |a(§delﬁlsgg%sépéeﬁr(ts%%faqflrr?é c%n?é){alslﬁ?dj\/ﬁ?ﬁn?gg%%ﬁ@%&
appar at use ' rmg{ S aﬁ@/ -ggﬁpi ' ‘hidiere
is no | aw ?(y\ﬁe_re yéj regu r?’t%ldng t eexfsarre,%rs%ft atersuc a%%ﬁ%ﬁ}éﬁ }(l:]é% be
very 1 NexpRiINipA9 iaRA P& &bdin AN Mg IRSFe8 OindTuddiCcarion L1 St age
tenperature-rising éxpansion nmethod," after the first-stage foam ng step

has been caidgidd, pipailtoybuttine, IpEndais) VE, BPPAZ Aistsr£Eludosisieshéd 0
carry out the subsequent steps of forcing a foam ng agent and expandi ng

t he expandgd-lIsdads,. 1N-alif)dmsstiany @-aBtsr, awthieleny dhkoxidansi on
operation so as to result in a reduced ratio of the expansion ratio of the
f eedst ock eryuhrechhyy leard chlodilte. ofPdfefrethlof these is carbon dioxide,

which conforms to the fluorocarbon regulations and is
noncombustible. For stepwise expanding the first-stage
expanded beads, it is preferred to use a foaming agent having
a boiling point not higher thaqi;hé softéning temperature of
the resin and having a small-éz;'permeation constant.
Specifically, an inorganic gas such as nitrogen or air is
used. h

The dispersant used in the "flash expansion method"
described hereinabove may be a finely powdered, sparingly
water-soluble inorganic substance, e.g., calcium phosphate,
magnesium carbonate, or titanium oxide, or a water-soluble
polymer, e.g., poly(vinyl alcohol) oi methyl cellulose.
Those inorganic substances are used in combination with a
small amount of a surfactant, e.g., a sodium-
a-olefinsulfonate or a sodium alkylsulfonate, as a dispersant
aid.

For molding a foam from’the pre-expanded beads of the
present invention, a method using a mold which is capable of

imparting foamability and which is capable of being closed
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expanded beads, the expansion operation can be conducted at a pressure
| ower than 10 kg/cnR. In.particular, the expansion operation is preferably
carrired out in two to four steps. In the case where expanded beads havi ng
an expansion ratio of 3.5 cc/g are used as a feedstock for obtaining final
expanded beads having an expansion ratio of 6 cc/g, the pressure required
Is about 3 kg/cnferr] at the nost even when the expansion operation is
conducted in one step. In the case where expanded beads having an
expansi on rat . C e feedst ock for obtaining.fin
Bt Ufbs inok o Ao 2 éh%f%éo €%€e0%§g?mP%3yﬁ e%gu?gd?ﬁqg?red

expanded beads aving an expansion ra

I's about 9 keETdEd rjln-axﬁ?ici‘efé‘a}ﬁ nmt%tgﬁ?é%fgfgggéﬁ: ﬁ@sién among

conducted in four steps (e.g., the individu eps resa
-34 - expanddd) SRR, | NEH O@APEs | e SHGR)SLRE AL pardded: Paggsure
required can be reduced to a value lower than ldﬁﬁélcnf%ré%é ?%g&seégﬁple,

in the casepadlesd into KIS 8S1d Sarfidd+¢ b fins ot Urdl déd "HLER stdah the
target expansion ratio for the initial foamng i1s 2.5 cc/g, that for the

first-step hegtairsg on Tiee Ampaiiatidittof Ofodrieb SELOP doéh Ee CxHSHEp PIshéd 6
cc/g, that for the third-step expansion-is 33 cc/g, and that for the

fourth- stfgr exanplen by Bircig,amnirygamrticisgde; eaglyi afrpuintdethe
four-step expansi on operation is ideal because the apparatus can be easily
desi gned arRretexpandsd heads)dio eah fimtexmdl cell pressure of from 0.5
to 1.0 kg/cm? (gauge pressure), or by compressing the
pre-expanded beads to from 85 to 60% of the original bulk

volume thereof, or by a combination of both.

For evaluating the properties used in the present

-3

invention, the following evaluafion methods and evaluation
criteria were used.
(1) Expansion Ratio of Expanded Beads (cc/g)

The volume (V, cc) of a known weight (W, g) of
expanded beads was measured by the water immersion method,
and the expansion ratio thereof (V/W) was obtained by
dividing the volume by the weight.

(2) Percentage of Closed Cells (%)

Measurement was made by the air pycnometer method
described in ASTM D-2856 (Model 930, manufactured by BECMAN
Instruments, Inc.), and the average of n=10 was taken as the
percentage of closed cells (%).

(3) Average Cell Diameter (mm) )

An expanded bead was cut along three arbitrary

perpendicular planes, and the number of cells present in an
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step is 9 kg/cnR at the nost. in this case, when the expanded beads to be
transported have an expansion ratio of 2.5 cc/g, the bgads can be
transported efficiently because the bulk volume thereof is about 1/6 of
expanded beads with an expansion ratio of 16 cc/g and about 1/12 of
expanded beads with an expansion ratio of 30 cc/g. On the other hand,

I ncreasing the nunber of such expansion steps is uneconom cal because the
procedure becones nore troublesone. In the present invention, pre-expanded

above in whiERILEAEK AEhRRE b (SFCHerEcch And €n Snchcof, BB HhESERe boads
t 1.5t 1] - . .
The foam no aaehriof8h ER6RILARER Eied HdnchRRRtedr, SRR akErge OIIO"

her ei naboveggethe 9aTbBUaTHER! ubERY LAL 6R1BIANGYCHR AL Age expanded

beads fromresin

"mul tistage tenRpbphybCebl 3 aﬂaﬁéeaQSKm)”ﬁt R0¢mm3 /¢ NuRb8reb2blir1hagm ng
agents having a boiling point not higher” than'thé softening tenperature of

the resin apg)yhryh§e SugbBabsel g6k! MbYdingt he resin. Exanpl es thereof
I ncl ude carbon dioxi de, propane, butane, pentane,

1,1,1,2-tetrafl uor omed s (laddrdg)a dhdpdi tbvoespbhding( tolthe) shapehpfene

chloride, and ethylene chloride. Preferred of these is carbon dioxi de,
the mold cavity shown in Fig. 4 into which beads are to be
packed were obtained. Each of part A (about 50 mm thick),
paxt B (about 13 mm thick), and part C (about 15 mm thick),
which parts are .shown in Fig. 4, was evaluated for the degree
of fusion and shrinkage from mold dimensions based on the
following criteria. Molding; :éted as O with respect to each
of the degree of fusion and shrinkage from mold dimensions
were regarded as satisfactory, ahd the difference bééween the
upper and the lower limits of steam pressure necessary in hot
molding for obtaining such satisfactory moldings was taken as
the range suitable for molding and evaluated based on the

following criteria.

Evaluation Criteria

Group Symbol Remarks
0.14 kg/cm? or higher o good
0.08 to 0.14 kg/cm?,

excluding 0.14 kg/cm? A slightly poor
below 0.08 kg/cm? - X poor



whi ch confornms to the fluorocarbon regulations and is nonconbustible. For
st epwi se expandi ng the ‘ficrst-stage expanded beads, it.is preferred to use
a.foam ng agent having 7a boiling point not higher than the softening
tenperature of the resin and having a small gas perneation constant.
Specifically, an inorganic gas such as nitrogen or air is used.

The di spersant used in the "flash expansi on net hod" described herei nabove
may be a finely powdered, sparingly water-soluble inorganic substance,
e.g., calcium phos ﬁat%, |agn m.car bonate, or titanium oxide, or a

wat er - sol ubl e polg qgﬁf 3§I§f91ﬁ&l alcohol) or nethyl cellul ose.

I S R W SR A A

al kyl sul fo F %?%ﬁi r t he
pre- expandgdg’tlbeé'%z oquit preser}ﬁy \?erﬁ h &(t using a rmr%r{ I ch
's_capabl e deintdx MR ﬂdlf?{% | igng aib V‘f}iéi*}.éoﬁ PRARSE s DR b | 0sed

- 36 - but does not cone into a sealed state 1s enployed in
order to GaRIgeithd MnEilsd dr0ay A d alHidanfd! | SRS igddedntsd

expanded beads.” In this nethod, the pre-expanded beads are packed into the

mol d and anemexraRE ooty ded o hadsteRiBrgone cell material breakage to
the total number of beads present on the cleavage surfaces
(percentage of material breakage) was determined.

Group 'Symbol Remarks

Percentage of material breakage,
80% or higher o excellent

Percentage of material breakage,
80 to 60%, excluding 80% A good

Percentage of material breakage,
below 60% X - poor

(ii) Shrinkage from Mold Dimensions
The shrinkage of molded foams from the dimensions of

the mold was evaluated as follows.

