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’;jAND PROCESS FOR PREPARI NG THE SAME - BACKGROUND COF THE | NVENTI hJAMEWHént
“i-nvention relates to pre-expanded particles of a polyolefin resin and a
process for preparing the sane. Mre pariicularly, the present invention
relates to polyolefin resin pre-expanded particles 5 suitable for use in an
I n-nold foam ng nmethod wherein in-nold foaned articles are prepared by
filling polyolefin resin pre-expanded particles in a nold capable of being

cl osed but incapable SN SITIEIN ©F SEANEN eqtigg t he
particles with a heaFlgnLgﬁ% L sl as steamto f hem toget her, and a
process for preparing ARD PROECHR YR PREPARESG THERSANaE ef i n f oaned
articles are superior resi stance, eat resistance and
distortion restoration rate after conpression as conpared to polystyrene
foamed articles. Also, in-nold nolding of polyolefin pre-expanded
parti.cl es has the advant age ' ROVENBOETHE! PVENTYONY a conpl i cat ed
shape can be prepared. For these reasons, 15 polyolefin in-nold foaned
articles have been pphelpresint d8fehtiodardlats td iptbdSpdridedpABcES of%
cushi oni ng packaging materials, returnable delivery boxes and autonobile
bunper cor egelyblefih B&divad prioeess foSpleRiritig €hé edndd. aMmeﬁﬁbuﬂ@rl%rﬁ t he
vicinity of its nmelting point, the crystal structure changes to reveal two
20 fusion piakpredait iasiticd relatds fioepelolefin sesimiprg-eadaidet tparticlsC) .
JP- A-59- 176336 di scl oses that polyol efin pre-expanded particles prepared
by a meShodswitable foampse $rsare infmold) fpatnyng ehethod whenein tinenedd foamed
aqueous di spersion nmedi um contai ning a dispersing agent and a

articles are prepared by filling polyolefin resin pre-expanded particles in a

mold capable of being closed but incapable of being hermetically sealed
and heating the particles with a heating medium such as steam to fuse
| them together, and a process for preparing the pre-expanded particles.

10 Polyolefin foamed articles are superior in chemical resistance,

heat resistance and distortion restoration rate after compreséion as

compared to polystyrene foamed articles. Also, in-mold molding of

polyolefin pre-expanded particles has the advantage that foamed articles

having a complicated shape can be prepared. For these reasons,

15 polyolefin in-mold foamed articles have been popularly used in various

fields, for examples, as cushioning packaging materials, returnable
delivery boxes and automobile bumper cores.

If a polyolefin resin is heat-freated at a temperature in the

vicinity of its melting point, the crystal structure changes to reveal two

20 fusion peaks when measured by differential scanning calorimetry (DSC).

JP-A-59-176336 discloses that polyolefin pre-expanded particles

prepared by a method which comprises charging polyolefin resin particles,

an aqueous dispersion medium containing a dispersing agent and a

dispersing aid, and a blowing agent in a pressure vessel, heating the



v

drspersing aid, and a blowing agent in a pressure vessel, heating the 2
rTesulting dispersion with stirring to a prescribed pressure and a

prescri bed tenperature, and releasing the dispersion into a | ow pressure

at nosphere to thereby expand the particlgs (the nethod being hereinafter
referred to as "pressure rel ease expansi on nethod"), are required to have 5
a crystal structure having two fusion peaks as observed on the DSC. curve

in obtaining good in-nmold foam ng products. Further, it is proposed to

i nprove t herggliflali |dispefioROith ebtifrinB’ @o %P yeaeribat! igregsuby AaH ™ Ng
the heat of fusion of ‘a peak appearing “on the  higher tenperature side of
the DSC curpfestribdtbtdthperattaed atdlftl@adihigthesdishesibnaini® C1dw pressdre Wi t h
respect to each kind of resins. For exanples, it is disclosed that the

ol dabi | i t yatrhosphesy eslthdiebyldipdirbtheparfities theométhed being hereinafter

hi gh-t enper at ur e-si de peak of pol yethylene resin pre- expanded particles
falls w thirefehed fnge “preswirel retcaden@xpansiog mhéthdd”) fdrd réddquirediterhave
heat of fusion of the high-tenperature-side peak of 15 pol yethyl ene resin

. pr e- exp&hded cpastal gtasctiat Hawhg tivo fulston pegks @k dbderved bnlthl DSC curve

(JP- A-2-43206), and when the heat of fusion of the high- tenperature-side

peak of pol itpobpyindng goediin-proid dsparidgproductsl es falls w thin the range
of 15 to 35 J/g (JP-A-5-179049 and JP-A-11-106550). Like this, in case of

conducting in-nol d nBuather, it isppromoseld to irBprovectiex proldabilpyrof polyelefinn i s
required to define a paraneter showing the crystal state of the resin,

e.g., the hpm-expahdedgpanicles byrdefiningainecheatiobfusioe gf eapeak appesding
differential scanning calorinmetry, and to keep the parameter within a
certai n rangs. the) highet itemiperatuns dide ofirthegDSL wemrve piethe gireeexpanded s
sel ected depending on the kind of 25 resin, expansion ratio, nolding nethod
and t hdQ i kpartipigeeithini esspeacific range twish pespeet to caeh Ikindiaftesins. For
preferabl e range, dinensional change of L -
examples, it is disclosed that the moldability is improved when the heat of
fusion of the high-temperature-side peak of polyethylene resin pre-
‘expanded particles falls within the range of not less than 5 J/g (JP-A-
64-1741), when the heat of fusion of the high-temperature-side peak of
15 polyethylene resin pre-expanded particles falls within the range of 8 to
25.1 J/g (JP-A-2-43206), and when the heat of fusion of the high-
temperature-side peak of polypropylene resin pre-expanded particles falls
within the range of 15 to 35 J/g (JP-A-5-179049 and JP-A-11-106550).
Like this, in case of conducting in-mold molding of polyolefin
20 pre-expanded particles, it is required to define a parameter showing the
crystal state of the resin, e.g., the heat of fusion of the high—
temperature-side peak measured by differential scanning calorimetry,
and to keep the parameter within a certain range. In practical in-mold
foaming, a more preferable range is selected depending on the kind of
25 resin, expansion ratio, molding method and the like. However, despite

that the parameter falls within a preferable range, dimensional change of

molded articles and molding cycle change occur and, therefore, it is hard



)

" nol ded articles and nol di ng cycl e change occur and, therefore, it is hard 3

to say that the foamng is controlled on a satisfactory |evel. D nensional
change results in generation of inferior products since the products do not
have the required di nensions. Nblding_py%le_change results in lowering of
productivity since the production nust bée conducted at the |ongest 5

nol ding cycle in order to avoid generation of inferior products. It is an
obj ect of the present invention is to provide pre- expanded particles of a

pol yol ef i n t&ghf thht Ehe fGdimbeg I LERE OIIRdDATR! shtisthéfdRilepalUs Dignémdidhay
cycle change to give cellular nolded articles having a good di nensi onal

stability. ¢HafgtyweshiRs ifigetetaidbn o tnfeiRygitodueye @iﬂmﬂé\;\ﬁfddﬁt@\dcdﬁoﬂ
process for preparing polyolefin pre-expanded particles ich can be

subj ect ed t havethetleduiahiliigensionsut Maltingeyetd dhaﬁﬁe egshitsGhalogeriang
di rensi onal change of foam ng products. These and ot her objects of the

present i nvefitprodustivitybsie@eethel prafpetient nfustnbe hebrithsetedpat ahe longest
her.ei nafter. SUMMARY OF THE | NVENTION It has now been found that the

di mensi dhal nididine crold inherderododavigd getlegatibangfanderdor pusddcty vari ation in
crystal state of pre- 20 expanded particles and the above-nentioned objects
can be achi eved by nitniisiamngbjebt ofathatpresent tinveatoins as biwe prbvidel prieat
pol yol efin pre- expanded particles having a uniformcrystal state can be
prepar ed byexpandgdnpanides of sppebmilefin mesiaa sehiekpears ibenmudtdeddn a mobd a
manner that the tenperature or pressure inside a pressure vessel is
el evat ed wi whtlasut icaulsimg enoldingneydle ¢hange dp giver edlbalairnpadded saticlesn of
resin particles inpregnated with a blow ng agent fromthe pressure vessel
into a | onehavingesgoasd dimensional stability.
10 A further object of the present invention is to provide a process
for preparing polyolefin pre-expanded particles which can be subjected to
in-mold foaming without causing molding cycle change and dimensional
change of foaming products. |
These and other objects of the present invention will become

15 apparent from the description hereinafter.

SUMMARY OF THE INVENTION

It has now been found that the dimensional change and the

molding cycle change are caused by variation in crystal state of pre-

20 expanded particles and the above-mentioned objects can be achieved by
minimizing the variation. It has also been found that polyolefin pre-
expanded particles having a uniform crystal state can be prepared by
carrying out the pressure release expansion method in such a manner

that the temperature or pressure inside a pressure vessel is elevated with

25 the lapse of time in the step of releasing a dispersion of resin particles
impregnated with a blowing agent from the pressure vessel into a lower

pressure zone.



4~ Thus, in accordance with the present invention, there is provided a
pre- expanded particle of a polyolefin resin wherein said pre- expanded
s particle shows two fusion peaks on a DSC curve when neasured by

differential scanning calorinetry (DSC) z{ld the proportion of 5 the heat of
fusion of the peak appearing on the high“tenperature side based on the
total heat of fusion of the two peaks represented by the equation: [Qh/(Q
+ )] x 100 falls within the range of 10 to 60 %in which Gh is the heat
of fusion of the pealthaRDeR] iRGordahbe Witd) thtserﬁsﬁs&&wriﬁvéhaenéndm% i$ the
heat of fusion of the peak appearing on the 10 l'ow tenperature side, and
the standar grgfded! 4 Pre¥xpuded paPatld 8Nal SolyblefilPEdint Wierdir? said Pre-
present invention also provides a process for preparing pre-expanded
particles otxpaR@kdobattifle’ @Hows | twACRIGENpeakst Bnak apBediciie Whdrhe
present invention, 5 there is provided a process for preparing
pr e- expandeghdiiired 185 differantinPbyh Rirgcdl8sinie e 9 TDSG) it tﬁ@pﬁ%ﬁ@ﬁi(ﬁ‘i of
chargi ng polyolefin resin particles, an agueous dispersion edi um
cont ai nigig ehelitsaRarof Ngsisfest tlie beakpPhppoating én dilzphigh nentietatard side
bl owi ng agent in a pressure vessel, heating the resulting dispersion with
stirring tobaspdess theetbtal ¢resitref fuslodOof tine asey pealtst wpresentsde byothe
i npregnate the resin particles with the blow ng agent, and rel easing the
di sper si on equatian: Q@ siuih)] ad 10Spfadisewlthihhttiee bange peEnto tloe60 4 irel es,
‘wherein the inner tenperature of the pressure vessel during the release is
rai sed stepwldehoQh dentherunesstl wf afusion ade the PpelR applafifigpen tHenhigh es.
25 I n accordance with another enbodi ment of the present invention, there
is al so prowmpdratyrecside aridhQl ps tpaheagopfusionpdriiepegkaappehrngain the
pol yolefin resin conprising the steps of chargi ng pol yol efin -