Group Symbol Remarks
4% or lower ' o excellent
4 to 6%, excluding 4% ' A good
exceeding 6% X poor

(5) Compression Strength

Compression strength is shown in terms of compressive
stress at 25% compressive strain measured in accordance with
JIS K-6767. Compression strengths A and C are values of the

compressive stress for part A (about 50 mm thick) and part C
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heating. The inpartation of foamability can be acconplished, for exanple,
by forcing an inorganic-gas, e.g., air, into the pre-expanded beads to an
internal cell pressure of from0.5 to 1.0 kg/cnferr]. (gauge pressure), or
by conpressing the pre-expanded beads to from85 to 60% of the original
bul k volunme thereof, or by a conbination of both. For eval uating
the properties used in the present invention, the follow ng eval uation
nmet hods and evaluation criteria were used. (1) Expansion Rati o of

Expanded B / . h V, a & VV

Cxpanded SRE Y T il PP i SR SR O
3 hey t I th

cxpareon 2 4 et el ks w fé%ﬁ%&%ﬁﬁ%ﬁyme

by th 4 Model 930,

rr)elmuf SC?L;WMN% Ie%%g#éﬁs-g(? I%1“-£]§?1‘.8”erageeof n=10 was

t aken as t@gauﬁagﬁﬁgggﬁ_b &_osed cells (%9. (3) Average Cell Dianeter

ea

(mm An expande was cut along three arbitrary perpendicul ar
pl anes, and the r of cells present in argymbol Remarks
- 37 - arbitrary length L (at- least 1 mm) on each of the three-
(Moldings of 25 cc/g) :
1.40 kg/cm? or higher o good
1.40 to 1.30 kg/cm?,
excluding 1.40 kg/cm? A slightly poor
below 1.30 kg/cm? x poor

(Moldings of 50 cc/g)

0.60 kg/cm? or higher = o0 good
0.60 to 0.50 kg/cm?,
excluding 0.60 kg/cm? A slightly poor
below 0.50 kg/cm? X poor
(EXAMPLES)

The present invention will be explained below in
detail by ‘reference to Examples. |

The eleven kinds of polyethylene resins shown in
Table 4 were used in the Examples, Comparative Examples, and
follow-up experiments.

In the Examples and Comparative Examples,
pre-expanded beads were produceg by the "multistage
temperature-rising expansion method" or the "flash expansion
method* under the followipg basic conditions, and moldings

were produced under the following basic conditionms.
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di mensi onal coordi nate axes was counted. The average cell dianmeter was
obt ai ned using the follownng equat i on. Average cell. diameter (nm =L
(om){ [ Number of cells] (4) Range Suitable for Mol ding Mol di ngs
havi ng a shape corresponding to the shape of the nold cavity shown in Fig.
4 into which beads are to be packed were obtained. Each of part A (about
50 mmthick), part B (about 13 nmmthick), and part C (about 15 mmthick),
whi ch parts are shown in Fig. 4, was evaluated for the degree of fusion

and shri nk:@édfﬂ&mjtqﬁpi‘{?% é)eaacﬁeﬂ on the following criteria.

Mol di ngs r as o w respec o ea of the degree of fusion and

shri nkage from nol %e% %h%% gpmﬁﬂﬁ%gqr flﬁ{éaéﬁiéﬁ Y%ritdd t he

di fference between upper tean1pressure

necessary iRyitlscréi A% dddr %c%ﬁ'ﬁdﬂ%gsﬂaéﬁ eva &ﬁgc%df’% Yo s Kb S vas

taken as the range suitable for ased on the

foll ow ng @dd}?rﬁ:émpl@%ﬂ@dnﬁﬁﬁﬁﬂﬁ 'E%:ample. GiHe melt was extruded
Synbol Remar ks 0. 14 kg/cn2 or higher [err] good

0.08 to 0. khtieo/sutlatidd with died WtitdbHed 4 Wekip of the extruder.
slightly poor bel ow 0. 08 kg/cn® %err] poor
- 38 - The strands were cooled with water and then cut into granules
having a diameter of 0.7 mm and a length of 1.3 mm to produce
resin beads. |
(2) Production of Expanded Beads
(2-1) Multistage Temperature-rising Expansion Method

The multistage temperature-rising eipansion method
capable of yielding ideal exéa;aed beads was used in which
the target expansion ratio for the foaming step was 2.5 cc/g,
that for the first expansion was 9.0 cc/g, that for the
second expansion was 16 cc/g, and that for the third
expansion was 33 cc/g.

(Low-Foaming Step)

Resin beads obteined by the above method were placed
in a pressure vessel. Carbon dioxide (gas) as a foaming
agent was forced into the vessel, and infiltrated into the
resin beads under the conditions of a pressure of 30 kg/cm’G
and a temperature of 8°C for 2 to 4 hours. The infiltration
amount of carbon dioxide was regulated to 1.6 parts by weight
by controlling the infiltratioﬂ'time. Subsequently, the

resulting expandable resin beads were introduced into an

expanding apparatus (deaerating temperature-rising type).
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(i) Degree of Fusion A 30x30 nm square test piece was cut out of a
nol di ng. An incision having a depth of 2 nmwas nade in.the center of the
nmol di ng, and the incised nolding was folded along the incision to cleave
the sane. The percentage of the nunber of beads which had undergone cel
material breakage to the total nunber of beads present on the cl eavage

surfaces (percentage of material breakage) was determ ned. G oup
Synbol Remar ks Percentage of naterial breakage 80% or hi gher
[err] .Per en e terial, bre 60@6
excl uding 05, Seiiberithre 4iBiaE A" vEaag, Gl %rr g G5

br eakage,
(ii) Shri nl?age ?J #n Q%e artr:elrfse Shsx @ pem'OdThe S r| nca)éledso'fm&e(?foans
from the db&fg,aiuameobeah@ewaied RNl By Herd ity fvﬁ.ﬂlp‘ﬁﬁzeam for @up

Synbol 4% or | owe excel | ent

4 to 6% exeboddddwhile maintainin® that tenﬁfé‘i‘itureexcqflﬂiég A%t -
poor (5) Conpression Strength Conpression strength is

shown i Nt gtEgeObrecekpandede bealdse WRre! obTHIHRMR! eThie/ Eodntidigh Measured in

accordance wwth JIS K-6767. Conpression strengths A and C are val ues of

the conpr eempezaturesasedr waal debideldo b folcanid ik perfbridrig G
preliminary experiment with respect to each resin to
determine the optimal conditions therefor, as follows.
First-stage pre-expanded beads were produced at various
foaming temperatures obtained by changing the steam pressure
0.05 by 0.05 kg/cm? in the range of from 0.50 kg/cm’G to 1.80
kg/cm®G. The first-stage pre-expanded beads obtained at each
foaming temperature were aged at ordinary temperature for 1
day, and these samples were then separately examined'for
expansion ratio, percentage of closed cells, and average cell
diameter by the evaluation methods described hereinabeve. A

) sample having an expansion ratio close to the target value of
2.5 cc/g, a high percentage of closed cells, an average cell
diameter close to the target value of 0.15 mm, and uniformity
in each of these properties was selected based on the results
of those examinations, and the temperature at which the
selected sample had been foamed was taken as the optimal
foaming temperature for the resin.
(First Expansion) ]

‘The first-stage pre-expanded beads having an

expansion ratio of 2.5 cc/g and obtained in the low-foaming
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-;35 - (about. 15 mm t hi ck) respectively, mhlch parts are shown
in Fig. 3, of the noldings obtained as described above: The conpression

strength was evaluated as follows. Evaluation Criteria G oup
Synbol Remar ks (Mol dings of 25 cc/Q) 1.40 kg/ cn®2 or higher
O good 1.40 to 1.30 kg/cm, excluding 1.40 kg/cn®

[ err slightly poor bel ow 1. 30 kg/cn® X
poor (Mol dings of 50 cc/Q) 0. 60 kg/cn2 or higher o]

d 0. /
g??ghtly po%f belghgéﬁﬂglﬁ' g?&gd&?f%lﬁ%‘ﬂéé%léyﬂéﬂﬂgratusk) airlerr]
(EXAVPLES) was forced/H@te thagga\ﬁ&tdso &dMélemeem{@Iﬂqd [H.%é%ﬂé at

detail by reference to Exanples he el even ki nds of polyethyl ene
resins shogo %o ovEablae pbriride agsad udtxt,h%zﬂamlae& PR iok go;npl es,
and follow up experinents. In the Exanpl es and Conparative

Exanpl es, kog/emdepwasetlabrtdinedr fopr bdtoed hgurbetonhetightegethe

tenperature-rising expansi on nmethod" or the "flash expansion
internal pressure of the gas (air) within the expanded beads.
The amount of air contained in the expanded beads obtained by
this treatment was regulated'to 6 kg/cm’G in terms of
pressure by controlling the time for maintaining that
pressure. Subsequently, the expanded beads to which the
internal pressure had been imparted were introduced into an
expanding apparatus (deaeratingntemperature-rising type).
The temperature inside the v;s;;I was increased from 80°C to
an expansion temperature over a period of 20 seconds, and the
expanded beads were heated with steam for 10 seconds'ﬁhile
maintaining that temperature. Thus, second-stage
pre-expanded beads were obtained. The expansion temperature
used was decided beforehand by performing a preliminary
experiment with respect to each kind of first-stage expanded
beads to determine the optimal conditions therefor, as
follows. Second-stage pre-expanded beadé were produced at
various expansion temperatures obtained by changing the steam
pressure 0.05 by 0.05 kg/cm? in the range of from 0.50
kg/cm’G to 1.80 kg/cm’G. The second-stage pre-expanded beads
obtained at each expansion teméérature were aged at ordinary

temperature for 1 day, and these samples were then separately

examined for expansion ratio, percentage of closed cells, and
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“met hod" under the follow ng basic conditions, and nol dings were produced
under the foll ow ng basi:ie conditions. T - 40 -
(1) Production of Resin Beads Resins shown in Table 4 were

mel t-kneaded with a tw n-screw extruder according to the conposition shown
in each Exanple or Conparative Exanple. The nelt was extruded into
strands with dies attached to the tip of the extruder. The strands were
cooled with water and then cut into granules having a dianeter of 0.7 nm