10 low temperature side, and the standard deviation of said proportion is not

more than 1.2.
The present invention also provides a process for preparing
pre-expanded particles of a polyolefin resin.
In accordance W1th an embodiment of the present invention,
15 there is provided a process for preparing pre-expanded particles of a
polyolefin resin comprising the steps of charging polyolefin resin particles,
an aqueous dispersion medium containing a dispersing agent and
optionally a dispersing aid, and a blowing agent in a pressure vessel,
heating the resulting dispersion with stirring to a prescribed pressure and
20 a prescribed temperature to impregnate the resin particles with the
blowing agent, and releasing the dispersion into a low pressure
atmosphere to thereby expand the particles, wherein the inner
temperature of the pressure vessel during the release is raised stepwise or
continuously at a rate of 0.03 to 0.5°C per 10 minutes.
25 : In accordance with another embodiment of the present
invention, there is also provided a process for preparing pre-expanded

particles of a polyolefin resin comprising the steps of charging polyolefin



. 5% resin particles, an aqueous dispersion nmedi um containing a di spersing
agent and optionally a dispersing aid, and a bl ow ng agent havi ng an

seffect of lowering the nelting point of the polyolefin resinin a pressure
vessel, heating the resulting dispersiongwith stirring to a prescribed 5
pressure and a prescribed tenperature to inpregnate the resin particles
with the blow ng agent, and releasing the dispersion into a | ow pressure
at nosphere to thereby expand the particles, wherein the inner pressure of

the pressur eesiﬁsgafﬁaeé,i B8 A§8ebQS *BSPersionh AneHHuS @@M&eﬁﬁixg%%caﬁﬁél‘é ly
at arate of 0.005 to 0.05 a per 10 m nutes. 10 BRI EF DE | PTI"ON THE

DRAW NG Fi gagént aritl [Bpftidiidike a0lispersihd uidll Ahar 8 bloWingCagehtthaving an
calorinmetry of a polyol efin pre-expanded particle under the condition that

the tenper akffeet bf 16Weriagethd hltitgCpdbamt2dOtherpodydlefif Wsid Gk/ &iptessurd 5
wherein tangent lines are drawn fromthe m ni mum point A of endotherm

| ocated bet vesself iedtirg cthep eessltimpaligpéitoni @ith etireirgt uoeas pesatided t he

| ow tenperature side with respect to the DSC curve and the quantities of

heat of 3 hepréssiat andtd presariistd teshpeyature foSnpregeatenthecpesingbattivies
tangent |lines are defined as the heat of fusion Q of the |low tenperature
20 side peakvitindhtHsloving agentpahdiref@asihgtthe dispersienpigrtotaliew présspeak.
DETAI LED DESCRI PTI ON The pol yol efin pre-expanded particles of the present
i nvention himespheré s thergbhyadspanah thie pdriiyled) Whereint the irnoanpresgure of
calorinetry, 25 wherein the ratio of the heat of fusion of the high

t enper at ur etke gerepsake vessdlaluninglthherlease susised stepwiset owcortibsiously
represented by the equation: [Gh/(Q + Ch)] x 100 (this ratio being

her ei naf t er at&f sateaaf 0.008sto' @&k MPs5per 10 minutes.

10
BRIEF DESCRIPTION OF THE DRAWING

| Fig. 1 is a DSC curve obtained by differential scanning
calorimetry of a polyolefin pre-expanded pérticle under the condition that
the temperature is elevated from 40°C to 220°C at a rate of 10°C/minute,
15 wherein tangent lines are drawn from the minimum point A of endotherm
located between two fusion peaks toward the high temperature side and
the low temperature side with respect to the DSC curve and the quantities
of heat of the shaded portions enclosed by the DSC curve and each of the

tangent lines are defined as the heat of fusion Ql of the low temperature

20 side peak and the heat of fusion Qh of the high temperature side peak.

DETAILED DESCRIPTION
The polyolefin pre-expanded particles of the present invention
have two fusion peaks measured by differential scanning calorimetry,
25 wherein the ratio of the heat of fusion of the high temperature side peak to
the total heat of fusion of the two peaks represented by the equation:

[Qh/(Ql + Qh)] x 100 (this ratio being hereinafter referred to as "peak



ratio") falls within the range of 10 to 60 %in which Gh is the heat of
fusion of the high tenperature side peak and Q is the heat of fusion of
*the low tenperature side peak, and the standard devi ati on of the peak
ratio is not nore than 1.2. 5 In the prgsent invention, the differential
scanning calorinetry 1is carried out by using a usual differential scanning
calorineter (e.g., nodel DSC 6200 nade by Sei ko Instrunments Inc.) with
respect to a specinmen prepared by pressing a pre-expanded particle of

pol yol ef m r estiih”) B{llsSQathint the rahgetofand tal 60v¥onih twhichoQhais therkeat of
tenperature. The 10 polyol efin pre-expanded particles of the present

i nvention shasiohwd thedsighitepgsitatare sideSeaiianéd Qlisthedseartufifusicryef ting t he
tenperature from40C to 220C at a rate of 10C mnute. It is preferable

that the didw eemipeeaturet sidppealk, atidtiestmddrd deviafioniafithpaedek ratiods
| ess than 5C, especially from5 to 30C. The heat of fusion Q of the | ow
15 t enper at noé nsomethEaall . 2nd t he heat of fusion Ch of the high tenperature
si de peak are determ ned by drawi ng tangent |lines, as showmn in Fig. 1,
fromtheé m ni num poi in thegdresenbitresntiomctdiediffarential scanning icatoripedky
toward the high tenperature side and the |ow tenperature side wth respect
to the DSC muicasriedheutlpgniising s afsusd adifferential scadeding Ccglorimetes (erg| osed
by the DSC curve and each of the tangent lines are defined as the heat of
fusion Q ofnadel DSC 162002 madeecbyi Seikoeikstmanemts Ihedtwith frespect Gh af
the high tenperature side peak. The above-nentioned two peaks apggar when a
pol yol ef m spe¢imen pse by pressiag a prexxpamdedrpartiicle of pelyslesn resin
mel ti ng point 25 whi ch changes the crystal structure to cause crystal
growth. | n gerRQ% intha shecpand allewing 0 maol Bt teomy tempesatarar elhe
rel ease expansion_ nethod as a nmethod for preparing the pre-expanded
particl¥y apglyolefin pre-expanded particles of the present invention show two
fusion peaks on a DSC curve obtained when elevating the temperature
from 40°C to 220°C at a rate of 10°C/minute. It is preferable that the
difference in temperature between the two fusion peaks is not less than
5°C, especially from 5 to 30°C. The heat of fusion Ql of the low
15 temperature side peak and the heat of fusion Qh of the high temperature
side peak are determined by drawing tangent lines, as shown in Fig. 1,
from the minimum point A of endotherm located between two fusion
peaks toward the high temperature side and the low temperature side
with respect to the DSC curve. The quantities of heat of the shaded
20 portions enclosed by the DSC curve and each of the tangent lines are
defined as the heat of fusion QI of the low temperature side peak and the
 heat of fusion Qh of the high temperature side peak.
The above-mentioned two peaks appear when a. polyolefin
resin is subjected to heat treatment in the vicinity of its melting point
25 which changes the crystal structure to cause crystal growth. In general,
the two peaks are obtained by using the pressure release expansion

method as a method for preparing the pre-expanded particles and



sel ect'ing appropriate expansion conditions in the pressure rel ease
expansi on net hod. The peak ratio [QGh/(Q + Gh)]x100 is from 10 to 60 %
¢ preferably 18 to 40 % In general, if the peak ratio beconmes |lower, in- 5
mol d foam ng of the pre-expanded particlegs can be carried out at a | ower
nol di ng tenperature to achi eve good nelt adhesion of particles and good
appearance, but there are tendencies that the dinensional shrinkage of
products beconmes | arger and the nol ding cycle becones |onger. To the

contrary, i éeléeﬁngeabprapﬁatéaeéjgg&ssibﬁr andifioRsIheT the! pressimMmeledsy e 10
I s needed to secure good nelt adhesion and appearance, but the nolding
cycl e tendsetpamsienmetiigdt er. I n-nold foam ng products having desired
shape and appearance can be obtained at a desired nol ding cycle by

adj usting the peak rgheopeikt hetior QiEXGINde Q100! BS frrhhil0 aos6Ot 8k) e
range dependi ng on the kind and properties of a polyolefin resin used, the
15 expansi oprefatalslyol 8 foe4@¥panitie earmral, cif ¢he peuk ratidi bgcorntsddwandin-he
like. If the peak ratio is less than 10 % the dinmensional shrinkage
becones & oondcid Jeanmingtdfethier prduexpanded gasticles cai dencafriezt oubatrlaivery of

pre-expanded particles. If the peak ratio is nore than 60 % nelt adhesion
and appear ammddargetdmpdratmrbeoschiees godd rhbk adhpsignaifiparticle?nd dgoaalvi ng
agent is carried out at a higher tenperature when pre-expanded particles
ar e pr epar egdppgatdmrey rmsstherer atee tamdengiemthah thetdiotensibnal shainkage of
beconmes | ower. Also, as the heat treatment time, e.g. inpregnation tinme of
bl owi ng ageprqdubetsobpesorhes dergertdrad pbhakmplding ¢yolel becomdselomgerhi Jloethsi nce
the crystal growth proceeds. 25 The standard deviation of the peak ratio of
t he pol yol ecomtrpris, ifdheapenki ratiothagosses tanger, adrighehanolding tpryieratipre) not
more than 1.0. The standard deviation is obtained by randomy extracting
50 par tlik| eis needed to secure good melt adhesion and appearance, but the molding
cycle tends to become shorter. In-mold foaming products having desired
shape and appearance can be obtained at a desired molding cycle by
adjusting the peak ratio of the pre-expanded particles within a suitable
range depending on the kind and properties of a polyolefin resin used, the
15 expansion ratio of pre-expanded particles, the molding method and the
like. If the peak ratio is less than 10 %, the dimensional shrinkage
becomes too large, so the products are easy to deform after the molding of
pre-expanded particles. If the peak ratio is more than 60 %, melt
adhesion and appearance are hard to be secured. As the impregnation of
20 ablowing agent is carried out at a higher temperature when pre-expanded
particles are prepared by the pressure release expansion method, the
peak ratio becomes lower. Also, as the heat treatment time, e.g.
impregnation time of blowing agent, becomes longer, the peak ratio tends
to become higher since the crystal growth proceeds.
25 The standard deviation of the peak ratio of the polyolefin pre-

expanded particles is not more than 1.2, preferably not more than 1.0.

The standard deviation is obtained by randomly extracting 50 particles or



nore of polyolefin pre-expanded particles fromthe sane production batch

of a product, neasuring and cal cul ating the peak ratio of individual

- particles by DSC, and calculating fromthe peak ratio values according to
the followi ng equation: 5 n (X _Xi)2 _St%nd@rd deviation =1 n-1 wherein x
Is the average value. Since there is a certain degree of variation in peak
ratio of the 10 pre-expanded particles, there is an individual difference
in the obtained nolding products of the pre-expanded particles. Therefore,

ol di ng  pr asbiet 6F SEIPoRIAR HEk- @xbaﬁaéd Partivlesfrof theyRrAsdRIBtidrL batch
having a high peak ratio and nol di ng products containing a | arge anount of

pre: expandefl Pairodeices riexsidng hAW peRialaBhgotHepdak RaEisedf .individnal here
is 15 a possibility that in a si ngl e nol di ng product, pre-expanded
particles pariiolestbyn DECpead caddulatiang fiben e dkd'atﬁf valtlessadvardingg @o | ow
peak ratio may partly localize. On the other It is desirable for
obtai ning &he dollgwingdgaatiohavi ng good nel t adheS| on and appearance to
carry out the nolding of pre-expanded a nol ding tenperature
suitabl €620 for the respective peak rati —Hovvev , It is not practical to
change the nolding tenperature for eac (xhex oducts In a continuation
nol ding operation, &tdndandldeyidtin o is carried out at a nol ding
tenperature set rather high in conform 'V‘WITh"'pT?expanded having a high
peak ratio. This results in over-heati foft Tdl di ng products 25 contai ning
a |l arge amount of pre-expanded particles having a | ow peak ratio or for a
portion conmpdeeimiislthecdiverage orgbaeded particles having a |ow peak ratio,
and such nol ding products have a | arge di nensional 9

Since there is a certain degree of variation in peak ratlo of the

10 pre-expanded particles, there is an individual difference in the obtamed
molding products of the pre-expanded particles. Therefore, molding
products containing a large amount of pre-expanded particles having a
high peak ratio and molding products containing a large amount of pre-
expandéd particles having a low peak ratio may be present. Also, there is

15 a possibility that in a single molding product, pre-expanded particles
having a high peak ratio or pre-expanded particles having a low peak ratio
may partly localize. On the other hand, it is desirable for obtaining
molding products having good melt adhesion and appearance to carry out
the molding of pre-expanded particles at a molding temperature suitable

20 for the respective peak ratios. However, it is not practical to change the
molding temperature for each of the products in a continuation molding
operation, and usually the molding is carried out at a molding
temperature set rather high in conformity with pre-expanded héving a
high peak ratio. This results in over-heating for molding products

25 containing a large amount of pre-expanded particles having a low peak
ratio or for a portion composed mainly of pre-expanded particles having a

low peak ratio, and such molding products have a large dimensional



shrinkage or have partly a | arge dinensional shrinkage. Al so, the nolding
cycle is not constant, since nolding products of pre-expanded particles
*having a | ow peak ratio or portions of pre-expanded particles having a | ow
peak ratio require a | onger nolding cycI%) 5 For such reasons, it is

I nportant that the standard deviation of “tHe peak ratio is not nore than
1.2. If the standard deviation of the peak ratiois nore than 1.2, it is
difficult to stably produce cellular nolded articles since the dinensional

hri nk | di ) ) .
s ki st gl M Skt eiorli Shaniistn Sochlapas o
portions of rﬁoIHihge(?adﬁé 5 Q& CJH&(??@ ¥h& Holtlifs ﬁﬂg{%ﬂ%@g &?ﬁé-ekﬁéﬂg%ﬁt ge

I
present invention be prepared by a pressure ease expansi o )

wherein an (REYRMS ha IS I TorY Je&l \ d
with a blow ng age%l? k’?’?f“éfd@’g edal?(r}%ﬁnga&:)ngggﬁg%ﬂgggéelegpﬁt?l ghgﬁﬁgﬁﬁnggghere

of 15 | over HywAsY Pw Bélaktﬂéﬁid %tﬁiir@hq%ﬁlgéﬁn%ldmgcye&?el to thereby

expand the resin particles. In case of industrialTy perform ng nmass

productign of the pgotahedh fedotrsS IPRTARSLMANE HEACEhd StarfdedPREALIBIIT t he
pressure rel ease expansion nethod, the tine of releasing an aqueous

di spersi on ahelssikiraio Rhbt ehdr® thap eanatFdhvistindakd deviddicioenthé peaka
pressure vessel is generally fromabout 10 to about 300 m nutes al t hough

it varies cepieni Mgor@thdae Capdeiibydidficudt eosBtblyestriudes ediluldientdldedi ng
ratio of resin particles into the pressure vessel, and the area of an
orifice fromartishes Biridie the digtensionab shelrdagedandt thé rhelihgPérse Uaegely
at nrosphere. Even 25 during the releasing of the dispersion, the polyolefin

resin parti cdhamgepdas tota langé differenselinyiddi reftiv bErespedtiiveimolded getitles
resulting in crystal growh. Therefore, the peak ratio of the obtained
pr e- exph@deadmiar peak eatid®f portions of a molded article.