5,3 g, B 5 RO P
expanded UEGELALOYECa M SRAPER BRI, A e Xbapiibio s he H1Bs I, %

for the " sCeBRateralns: oF fal Te/bE) ¢ Mok BRESHEA IF Pt i o
the above HB: AYETAIP. B QIEABKES SIZRE, ro the, LeTRE SR B Toas) as

a foam ng mgeahdw@ai&a&ﬁﬂga ho et WES thlese? PropdirtildsdtRE istheddl
resin beads under the conditions of a pressure of 30 kg/cnG
based on the results of those examinations, and the
temperature at which the selected sample had been expanded
was taken as the optimal expansion temperature for the resin..

(Second Expansion)

The second-stage pre-expanded beads having an
expansion ratio of 9.0 cc/g and obtained in the first
expansion were placed in a p;e;;ﬁrizing heating apparatus.
Air was forced into the apparatus to elevate the air pressure
at 80°C over a period of 3 hours, and an air.pressuré of 5.0
kg/cm’G was maintained for 3 to 5 hours to heighten the
internal pressure of the gas (air) within the expanded beads.
The amount of air contained in the expanded beads obtained by
this treatment was regulated to 2.5 kg/cm’G in terms of
pressure by controlling the time for maintaining that
pressure. Subsequently, the expanded beads to which the
internal pressure had been imparted were introduced into an
expanding apparatus (deaerating temperature-rising type).

The temperature inside the vessel was increased from 80°C to
an expansion temperature over a‘period of 20 seconds, and the

expanded beads were heated with steam for 10 seconds while

maintaining that temperature., Thus, third-stage pre-expanded
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and a tenperature of 8[err]C for 2 to 4 hours. The infiltration anount of
carbon di oxi de was regutated to 1.6 parts by weight by controlling the
infijtration time. Subsequently, the resulting expandable resin beads were
i ntroduced into an expandi ng apparatus (deaerating tenperature-rising
type). - 41 - The tenperature

I nsidde the vessel was increased from80[err]C to a foamng tenperature
over a period of 20 seconds, and the expandable beads were foaned by

heati ng w th sfeam.for .10 ..secon whil e mai ntaining that te rature.

Thos, "7, 1 et HRr e optan  ieh 0 Fhe WxearEr ol Methitrd ke [FRF B

t enper at ur '35 i . r ' |3

exggri ment %vﬁlbt%h%% espe%e‘%r%qgia?ﬁ; %%lw%%eeé%ﬁé&ﬁ%%%%ﬂ%%i tions
t her ef or, I ' - Pr, qﬁﬂﬁﬁgg (eTa TV ol Yo

vari ous fgv;j'r‘rl%(ﬁr)lg]4 t grrpcg'r git%%as&%gﬁg}d;g by ¢ angsl n? t ?\ee’yﬁsatrg%érg pr essurtgé 0. 05
by 0.05 kg/qe¥ernind'&He i9da1f rﬁﬁ&lé&d@/tﬁ{ﬂféfdﬁ s chgﬂlodfél./ cnerr]G

The first-stage pre-expanded beads obtained at each foam ng tenperature

were aged athjgidlistige iprarixdiided Bealds Gdire PcbdiesE Hpdetower e t hen

separately exam ned for expansion ratio, percentage of closed cells, and
average celdxpatision denpeddtturee|obtid iafed iy afttaripiny itiesl diesam nabove. A

sanpl e having an expansion ratio close to the target value of 2.5 cc/g, a

hi gh per ceprmgmsude d.@kbyxd /05 ky’aeiageheelhnge of from 0.50
kg/cm?G to 1.80 kg/cm?G. The third-stage pre-expanded beads
obtained at each expansion temperature were aged at ordinary
temperature for 1 day, and these samples were then separately
examined for expansion ratio, percentage of closed cells, and
average cell diameter by the evéluation methods described
hereinabove. A sample having an expansion ratio close to the
target value of 16 cc/g, a high percéntage of closedhcells,
an average cell diameter close to thé target value of 0.32
mm, and uniformity in each of these properties was selected
based on the results of those examinations, and the
temperature at which the selected sample had been expanded
was taken as the optimal expansion temperature for the resin.

(Third Expansion)

The third-stage pre-expanded beads having an
expansion ratio of 16 cc/g and obtained in the second
expansion were placed in a pressurizing heating apparatus.
Air was forced into the apparaéﬁs to elevate the air pressure

at 80°C over a period of 5 hours, and an air pressure of 5.0

kg/cm’G was maintained for 1 to 3 hours to heighten the
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di ameter close to the target value of 0.15 mm and unifornity I n each of
t hese properties was selected based on the results of those exam nations,
and the tenperature at which the selected sanple had been foaned was taken

as the optimal foam ng tenperature for the resin. (First

Expansi on) The first-stage pre-expanded beads having an expansion
ratio of 2.5 cc/g and obtained in the | ow foam ng

- 42 - step were placed in a pressurizing heating apparatus. Air

f?f‘éeﬁ od o Tt SR e D quf‘?%e@flti“@. ILPE RS flendd Hedds hed
5 8 ' . J J ' L & hi
the expandantheRshit BOULE dolftalld if i TP Sofd Dhtfhica sy "

obt ai ned b&hité‘itﬁcéarﬁ@d?’&;aé"’@c}eg’lﬂ%ﬂeﬁ b 1P, P W)/ SIHBGinN te@ia® o

pressure by controlling the ti for maintalning that pressure.

Subsequent Ipheddifi-e AN RS %H@it%iﬁné heor il St niHESengE€ had been

i nparted were introdudced 1 nto an - expandi ng appar atus (deaerating

t enper at ur ridsEuie ! Y Bubseqitht1§AP i Wipdrithddl ddils as seidKesthecr eased
from80[err]Cto an expansion teéenperature over a period of 20 seconds, and

the expandertedmnads prissliRAted \Wddh Srgirted wdke enntcsdwded einto an

mai ntai ning that tenperature. Thus, second-stage
expanding apparatus (deaerating temperature-rising type).
The temperature inside the vessel was increased from 80°C to
an expansion temperature over a period of 20 seconds, and the
expanded beads were heated with steam for 10 seconds while
maintaining that temperature. _Thus, fourth-stage
pre-expanded beads were obtain;az The expansion- temperature
used was decided beforehand by performing a preliminary
experiment with respect to each kind of third-stage éxpanded
beads to determine the optimal conditions therefor, as
follows. Fourth-stage pre-expanded beads were produced at
various expansion temperatures obtained by changing the steam
pressure 0.05 by 0.05 kg/cm? in the range of from 0.50
kg/cm’G to 1.80 kg/cm’G. The fourth-stage pre-expanded beads
obtained at each expansion temperature were aged at ordinary
temperature for 1 day, and these samples were then separately
examined for expansion ratio, percentage of closed cells, and
average cell diameter by the evaluation methods described
hereinabove. A sample having ;h expansion ratio close to the

target value of 33 cc/g, a high percentage of closed cells,

an average cell diameter close to the target value of 0.40
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pre- expanded beads were obtai ned. The expansion tenperature used was

deci ded beforehand by performng a prelimnary experinment with respect to
each:kind of first-stage expanded beads to determ ne thé optinal
conditions therefor, as follows. Second-stage pre-expanded beads were
produced at various expansion tenperatures obtained by changi ng the steam
pressure 0.05 by 0.05 kg/cn2 in the range of fromO0.50 kg/cnferr]Gto 1.80
kg/cnferr] G The second-stage pre-expanded beads obtained at each

S| - . &9ed di for 1 day, and
Chose. sanpl i i A8 AP Sn Rach lof Niees FECEGEE SR e sefdeesd
t | . . - 43 -
gsre(r::geag:!tfgs(ﬁd afr&gt?(etr}f%yllﬁueﬂe%a?fuavf%sne n%’f?n%’t&a%‘e%%’f{ b%’bd ‘1%? ei nabove. A
sanpl € hav g o | O A %1 BELdd a3 dHad Bk hxgadas§l 9 2

hi gh percentage of closed ce an average celi dianmeter clo

target val wa®ftdketb agMBhhtitd O dlidand forf A rd O185E P%P%éifés%\?s

sel ected based on the results of those exam nations, and the tenperature

at which the sg3@edlmw ExguakineMestmnded was taken as the optinmal
expansi on tenperature for the resin. : (Second Expansi on)

The second-stage printex@aplessed vdsdlnwetfe iMtTRIcEY IBI0 Dats) Ky cc/ g
and-obtained in the first expansion were placed in a pressurizing heating
appar at us. weight of resin beads, 20 to 30 parts by weight of
dichlorodifluoromethane as a foaming agent, 300 parts by
weight of water, 1 part by weight of powdery basic calcium
tertiary phosphate as a dispersant, and 0.006 parts by weight
of a sodium n-paraffinsulfonate. The contents were heated to
each of given temperatures (éba;o 150°C) with stirring. One
end of the pressure vessel was opened while keeping the
internal pressure of the vessel at 10 to 50 kg/cm’G to
discharge the resin beads simultaneously with the hot water
into the atmosphere to expand the beads. Thus, two kinds of
pre-expanded beads having expansion ratios of 16 cc/g and 33
ccc/g, respectively, were obtained. With respect to the feed
amount of the foaming agent, the expansion temperature, and
the internal pressure of the pressure vessel, the optimal
conditions therefor were employed which had been determined
beforehand through preliminary experiments.
(3) Production of Molding
The pre-expanded beads ebtained by the above and

other methods were allowed to stand at ordinary temperature

and ordinary pressure for 48 hours, and then packed into a
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Alr was forced into the apparatus to elevate the air pressure at 801C over
a period of 3 hours, and.an air pressure of 5.0 kg/cnfgrr]G was mai ntai ned
for 3 to 5 hours to heighten the internal pressure of the gas (air) within
t he expanded beads. The ampunt of air contained in the expanded beads
obtained by this treatnent was regulated to 2.5 kg/cnm2G in terns of
pressure by controlling the time for maintaining that pressure.
Subsequently, the expanded beads to which the internal pressure had been

. e ! . ct re ha
{ ehper at ur BREPEuRs VT i ceRti MAERRY ok BE AR Ynide aeq
f 80 s ' { {e l20d , d
the expanFEsPuri¥ind BHE e SR Hik 0 £s hRSS Ohubpettentty,
ma|42 ?I " nq;htehi,tret_beggs werg’eo dt-ga]uq%gft rﬁ iﬁgﬁe}%g‘rgagr? terrper-g-f}{})ree ntqusle%l was
deci ded befeicaand iy RF TRENINA ¥R idHd HemPSid IR oy rEsPect to

each kind of second-stage expanded beads to determ ne the optinal

condi ti ons cakarsf Whichs fa® lshtim iMiFiG.StHIMEY & dedi dapdanter e
produced at various expansion tenperatures obtained by changing the steam

pressure Ohedght QAiffensdons OF 1300) 1300, age 50 nini,oredbpettisglon] emd G to
1.80 kg/cnferr] G The third-stage pre-expanded beads obtained at each
expansi on remtarined ¢hicke angedthdn pabivsr M.e., part A (50 mm thick),
part B (13 mm thick), and part C (15 mm thick), the whole
inner surfaces of the male and female molds being provided
with generally employed steam-introducing members shown in
Fig. 5 at a pitch of 20 mm) attached to a molding machine.
The packed beads were molded—w;;h heating, and the resultiné
molding was taken out of the mold after cooling. Thus, a
molded foam was obtained. )

(Method for Evaluating Temperature Range Suitable for

Molding)

Molding was conducted at various temperatures
obtained by changing the steam pressure 0.02 by 0.02 kg/cm’G
in the range of from 1.00 to 2.00 kg/cm’G. The moldings
obtained at those molding temperatures were aged and dried at
70°C for 20 hours, allowed to stand at room temperature for 1
day, and then separately evaluated for the degree of fusion
and shrinkage from mold dimensions by the evaluation methods
described hereinabove to examin; the temperature range

suitable for molding in which satisfactory moldings were

obtained. In the case where there was completely no
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tenperature for 1 day, and these sanples were then separately exam ned for
expansion rati o, percentage of closed cells, and average cell dianmeter by
t he eval uation net hods descri bed hereinabove. A sanpl e having an expansion
ratio close to the target value of 16 cc/g, a high percentage of closed
cells, an average cell dianeter close to the target value of 0.32 mm and
uniformty in each of these properties was selected based on the results
of those exam nations, and the tenperature at which the selected sanple

had b t tj nal ' t t f th

T g T A S o e R
expansi on V\r%r@]lp? Zi(%mf%%?des r'i%(ﬁrﬁ%pheg?$€%da%%a#€?uE‘.asu ¥ was forced
of 5 hour o St e | PR S I eld RS | S Gra tled o ATCE B0sE 171075

of 5 hours, and an air pressure was~ nal n

hours to hahgidBiys Mere obtained was selected. At £ 4% select %
internal pressure of the gas (air) wthin the expande eads. ?‘e anount

of air contmdXldihg rtdnperananse dndbdiisg b Sl peer dimed Nagain catfRat vas

regulated to 3.0 kg/cn2G in terns of ©pressure by controlling the time for
mai nt ai ni ngresaktimy exsldingsSuiss uerd 1va tdd ef ex pERcesl & areBdalei WM ¢ hahde

i nternal pressure had been inparted were introduced into an
material properties by the evaluation methods described
hereinabove. |

(EXAMPLE 1 AND COMPARATIVE EXAMPLE 1)

The experiments given below were intended to show the
importance of the pre-expanded_peads-according to the present
invention. 1In other words, éh;[éxperiments demonstrate the
fact that the pre-expanded beads of the present invention are
the only beads which not only have a wide range suitéble for
molding but also provide a high-compression-strength molding
of a complicated shape where parts considerably different in
thickness coexist.

In the following experiments, resin beads were
produced according to the "Composition of Resin Beads" for
each run number in Table 5 by the method for producing
pre-expanded beads described hereinabove. In run Nos. 1 to 6
and run Nos. 12 and 13, expansion was conducted by the
multistage température-rising expansion method in which the
steps of low foaming, first exp;nsion, and second expansion

were carried out to produce pre-expanded beads having an

expansion ratio of 16 cc/g and the third expansion was then
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expandi ng apparatus (deaerating tenperature-rising type). The tenperature

i nside the vessel was ifcreased from80[err]C to an expansion tenperature
over: a period of 20 seconds, and the expanded beads .were heated with steam
for 10 seconds while nalntalning that tenperature. Thus, fourth-stage
pre- expanded beads were obtai ned. The expansion tenperature used was
decicded beforehand by performng a prelimnary experinent with respect to
each kind of third-stage expanded beads to determ ne the optinal

condi {1 onschhesehobucato babiAus: pERUCkiaghagerBbaseKAdIIE] aleadpatiats

produced a vari ous expansron érattres obtarned ang |ng eam

bressure Op05; Y0P 99 Eg/xgrﬂ ©ih] cbBy! B9 £ARGR BhoblOfERea0 chy/ §BGiLG 1 80

kg/ cnierr] he fourt fage pre-expande néd at eac

expansi on +RHP6£: aag oﬂe&erageéngac%a' qr ¥3et gmsa%%gdf @ftedmday, and

t hese sanpl es me en separat e exam ne expansion rati o,

per cent agepﬁéséhﬁéeﬂgﬁéh*@ S te"tﬁr@%:?&ﬁxf@' do fli MBINEr iRYTABEe €Y 2l uati on
nmet hods descri bed herelnabove A sanpl e having an expansion ratio close to
the target value of 33 cc/g, a high percentage of closed cells, an
average cell dianeter close to the target value of 0.40

- 46 - mm and uniformty {ABBEBCA of these properties was
selected based on the results of those exam nations, and the tenperature

at which t K g
Foaming Expansion Expansion Expansion
temperature temperature temperature temperature
in low- for the for the for the
foaming step | first second third
kg/cm®G (°C) | expansion expansion expansion
. kg/cm?G (°C) | kg/cm?G (°C) | kg/cm?G (°C)
Run No. 1 1.15 1l.10 1.10 -
(122.7) (122.9). (122.0)
. ' 1.00
Run No. 2 (120.3)
Run No. 3 1.10 1.05 1.05 -
(122.0) (121.0) (121.0) -
1.00
Run No. & (120.3)
Run No. 5 1.10 1.05 1.05 - "
(122.0) (121.0) (121.0)
1.00
Run No. 6 (120.3)
Run No. 12 0.90 0.85 0.85 -
(118.8) (118.0) (118.0)
0.85
(118.0)

In run Nos. 7 to 11, expansion was conducted by the
flash expansion method to produce pre-expanded beads having
~an expansion ratio of 16 cc/g. The feed amount of a foaming

agent, the expansion temperature, and the internal pressure
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was taken as the optinmal expansion tenperature for the resin. (2-2)