The polyolefin pre-expanded particles of the present invention
can be prepared by a pressure release expansion method wherein an
aqueous dispersion of polyolefin resin particles impregnated with a
blowing agent is released from a pressure vessel into an atmosphere of

15 lower pressure than the inner pressure of the vessel to thereby expand the
resin particles.

In case of industrially performing mass production of the

" polyolefin pre-expanded particles in accordance with the pressure release
expansion method, the time of releasing an aqueous dispersion of resin

20 particles impregnated with a blowing agent from a pressure vessel is
generally from about 10 to about 300 minutes although it varies
depending on the capacii:y of pressure vessel used, the charging ratio of
resin particles into the pressure vessel, and the area of an orifice from
which the dispersion is released into a lower pressure atmosphere. Even

25 during the releasing of the dispersion, the polyolefin resin particles
present in the vessel still suffers a heat treatment, resulting in crystal

growth. Therefore, the peak ratio of the obtained pre-expanded particles



rises as the rel easing proceeds, and the peak ratio of the pre-expanded
particles produced in the |later stage of release is higher than those
*produced in the initial stage of release. In general, the product is a
m xture of polyolefin pre-expanded part ilcbes__ produced during fromthe 5
start to the end of the release. Thus, industrially mass-produced
pol yol efin pre-expanded particles have a large variation in peak ratio due
to rise of peak ratio occurring with the | apse of releasing tinme. In case
of ~ pol yol efjs8s Risetif PARASThP Prbt&d RS HPUHE §okdl rati6 BIVaH E?é‘%'xp&&ﬁﬁﬂ” e
rel ease expansi on nethod, the standard devi ation of the peak ratio is on

10 the | evepafticle§optodudedin e labt stagd 9fZid18asd s VRidhRr eahNtHGsK
rati o of polyolefin pre- expanded particles, it nay be effective to shorten
the rel eaSiﬁﬁDdﬂléﬁﬂ inhilge ifRtialbStaRlet 8f Heleday. deAr ganend, the produdt & 4 esin
particles charged in a pressure vessel or by decreasing the capacity of

t he pressurmixtiseedbf polyoléfinspraretpandetapanicls gmdaicedodaringg ftom the
productivity and increase in cost. It has now been found that the rise in
peak ratS o sfarprto thepamdedipthéi tdleasey t ITHU ngastridily heasshHersluged | ne
can be suppressed by stepw se or continuously raising the inner

t enper at ur epolyolefin prsrexpandesisparticles haveed bagienardation inqealdiraperduon of
resin particles 20 inpregnated with a bl owi ng agent fromthe pressure
vessel i nt otarisewd peakr metin pecatning with ¢heilapse of releasaigitime.t e caseof
tenperature constant. The rate of raising the inner tenperature is ‘usually
from 0. 03 polyoléfy preeéxparded paificles prédacedrbyl @ nronuertional tprosshre t
vari es depending the kind of resin, the expansion conditions and the |iKke.
I f the 25 rutleast expapsicat methods ¢he standard ldevidtias of theepask catiods on
suppressing the rise in peak ratio acconpani ed by the | apse of rel easing
time i dGcathelevel obakomsd.Sidr mierer ate of tenperature rise is nore than

0.5C, the peak - 11 . . . . ]
For minimizing the variation in peak ratio of polyolefin pre-

expanded particles, it may be effective to shorten the releasing time. This

may be attained by decreasing the amount of resin particles charged in a
pressure vessel or by decreasing the capacity of the pressure vessel, but

15 such a way has problems of lowering in productivity and increase in cost.
It has now been found that the rise in peak ratio of pre-

expanded pafticles with the lapse of the releasing time can be suppressed

by stepwise or continuously raising the inner temperature of a pressure
vessel during releasing an aqueous dispersion of resin particles

20 impregnated with a blowing agent from the pressure vessel into a lower
pressure atmosphere without maintaining the inner temperature
constant. The rate of raising the inner temperature is usually from 0.03

to 0.5°C, preferably 0.05 to 0.3°C, per 10 minutes, although it varies
depending the kind of resin, the expansion conditions and the like. If the

25 rate of temperature rise is less than 0.03°C, the effect of suppressing the
rise in peak ratio accompanied by the lapse of releasing time is scarcely

obtained. If the rate of temperature rise is more than 0.5°C, the peak



ratio lowers with the | apse of releasing tinme, so the variation in peak
ratio of the obtained pre-expanded particles becones |larger. It has also

* been found that in case of using a bl ow ng agent which has an effect of

| owering the nelting point of a ponqJeﬁiT resin, the 5 rise in peak ratio
of pre-expanded particles wwth the | apsé 0f the releasing tine can al so be
suppressed by stepwi se or continuously raising the inner pressure of a
pressure vessel during rel easing an aqueous di spersion of resin particles

| npr egnat edraié fowees WAWMNG 18RS Fdl@a8ihBRITAELS6 he varRRfdi it Pekardtiyer
pressure atnosphere wi thout maintaining the inner 10 pressure Constant. The

rate of rai sf fife bbeainedeprarepanided ipartieled) bocdrheslafke?05 to 0. 05 Mpa,
preferably from0.01 to 0.03 a, per 10 mnutes, although it varies

dependi ng the kind oft hasidlso therkicithdfthlt 9 diseagP tising tahBlowimgnagent
conditions and the like. If the rate of pressure rise is less than 0.005