Fl ash Expansi on Method - - Into a pressure vessel were introduced 100
parts by weight of resin beads, 20 to 30 parts by wei ght of

di chl orodi f1 uoronet hane as a foam ng agent, 300 parts by weight of water,
1 part by weight of powdery basic calcium tertiary phosphate as a

di spersant, and 0.006 parts by weight of a sodium n-paraffinsulfonate-.
The contents were heated to each of given tenperatures (90 to 150[err] Q)

with stirrigg. d e_pr uge yessel was opened ) il epi t
i nt er nal pressgggggyﬁghggégégePB ?ﬁ%oe¥8a§§1Q81¥ﬁE& £t §%§§6Fﬁﬁngﬁg
beads si mul {,angauSklowht Pnt t into the atnDsphere to expand the
beads. Thus, two k%ngs o? .Eggmgxgggéié Beads havi ng expansion ratios of 16
cc/g and 33 ccc/g, respectively, were obtained. Wth respect to the feed
anount of the foam ng agent, the expansion tenperature, and the internal

pressure of the pressure vessel, the thbﬂglz conditions therefor were
enpl oyed whi ch had been deternmined beTorenand through prelimnary

V\E:xpamdilonwed ImtemanobmbsMed bfia

obt ai ned by t he above y
tenperaturegl and ordi par9f feamivaragehyr UStémpersturend | hepresautecsessslo a
- 47 - (parts by weight) - (°C) (kg/cm?G)
Run No. 7 25 131 30
Run No. 8 25 128 28
" Run No. 9 25 126 25
Run No. 10 25 130 29 l

Run No. 11 25 [ . 128 28
I I

The pre-expanded beads samples obtained by the above

experiments were examined for expansion'ratio, percentage of
closed cells, average cell diameter, and the fusion
properties measured by the DSC method described hereinabove.
The results obtained are shown in Table 5. Further, with
respect to each of the expand beads samples obtained, molding
was conducted again according to the method for molding
production as described hereinabove at a temperature in the
range suitable for molding, specifically at the molding
temperature which is shown in Table 5 under Molding
Conditions and at which most satisfactory moldings were
obtained. The moldings obtained were evaluated for expansion

ratio and compression strength by the evaluation methods
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pressure vessel. The contents were aged for 48 hours while pressurizing
the same with air at 2.5.'kg/cnferr] G Subsequently, the.pre-expanded beads
wer e “packed into a general -type nold (consisting of matching male and
femal e nolds formng a cavity which, as shown in Fig. 4, had | ength,

wi dth, and height dinmensions of 300, 300, and 50 nm respectively, and
contained thick and thin parts, i.e., part A (50 mmthick), part B (13 mm
t hick), and part C (15 mmthick), the whole inner surfaces of the male and

femal e ol ¢ sl sHbdPh \%?g h er e ed ste roducrng
menber s shown I n prh% %jc‘bés%%tch %é‘}ﬁ{]rﬁ a?%%ﬂé%é %:

machi ne. T ipeaeked beads were nDIded with heating, and the resulting
nol di ng was taken out of the nold after cooling. Thus, a nolded foam was

obt ai ned. Thi b 1t SRfilaialacnd I W SRR dhat D] e for
Mol di ng) Mol di ng was conducted at various tenperatures obtained
by changi n@ridiexpapded ReAS @ah ‘?é(}gﬁ
from 1. 00 %i:o 2.00 kg/cnferr] G Trgel%rr*t;)é(ﬁbr%? Kﬂiot?l{aé ﬁ{elfjd %rét%orgé;ein%l | ng&{

t enper at ur edhiwhr hazldbdem) prddusedif rofd [spddi@ i £ iy lstifonetit QvBekd O
stand at roomtenperature for 1 day, and then separately evaluated for the

degree of fresims (awh Hos.nkago feomotlohly Fave G FuBich erriGEhertnian
met hods descri bed herei nabove to exani ne the tenperature range suitable
for nol di ngunvresupon aagilysist erithral cﬁirfg’:enmﬁﬂalolﬁaamﬁdxg |0 o e ntetsenr
where there was conpletely no - 48 -
(DSC) which curve was a single-péak mountain-shaped curve
having a temperature width of the mountain-shaped curve part
of 15°C or more,-but also had a wide temperature range

suitable for molding and capable of yielding satisfactory

- S

products and showed excellent in-mold moldability during
production. In contrast, the comparative pre-expanded beads
samples produced from mixed resins which each had not
contained at least one of the four components used in the
present invention, that is, the pre-expanded beads samples
produced from an LL/HD1/HD2 mixed resin (run No. 7), from an
HD1/HD2 mixed resin (run No. 8), from an LL/HD1l mixed resin
(run No. 9), from an LL/HD2 mixed resin (run No. 10), from an
LD/LL/HD2 mixed resin (run No. 11), and from an LD/LL/HD2
mixed resin having a resin density below 0.940 g/cm® (run
Nos. 12 and 13), each gave a fusion endothermic curve upon
analysis with a differential scanning calorimeter (DSC) which
curve either had not a single bht at least two peaks or had a
temperature width of the mountain-shaped curve part less than

15°C. The results further show that those comparative
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tenperature range for obtaining satisfactory noldings, the sanple is

i ndi cated by "none". Basg€d on the results .obtained, the optinmal nolding
tenmperature at which best noldings were obtained was selected. At this
selected nolding tenperature, nolding was perfornmed again. The resulting
nol di ngs were evaluated for in-nold noldability and material properties by
t he :eval uati on net hods descri bed hereinabove. (EXAMPLE 1 AND
COMPARATI VE EXAMPLE 1) The experinents given bel ow were intended
to.show th | - i N0: esent
mvent i on. B RRHEREE tlads B R H ey MR ot d et O T
pr e- expand 3 I b4 i Ve éfgﬁé} i not
only have g&v&%&%@'a gaevtésﬁﬁlgﬁl fg}rﬂ:\wmr)# mg%‘ﬁ?p%%%oﬁ[ﬁ Os\/_l de P{"P 44

hi gh- conpr gastied etide® MiHdb 1@ 1td HEcdiip )i sl OB fELEDBE e Srdsdn e
considerably different in thickness coexist. In the Toll ow ng
experi ment Snveaiibreads were produced according to the "Conposition of
Resin Beads" for each run nunber in Table 5 by the method for producing
pre- expanded beads (GxMPLiIEE@ ANDSICOMPARATIVE BXAMIIE 2l) to 6 and run Nos.
12 and 13, expansion was conducted by the nultistage tenperature-rising
expansi on net hod i IThehiexperimentisegd vain (baldwarere irftiemied parshaw, thend
second expansion were carried out to produce pre-expanded beads having an
expansi on ratportances ofc upeand teh ssgad irfid e xfransicomperenthanixed resin as

a feedstock resin for the pre-expanded beads according to the
present invention.

In the following experiments, resin beads were
produced according to the "Composition of Resin Beads" for
each run number in Table 6 b§ :he method for producing
pre-expanded beads described hereinabove. In run Nos. 14 to
30, expansion was conducted by the multistage temperéture-
rising expansion method in which the steps of low foaming,
first expansion, and éecond expansion were carried out to
produce-pre-expanded beads héving an expansion ratio of 16
cc/g. In each of these experiments, the foaming and

expansion were conducted at the preselected steam pressure

kg/cn’G (and temperature °C) shown in Table 3.

- 53 -



- 49 - carried out to produce pre-expanded beads havi ng an
expansion ratio of 33 cc/g. In each of these experinentss, the foam ng and
expansi on were conducted at the preselected steam pressure kg/cnjferr]G
(and tenperature [err]C) shown in Table 1

TABLE 1 Foam ng Expansi on Expansi on Expansi on
tenperature tenperature tenperature tenperature in | ow
for the for the for the foam ng step first
second third kg/%g%éé#%§rr]cy expansi on expansi on
expansi on kg/ cnG ([err] Q) kg/ cn2G ( kg/ cn2G ([err]C Run No. 1
1.15 . 2210 ' 224 =£ .

(122.0) .| Foaming Expansion Expansionl. 00 n
No. 2 temperature in temperatyrk2foi3) | teniparddmre 3for
1.10 1.05 lo@Hoaming step | the first thel 8€cdmd

(121.0) (121.0) kg/cm?G (°C) expansion expansion

1.00 Run No. 4 " kg/cm?G (°C) kg/t@% 3JC) Run
(N2'22.50) " Ig'qfx}gq d)lr ',?51151)(122.7)1,' 1.10 (122.0) — 1.10 (122.0)
h)oolzRun urBNo. 15 1.10 (122.0) | 1.10 (122.0) (1139-@kr1.0yun
(118. 8) Ryn N@. 36 (11819H)122.7) 1.10 (122.0) 1.10 (122.0)

0.85 Run 1o, 17 | 1.20 (123.2) . |.. 1.20 (123.2) (138- Qbs.2
In run Nos. - ﬂ4HL#wEhGQﬂJHGLﬁd—by—LAe——ELGGF d
to produce [jpRwr Bapasded bepdsihesi(agi.gn expansisoniziaviyo df n60ec(igo.IThe

f eed anount| of T oam n
m Run ﬁo. 19 9 1.15 (122.7) 1.10 (122.0) 1.10 (122.0) "

}Run No. 20 1.15 (122.7) 1.10 (122.0) 1.10 (122.0) "

Run No. 21 1.10 (122.0) 7| 1.10 (122.0) 1.05 (121.0)

" Run No. 22 1.10 (122.0) |- 1.10 (122.0) 1.05 (121.0) “
Run No. 23 1.20 (123.2) 1.20 (123.2) 1.20 (123.2) "
Run No. 24 1.20 (123.2) | 1.20 (123.2) 1.20 (123.2) “
Run No. 25 1.25 (124.0) 1.25 (124.0) 1.25 (124.0) |
Run No. 26 1.20 (123.2) 1.20 (123.2) 1.20 (123.2)

| Run Wo. 27 1.15 (122.7) 1.15 (122.7) 1.15 (122.7)

| zun wo. 28 1.10 (122.0) 1.10 (122.0) 1.05 (121.0)
Run No. 29 1.20 (123.2) 1.20 (123.2) 1.20 (123.2) |
Run No. 30 1.10 (122.0) 1.10 (122.0) 1.05 (121.0) "

Each of the expanded beads samples obtained were
examined for expansion ratio, percentage of closed cells,
average cell diameter, and the DSC fusion properties
described hereinabove by the evaluation methods described
hereinabove. The results obtained are shown in Table 6.