MPa, the ef{dthHassamffessof lowsfingithe meltheglpoirt bDa vlpslefinpasiedtiy t he
| apse of releasing tinme is scarcely obtained. If the rate of pressure rise
i s nore.5 t heiseAnGiediPratit b€ preaxpatided pamivies withh thodapsaps cheteleaksamgi ng
time, so the variation in peak ratio of the obtained pre- expanded

particl es btinmreanladsgbe stysprelsssd bly stbpwise gptentinuoesiy raisiag the ihrer
present invention 20 are, for instance, a polypropylene resin such as

et hyl ene- pr ppgdsare of arlessunp veysalrdutingutedessingomy laepeousndimpersioal pfer ,
ethylene- | - butene-propyl ene randomterpol yner, ethyl ene-propyl ene bl ock

copol ymer oresinopattcleshimppegnated; withp dthg eblowingeagenst framctheapressure
density pol yet hyl ene, nmedi um density pol yet hyl ene, high density 25
pol yet hyl eneessalringo d dower pressurohymosphere witheuhyhaindaining the éanaee
copol ynmer; pol ybutene; pol ypentene; and the |ike. These may be used al one
or in akdh xpuessuteccansstants Thegete of raisingthe pyerpressawddmusually from
0.005 to 0.05 MPa, preferaBly from 0.01 to 0.03 MPa, per 10 minutes,
although it varies depending the kind of resin, the kind of blowing agent,
the expansion conditions and the like. If the rate of pressure rise is less
than 0.005 MPa, the effect of suppressing the rise in peak ratio
15 accompanied by the lapse of releasing time is scarcely obtained. If the
rate of pressure rise is more than 0.05 MPa, the peak ratio lowers with the
lapse of releasing time, so the variation in peak ratio of the obtained .pre-
expanded particles becomes large.
Examples of the polyolefin resin used in the present invention
20 are, for instance, a polypropylene resin such as ethylene-propylene
random copolymer, 1l-butene-propylene random copolymer, ethylene-1-
butene-propylene random tefpolymer, ' ethylene-propylene block
copolymer or propylene homopolymer; a polyethylene resin such as low
density polyethylene, medium density polyethylene, high density
25 polyethylene, linear low density polyethylene or ethylene-vinyl acetate
copolymer; polybutene; polypentene; and the like. -These may be used

alone or in admixture thereof. Of these, ethylene-propylene random



copol yirer, 1-butene-propyl ene random copol yner, ethylene- 1 -butene-
propyl ene random terpol yner and linear |ow density polyethyl ene are
“preferred fromthe viewpoint that polyol efin pre-expanded particles
suitable for use in in-nmold foam ng are 3sily obtained. 5 The pol yolefin
resins are usually processed into a désﬂrgd “particul ate shape so as to
.make it easier to use in pre-expansion, for exanple, by nelting in
extruder, kneader, Banbury m xer or mxing rolls, and formng into

particles hesggg,raelqeimﬁggrﬁésgggwgpe hr%a 5l eaﬁog/rﬁéﬂl etiy18RBST Phitene-

sphere, cube rectangu epl ped, and having 10 "an aver age

particle si ggogfletelrdRdddh s’ aREYliflear 16wO defikity! ?Sfy%f@l:l | er e

optionally used, e.g., usual additives such as antioxi dan

process agepirefettéd SRbNAIENY - vibWpdbeo il paRidlefiAl ipreaSPainded | pdtides

agent and pignent, are added usually to a iol'ten reSin in the course of

the prepar agu@ablé fbiase 8h iif-Rld f6aing boe R4ailpldtstafied.he bl owi ng agent to
be inpregnated into polyolefin resin particles are, for instance, a

vol ati | e5bl owi ng ageMhe polyolefiinrédinBhaid sty griobessedidhtasa pdesieas,
but ane, pentane, hexane or heptane and an alicyclic hydrocarbon such as

cycl obut ane pagtielilitenslaape v asy®) ahaix@ it easierl twnpRNIe Hesexspeatision, dafbon
di oxi de, nitrogen gas or 20 air; water; and other known volatile organic

bl owi ng ageekamplbeby meélting g ertrenics, kngatier,uBafibary meixer ormixinigxtollss
thereof. In general, volatile organic blow ng agents such as aliphatic
hydr ocar bon asad forhiny dhite particlesrivavingasedeasiredif shapef sucherisngohiman,
nmelting point of the resin. 25 The anmobunt of the blow ng agent is not
li mited, angroktespherbid, sphaet etibeconretitagpgutan pdeallelepipbelyraaed dfaving
expansi on of the polyolefin pre- expanded particles to be produced. For
exanpl el0i n ataswendga| paottidle csiaadofl®.1 to 10 mm, preferably 0.5 to S mm.
Ingredients optionally used, e.g., usual additives such as antioxidant,
filler, process agent, nuclear agent, UV absorber, antistatic agent, slipping
agent and pigment, are added usually to a molten resin in the course of
the preparation of the resin particles.