Each expanded beads sample was further used for the
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abent, t he expansion tenperature, and the internal pressure

- 50 - of pressure vessel on the expansion were set to
predeterm ned values shown in Table 2 bel ow :

TABLE 2 Feed anmpunt Expansi on I nternal pressure of
of foam ng agent tenperature pressure vessel (parts by
wei ght) ([err] O (kg/cnmferr] QG Run No. 7 25

131 30 Run No. 8 25 128

gg Run N%ro%%d';on of2% moldingzgnaviﬁﬁ%&o e%nsion r:%tglo &’rbé\bcc/]t? 128
28 - I
experiments We-rggﬁe a%oﬁe g‘%%e"%g%%ﬁ@ﬁ (#)%perdc}génicf age %fe Cia§%'/)sede cells,

aver age celje,did@idve wﬂwan%afﬁéslme x@@fbéﬁ@fe RaYE Shivaghe £5€

net hod descri bed herei nabove. The resu tal ned are shown in Table 5.

Further, wirdd1dirREPeEId thet 3t uditd biReRan feadhdaimiesTalai 6etin

nol ding was con uct ed agai n according to the nethod for nolding

product i on wit che thd hRbuldsLioane s 2 I emperaidire im Riwmplénpeasali t abl e
for nmolding, specifically at the nolding

also shown.

The results summarized in Table 6 show that the
expanded beads samples produced from resin compositions
within the range specified in the present invention (the
samples of run Nos. 1, 3, and 5 were produced from resin

compositions in that range, while the samples of run Nos. 14

- T

to 25 were produced from resin compositions on the bounds of
that range) not only gave a fusion endothermic curve upon
analysis with a differential scanning calorimeter (DéC) which
curve was a single-peak mountain-shaped curve having a
temperature width of the mountain-shaped curve part of 15°C
or more, but also had a wide temperature range suitable for
molding and capable of yielding satisfactory products and
showed excellent in-mold moldability during production. In
contrast, the comparative pre-expanded beads samples produced
from resin compositions outside the range specified in the
present invention (run Nos. 26 to 30) each not only gave a
fusion endothermic curve upon analysis with a differential
scanning calorimeter (DSC) whiéﬁ curve either had not a
single but at least two peaks or had a temperature width of

the mountain-shaped curve part less than 15°C, but also had a
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tenperature which is shown in Table 5 under Mol ding Conditions and at
whi ch nost satisfactory~nol dings were obtained. The nol:idi ngs obtai ned were
eval vated for expansion ratio and conpression strength by the eval uation
met hods descri bed herei nabove. The results obtained are shown in
Tabl e 5. : The results summarized in Table 5 show that the

pr e~expanded beads sanpl es according to the present invention which had
been produced from specific four-conponent mxed resins (run Nos. 1 to 6)

not only gauerdw Lol %(:ﬁgg)% Wgaqq salift\é%ﬁép%r.aﬁ@m [pxlﬂlfeeroee"t i al

scanni ng cal ori nmeter curve was a single-p ak nDun n- shaped

curve havy&a1a1h§rraart§ts%%tw§9ta&®qgihg% M iAoyl Rdds/e part of

15[ err] C of nore, "but al so enperature range suitable for

nol di ng andefopskiratel thael ¢had reslins s tiPnOFHarlge FpeFIwR jexagld ent
in-mold noldability during production. ['n contrast, the conparative

pre- expandpgeBeads invaneion As0AGeed shigMEdIX ad:dbﬁ@lﬁ%mmgc Rheadb jeatsnot
contai ned at | east one of the four conponents used in the present

i nventi on, ofh&hel prekeatpiavenpdnaced beads sanples produced from an
LL/HD1/ HD2 m xed resin (run No. 7), froman HDl/HD2 m xed resin (run No.
8), froman LL/HDL m xed resin (run No. 9), froman LL/HD2 m xed resin
(run No. 10), froman LD/ LL/HD2 m xed resin (run No. 11), and from an

LD/ LL/ HD2 TABLE 4
mgﬁ
Symbol Kind of Density | MI Melting Kind and amount
of resin (g/cm®) | (g/10 point of comonomer
resin min) (°C)
1 D - 0.929 2.5 118 none :
11 LL 0.915 1.0 119 butene-1,
- & 3.0 mol2
III LL 0.924 : 0.8 120 butene-1,
2.5 molz
v LL 0.928 1.0 123 -butene-1,
2.1 mol2
v LL 0.935 1.8 124 butene-1,
1.5 mol2
VI HD1 0.940 2.0 125 hexene-1,
s 1.0 molZX
VII HD1 0.945 0.75 126 hexene-1,
0.6 mol?
VIII HD1 0.954 1.0 - 128 propylene,
II 0.4 molZ
IX HD2 0.960 0.3 130 butene-1, “
0.3 molZ
X HD2 0.965 0.3 133 butene-1,
0.2 mol2
X1 HD2 0.970 1.0 135 none
—
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m xed resin havi ng a resin density below 0.940 g/cnB (run Nos. 12 and 13),
each gave a fusion endat, herm ¢ curve upon analysis wth-a differenti al
scanmi ng cal ori meter (DSC) which curve either had not a single but at

| east two peaks or had a tenperature width of the nountain-shaped curve
part | ess than 1=e==-C—">hp=—=oculits Fsﬁeaﬁe e~conparative
- 52 - pa;e%expand ha¢l § npr n sui tabl e
for nol ding, gav goldin %t i Sstof] 8f nd were
hence unable to- acg)mglﬁ'gg 8t 9Bt Sl ivaat Hon.
(EXAMPLE 2 AND COWFB\BA 5/ ST BkPFer?nBYt & gi ven bel ow
were intended to § hes of {a Ispeciffilc flo@r - conponent
m xed resin as a feedst_g_'w'esi for [the prd- ekpdndpd]|beady secording to
the present inve tiqn.cb°gg° ~ In.,__lotre ol Isg\/\4j°1g, expe i ngnfis, resin beads
were produced acdordi 8&8Hst h& "|[Cofpdsi Ki ¢i5|os| RdsEhIPeads] for each run
nunber in Table 6lby |tH hod flor prioduciing pr4-ekpandedllbeads descri bed
her ei nabove. In r{in !1495—4-4— -eXPaRSH-o+ whs—teohd by the
nmul tistage tenpergtBe- ris|n xpandi o tihod ifn Whilch tfje steps of | ow
foam ng, first e parsg,o%anq Srlhé etpanston| Whre fi i@y out to
produce pre-expangegl bgﬁ_ hi®il it ah dxparsignt &|i®| & "_IJI
% CUT
3|83
E foun | 8] 8 8| 8] 8] 85| 8 8] &8 5] 8 &
S | 858
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g?j o 3| o| 8] o] 8] 2| 2f af 2| 2| 2| =
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c~c/g;. In each of these experinments, the foam ng and expansion were
conducted at the preselected steam pressure kg/cnRG (and tenperature

[err}C) shown in Table 3. . - 53 -
TABLE 3 Foam ng Expansi on
Expansi on tenperature in tenperature for
tenperature for | ow- f oam ng step the first
t he second kg/ cn2G ([err] O expansi on
expansi on kg/ cn2G ([err] Q)
kg/ cn2G ([err]C Run No. 14 1.15 (122.7) 1.10 (122.0)
1.10-(122.0) Ru — e L 10 1.10 (122.0)
1.05 (121.0) Run{No| 16 1.5 (JTZZ 7) 110 (122.0)
1.10 (122.0) Run|No} 17 1.0} (423} 2) 1§20 (123.2)
1.20 (123.2) Run|No| 18 1.Pp5( (2421} 0) 1§05 (121.0)
1.00 (120.3) Run|No| 19| o] o] o| o{lells (%22 M x| x| x| ¥f10 (122.0)
1.10 (122.0) Run|No| ¥dog| 8| 8| ¢ &":1"-215;(%'2’2?%‘@ <| €] £[]10 (122.0)
1.10 (122.0) Run|[No| 341* "‘°"‘°1".'%6’( 221 03 ~{ | 7| 210 (122.0)
1.05 (121.0) Run{Noj A2 1.00((122 O)L 1110 (122.0)
1.05 (121.0) Run|Ngj &43 1.ROJ( 23] 2) 1§20 (123.2)
1.20 (123.2) Run{iNg| £44 1.P0l(123] 2) 1420 (123.2)
1.20 (123.2) Run|Ngf "5 1.p5] (124} 0) 1125 (124.0)
1.25 (124.0) Run ;% 6 1.0} (23] 2) 1§20 (123.2)
1.20 (123.2) Run|]Ne 7 1.05|( 4221 7) 1415 (122.7)
1.15 (122.7) Run|iNe| s48< ol of wlkslt0 %22 o 1|t 210 (122.0)
1.05 (121.0) Run o| 2| B| 5| 8|12p&|ALE| B 5 5] || 820 (123.2)
1.20 (123.2) Run QS o Tu8 2 6) 1 71 7| Tjo (122.0)
1.05 (121.0) -

(-]

$ 2

o i

g

Expansion ratio
cc/g
25
50
25
50
25
50

2

25
25
25
25
25
50

Molding conditions
Molding temperature,
steam pressure
kg/cn?6
1.60
1.60
1.55
1.55
1.52
1.52
1.46
1.48
1.40
1.46
1.4
1.25
1.25

11
12
13

Run No.
Ex.1
1
Comp
Ex. 1
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Each-of the expanded beads sanpl es obtained were exam ned for expansion

rati o, percentage of closed cells, average cell dianeter, and the DSC
fusion properties described herei nabove by the eval uati on net hods
descri bed hereinabove. The results obtained are shown in Table 6. Each
expanded beads sa ther _ —
- 54 - of| a xpn$i dn | atj @ of 25
cc/g according t Y o] as| d¢sqrep 3
her ei nabove to ev P &I AR 8 KNS a:mi and
the results obtai laad it thle<t &§uP| € fofa run
Nos. 1, 3, and 5 e The |repullt
sumari zed in Tab at tlt anpl ¢s |pr pdyced from
resin conposition e al OF R} d[tn| R ent i on
(the sanples of E| &= rons| i Bl S
conpositions int =Wwhifl e 1 [ 0 25 were
produced fromresfin cprpesions—ph atlrfRgen only
gave a fusion end efrmc curve u , di f{erdenfidl scanning
cal orineter (DSC) ice, BurJezhei$ teol 1 SHlaRe&jlcur ve
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tenperature wi dth of the_nountain-shaped curve part of 15[err]C or nore,
but also had a wi de tenpérature range suitable for nolding and capabl e of
yi el ding satisfactory products and showed excellent in-nold noldability
during production. In contrast, the conparative pre-expanded beads sanpl es

produced fromre t he range specified in the
present invention eagh not only gave a fusion
endot herm ¢ curve d{if ferential scanning calorineter
(DSC) which curve ngle but at |east two peaks or had a
tenperature wi dth curve part less than 15[ err]C
but al so had a - 55 - narr ow
t enperature range nd aphd capabl e of yielding
satisfactory noldingy. F&s8pa\ $lts] denonstrate that the resin
conposi tion range spﬁcﬂﬁl‘g?}iﬁ &(tHeS| &leggnt i nvention is necessary for
acconpl i shing thejobjleBEEEBf tfhel ptedenf invention.
TABLE 4 Synbol Kitnd—of i AVA ’ Mel ti ng Ki nd and
anount  of egin (g c% (la/ 10 poi nt of conononer
resin =lg 8 Bl 2] 5 21(O0 I LD 0.929
2.5 118 %dngzgg Bl o| o] dlLs 0. 915 1.0 119
but ene- 1, g | 28% 3.0 nmol % 1] LL
0.924 0.8 § —120 UUFE S LI ' '
2.5 mol % v gl &e 0.p28 1.0 123 but ene- 1,
2.1 mol % EIEE,_ I8 sl
| goce
g1 858
§ ~
A EEEEE
g=8 -
s - =
g28 (8883 &‘“
220 c| a) af <] &
£3
[ N O} 10 ) O
; | M| N - N
g I
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| %

| %

LL 0.935. 1.8 124 but ene-1,
\Y/ HDB1 0. 940 2.0 125 hexene- 1,
Vi HD1 0. 945 0.75 126 hexene- 1,
VIl HD1 - 0. 954 1.0 128 propyl ene,
I X HD2 0. 960 0.3 130 but ene-1,
X HD2 0. 965 0.3 133 but ene- I,
POSSIBILITY OUF2 iNDUSTRIALO APPLICATYON 135 none

The present invention succeeded in completing
"pre~expanded beads having a wide temperature range suitable
for molding as well as sufficient compression strength
(expanded beads of good quality)" which have the constitution
described above from a polyethylene resin having a density of
0.936 g/cm® or higher, in particular 0.940 g/cm® or higher,
which resin has conventionally been thought to be difficult
to use for realizing such pre-expanded beads. The
pre-expanded beads are applicable to in-mold molding for
producing moldinés of complicated shapes, and are capable of
providing a foamed molding whiéh has enhanced compression
strength properties and intact cﬁshioning properties and
meets desires of the market, e.g., a reduction in load-
bearing area, a reduction in foam thickness, and an increase
in expansion ratio. Therefore, the present invention can
contribute to a comprehensive cost reduction in cushioning

materials (foamed moldings).
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SCOPE OF CLAIMS

1. Pre-expanded noncrosslinked polyethylene resin
beads comprising a mixed reein-comprising a high-pressure-
process low-density polyethylene, a linear low-density
polyethylene, and a linear high-density polyethylene,
characterized in that when a result of measurement of said
mixed resin with a differential scanning calorimeter (DSC) at
a heating rate of 10°C/min is exbressed as a fusion
endothermic cur&e, said fusion endothermic curve is a
mountain-shaped curve having a single peak, and when a peak
point of said mountain-shaped thve is referred to as A, a
point of intersection of a perpeﬁdicular line drawn from A to
the temperature axis and the base line of said fusion
endothermic curve is referred to as B, a point interiorly
dividing segment AB in said perpendicular line in a ratio of
9:1 is referred to as C, and two points at which a straight
line drawn through C and parallel to the temperature axis
intersects said fusion endothermic curve are referred to as D
and E, a temperature width of said mountain-shaped curve part

indicated by a length of segment DE is 15°C of more.
2., Pre-expanded noncrosslinked polyethylene resin

beads as claimed in claim 1, wherein said mixed resin has a

resin density of from 0.936 to 0.952 g/cm’.
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3. Pre-expanded noncrosslinked polyethylene resin
beads_as claimed in claim 1, wherein a linear high-density
polyethylene (HD1l) and a linear high-density polyethylene
(HD2) are used as said linear high-density polyethylene, and
said linear low-density polyethylene (LL) and said linear

high-density polyethylenes (HD1) and (HD2) satisfy the

following expression:
(mHD2 + mLL)/2 - 2 < mHD1 € (mHD2 + mLL)/2 + 2

(wherein mLL, mel, and mHD2 represent melting points of said
linear low-density polyethylené?(LL), said linear high-
density polyethylene (HDl), and said linear high-density

polyethylene (HD2), respectively).

4. A process for producing pre-expanded
noncrosslinked polyethylene resin beads which comprises steps
of infiltrating a foaming agent into beads of a polyethylene
resin and expanding said polyethylene resin beads,

characterized in that a mixed resin is used as said

polyethylene resin, which comprises (i) from 30 to 50 wt% of

a high-pressure-process low-density polyethylene resin having
a density of from 0.920 to 0.930 g/cm® and a melting point

(mLD) of from 108 to 118°C, (ii) from 5 to 30 wt% of a linear
low-density polyethylene resin having a density of from 0.916

to 0.938 g/cm® and a melting point (mLL) of from 118 to
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123°C, (iii) from 20 to 45 wt% of a linear high-density
polyethylene resin having a density of from 0.955 to 0.970
g/cm® and a melting point (mHD2) of from 128 to 135°C, and
(iv) from 10 to 35 wt% of a linear high-density polyethylene
resin having a density of from 0.940 to 0.954 g/cm® and a

melting point (mHD1l) satisfying the following expression (1):

(mHD2 + mLL)/2 - 2 < mHDl1 < (mHD2 + mLL)/2 + 2 (1)

5. A process for producing pre-expanded
noncrosslinked polyethylene resin beads as claimed in
claim 4, wherein said mixed resin has a density of from 0.936

to 0.952 g/cm’.

6. A process for producing pre-expanded
noncrosslinked polyethylene resin beads as claimed in
claim 4, wherein a multistage temperature-rising expansion
method is employed, which comprises infiltrating a foaming
agent into resin beads, heating the same to obtain lowly
expanded beads having an expansion ratio of from 1.5 to 3.5
cc/g, then infiltrating a foaming agent into cells of said
lowly expanded beads, and heating the same to obtain expanded

beads having a higher expansion ratio.
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7. A process for producing pre-expanded
noncrosslinked polyethylene resin beads as claimed in
claim 6, wherein a step, in which a foaming agent is
infiltrated into cells of said lowly expanded beads and the
same are heated to obtain expanded beads having a higher
expansion ratio, is repeatedly conducted from two or four
times, so as to produce expanded beads having an expansion

ratio of from 6 to 60 cc/g.
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" ABSTRACT

The present invention provides pre-expanded
noncrosslinked polyethylene resin beads which are made of a
mixed resin, as a base resin, comprising a high-pressure-
process low-density polyethylene, a linear low-density
polyethylene, and a linear high-density polyethylene and,
when analyzed with a differential.scanning'calorimeter (DSC),
give a fusion endothermic curve thch is a mountain-shaped
curve having a single peak and in which, when the peak point
of thé mountain-éhaped curve is referred to as A, the point
of intersection of the perpendicular line drawn to the
temperature axis from A and the ﬁase line of the fusion
endothermic curve is referred to as B, and the two points at
which the straight line'dréwn through the point C interiorly
dividing segment AB in the perpendicular line in a ratio of
9:1 and parallel to the temperature axis intersects the
fusion endothermic curve are referred to as D and E, then
that temperature width of the mountain-shaped curve part
which is the length of segment DE is 15°C or more. The
present invention further provides a process for producing
the pre-expanded beads. The pre-expanded beads of the
present invention are applicable to in-mold molding for
producing molded articles of complicated shapes, and the
moldings satisfy the desired compression strength even when

having a high expansion ratio.
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-60- PCSSI BI LI TY OF | NDUSTRI AL APPLI CATI ON The present
i nvention succeeded in conpleting "pre-expanded beads having a w de
tenperature range suitable for nolding as well as sufficient conpression
strength (expanded beads of good quality)"” which have the constitution
descri bed above from a pol yethyl ene resiff4having a density of 0.936 g/cn8
or higher, in particular 0.940 g/cnferr] or higher, which resin has
conventionally been thought to be difficult to use for realizing such
pre- expanded beads. The pre-expanded beads are applicable to in-nold

nol di ng for produci ng nol di ngs of com' ayged shapes, and are capabl e of
provi ding a foanmed nol ding which has ‘Eﬁc'd conpression strength
properties and intact cushioning properties and neets desires of the

mar ket, e.g., a reduction in |oad-

(D)




bearing ‘area, a reduction in foamthickness, and an increase in expansion
rati o. Therefore, the present invention can contribute to a conprehensive
cost reduction in cushioning materials (foanmed nol dings).

- 61 - SCOPE OF CLAI M5 1.

Pr e- expanded noncrosslinked pol yet hyl enegz&si n beads conprising a m xed
resin conprising a high-pressure- proce | ow- density pol yet hyl ene, a

i near | owdensity polyethylene, and a linear high-density polyethyl ene,
characterized in that when a result of neasurenent of said mxed resin
with a differential scanning calorineter (DSC) at a heating rate of
10[err]Cmn is expressed as a fusion otherm c curve, said fusion
endotherm c curve is a nountai n-shapeﬁ-gié(_vg havi ng a single peak, and

when a peak
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poi nt of said nountain-shaped curve is referred to as A, a point of
intersection of a perpendicular line drawn fromA to the tenperature axis
and the '‘base |line of said fusion endothermc curve is referred to as B, a
point interiorly dividing segnent AB in said perpendicular line in a ratio
of 9:1is referred to as C, and two poam4s at which a straight 1|ine drawn
through C and parallel to the tenperature axis intersects said fusion
endotherm c curve are referred to as D and E, a tenperature width of said
"nmount ai n- shaped curve part indicated by a |l ength of segnent DE is 15[ err]C

or nore. 2. Pre-expanded noncrosslinked pol yethyl ene resin
beads as clained in aim1 _ wherein said mxed resin has a resin density
of fromO0.936 to 0.952 g/ cnB. - 62 -
3. Pre-expanded nong¢rosslinked pol yet hyl ene resin beadd as clained in
claim1l, wherein a linear high-density polyethylene (HJl) and a | inear
hi gh-density pol yetlhyl ene (HD2) are used as said |inear] high-density
pol yet hyl ene, and s$aid linear |owdensity polyethyégneq{LL) and flsai d
linear high-density polyethylenes (HD) and (HD2) satidfy the fjllow ng
expressi on: —] m
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(MHD2 + nlL)/2 - 2 < nHDL < (nmHD2 + mil)/2 + 2 (wherein nLL, nHD1, and

mHD2 represenht nelting points of said |inear |owdensity polyethylen (LL),
said |inear high- density polyethylene (HDl1), and said |inear high-density
pol yet hyl ene (HD2), respectively). 4. A process for producing

pre- expanded noncrosslinked pol yethyl ene resin beads which conprises steps
of infiltrating a foam ng agent into beddi4 of a pol yet hyl ene resin and
expandi ng sai d pol yethyl ene resin beads, characterized in that a m xed
resin is used as said polyethylene resin, which conprises (i) from30 to
50 wt % of a high-pressure-process | owdensity polyethylene resin having a
density of from0.920 to 0.930 g/cnB8 and a nelting point (nLD) of from 108
to 118[err]C (ii) from5 to 30 wt%of a linear |owdensity polyethylene
resin having a density of fromO0.916 938 g/cnB and a nelting point
(mLL) of from 118 to 4;1 - 63 -

123[err]C, (iii) from20 to 45 Wt % of a Il near hi gh-density pol yet hyl ene
resin having a density of fromO0.955 to 0.970 g/cnB and a nelting point
(mHD2) of from 128 to 135[err]C, and (iv) from10 to 35 wt% of a |linear

hi gh-density pol yethyl ene resin having en5|ty of fromO0.940 to 0.954
g/cnB and a nelting.point (nHD) satisfﬁi‘f the foll owi ng expression (1):
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Umm-+m¢w2- 2 < nHDl <—rHBP2 £l 2 (1) 5. A
process for producing pre- hAEEWﬁﬁgtéﬁgﬁillnked pol yet hyl ene resin beads
as claimed in claim4, whegmn sald m xed |résin has a density of from

0.936 to 0.952 g/cnB. - @Ayﬁwwsoce<s for producin re- expanded
noncr ossl i nked pol yet hyl ene| r S|n eads as |cl|ai med iﬁﬂLéHQﬂgﬁﬁﬁﬁﬁhéﬁgﬁﬁai
mul ti stage tenperature-risihglexpanstomr—TEt Hod i s enpl oyed, which
conprises infiltrating a fopm ng agent irnto jresin beads, heating the sane
to obtain lowy expanded beads havi ng an expansi on ratio of froml1l.5 to
3.5 «cc/g, theninfiltrating a foam ng agent into cells of said lowy
expanded beagntidndisiarye @Rl XPansiondby Tejulatderny d&emﬁwmmgaga

hi gher expansion rati o.

7. A process ther pressmxen@ny ¢empexatate odndhes sdssedd rnﬂqtetdﬁ)ﬂesim resin
beads as clainmed in claim®6, wherein a step, in which a foam ng agent is
infiltrated havingla gedatisedy GAryovx randged dfe dempenatiires suitable for

foaming (viscosities suitable for foaming) can be easily

expanded. As a result, pre-expanded beads having an
‘expansion ratio as high as 66 cc/g can be obtained through
one-step expansion operation.

In view of the fact'that the current "multistage
temperature-rising expansion method" cannot be used.for
obtaining expanded beads from any noncrosslinked polyethylene
resin having a high density (not lower than 0.936 g/cm®,
especially not lower than 0.525 -g/cm®), it has been extremely
difficult to produce expanded beads which have a wide
temperature range suitable for molding as well as
satisfactory basic properties.

Accordingly, an object of the present invention ié to
provi&e pre-expanded noncrosslinked polyethylene resin beads
which have a wide temperaﬁure_range usable in in-mold molding
for producing a_satisfactory molding of a complicated shape,
and which can give a molding having'a desired compression
strength and excellent cﬁshioﬁing properties even when having
a high expansion ratio.

Another object of the present invention is to provide

polyethylene
a process by which expanded noncrossllnked ethylene re51n

beads having the properties described above can be provided

easily.
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ing a higher expansion ratio,

is repeat€dly conduct ed frquwVQ5v | 'rms, so as to produce expanded
beads hévi ng an expansi on L. ‘ m o {tq 60 cc/qg.
- 65 -
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Still another object of the present invention is to

provide a “multistage temperature-rising expansion method" by
polyethylené

which expanded noncrosslinked—ethylene- resin beads having the

properties described above can be provided easily.

DISCLOSURE OF THE INVENTION .

As a result of intensive studies, the present
inventors have found that a.mixed resin, which upon analysis
with a differential scanning calorimeter (DSC) shows
properties within a specific range, can give "pre-expanded
beads having a wide temperatuff range suitable for molding as
well as sufficient compressio;'strength (expanded beads of .
good quality)" even when the mixed resin is a polyethylene

resin having a density of 0.936 g/cm® or higher, which resin

has been thought to be difficult to give such pre-expanded

. beads. The present invention has been completed based oﬁ'

this finding. Since the pre-expanded beads obtained have
high compression strength properties and a wider temperature
range suitable for molding, the beads can meet the desire of
the market to attain a reduction in load-bearing area, a
reduction in molding thickness; an increase in expansion
ratio, etc., while retaining intact cushioning properties.

The present invention.is accomplished by the
following pre-expanded beads:

1) Pre-expanded noncrosslinked polyethylene resin

beads comprising a mixed resin comprising a high-pressure-
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