15 Examples of the blowing agent to be impregnated into
polyolefin resin particles are, for instance, a volatile blowing agent, e.g.,
an aliphatic hydrocarbon such as propane, butane, pentane, hexane or
heptane and an alicyclic hydrocarbon such as cyclobutane, cyclopentane
or cyclohexane; an inorganic gas such as carbon dioxide, nitrogen gas or

20 air; water; and other known volatile organic blowing agents. These
blowing agents may be used alone or in admixture thereof. In general,
volatile organic blowing agents such as aliphatic hydrocarbon and
alicyclic hydrocarbon have an effect of lowering the melting point of the
resin.

25 The amount of the blowing agent is not limited, and is suitably

selected according to a desired degree of expansion of the polyolefin pre-

expanded particles to be produced. For example, in case of aliphatic and



alicyclic hydrocarbons, the anpbunt thereof is usually selected fromthe
range of 5 to 50 parts by weight per 100 parts by wei ght of the polyolefin
*resin particles. In the preparation of an aqueous di spersion of polyolefin
resin 5 particles, a dispersing agent gng a_dispersing aid are used. The
di spersing agent includes, for instance, slightly water-sol uble inorganic
conpounds such as calciumtertiary phosphate, basic nagnesium carbonate
and cal cium carbonate. A small anobunt of a surfactant such as sodi um

dodecyl benzaliegelid Giyalrocassutis)nihie AAIT fisétcbfigtesiaillyl deketéd from the
a-ol efinsul fonate is used as a di spersing aid. These conpounds may be used

al one or i nradge xf & & 509506 -byTWei%meEﬁ EOOfpdrwb?iWB?fﬁiﬁmmomt he
or an

di spersing aid vary depending on the kinds there t he ki nd and anount
of the pol yediafparticles.n particles used. Usually the amount of dispersing
agent is 15 fromO0.1 to 5 parts by weight per 100 parts by weight of the
resin, and the anouih thé pleppeation@fairaguetuadisperision afipolyoléfinme8in o
0.5 part by weight, preferably 0.001 to 0.5 part by weight per 100 parts
by wei ghh obpartibles; eai dispErsirgyegers dincber sdispersidgumidisark tasqd.epdfleet he
aqueous 20 dispersion of resin particles is typically water. The anount of
water is pdédmeraing agenmihohides, 300 inatdrsce)slighthhtwater-sbb@bleainarganic
wei ght of the polyolefin resin particles in order to achieve good
di sper si on cbnmpmundsi suchaasi chdsiummt tertiamryr phosphiaty, dedsiol shagnesitiom
particles are introduced into a 25 pressure vessel together with an
aqueous di spgerbonatenanid palciten garbonatng Agomll amduntrofia swydactant such
di spersion of the particles, and inpregnated with the bl ow ng agent at an
el evat ed t efgersodinm dpdegylbenzenesulfonate, sodium n-paraffinsulfonate or

10 sodium co-olefinsulfonate is used as a dispersing aid. These compoﬁnds :

may be used alone or in admixture thereof.

The amounts of the dispersion agent and the dispersing aid
vary depending on the kinds thereof and the kind and amount of the
polyolefin resin particles used. Usually the amount of dispersing agent is

15 from 0.1 to 5 parts by weight per 100 parts by weight of the resin, and the
amount of dispersing aid such as surfactant is from 0 to 0.5 part by
weight, preferably 0.001 to 0.5 part by weight per 100 parts by weight of
the resin.

The aqueous dispersion medium used to prepare the aqueous

20 dispersion of resin particles is typically water. The amount of water is
preferably from 100 to 500 parts by weight per 100 parts by weight of the
polyolefin resin particles in order to achieve good dispersion of the resin
particles into water.

~ Usually polyolefin resin particles are introduced into a

25 pressure vessel together with an aqueous dispersion medium and a

blowing agent to form an aqueous dispersion of the particles, and

impregnated with the blowing agent at an elevated temperature. The



aqueous dispersion of the resin particles is heated up to a prescribed
expansi on tenperature and a prescribed pressure in the pressure vessel.
- The expansion tenperature varies depending on the kind of polyolefin resin
particles used, the kind of blow ng ageg} and the desired value of the 5
peak ratio selected fromthe range of 1 #o 60 % so it cannot be
determ ned unconditionally. Usually the expansion tenperature to which the
aqueous dispersion is heated in the pressure vessel is selected wthin the

range of abgghegﬁg‘r&ﬂbe}goﬁbgfltth_éﬂlr@‘gﬁ?)@fﬂ&%seiié‘fh-'éatisé ﬁgeto Bebl G Nt

(C of the polyolefiniresin particles. 'I'n case of using 10 bT owm ng agent

having an egkgghsin {é?ﬂﬁéi"dl,ﬁhré hghdral ﬁﬂe@GriBQH re35uPO it hefdresshifS vBssaIch as
al i phati c hydrocarbon or alicyclic hydrocarbon, good polyolefm

pre- ex pandeq‘heaéglbéﬂlﬁanafangbf@duiedvﬁtie@ra_e%éaamﬁ%cwh the"RRI® of Sol§B]cFirk Over
side based on this effect. The nelting point Tm (C) of the polyoléfin resin

particles i gesihdpdities fdcdythSkiit enbRvAhggentidriefiandesired valie bfthe

cal orimeter such as nodel DSC6200 rmade by Sel ko Instrunments Inc. as

f ol | ows:5 UspeakSrafio OseleBtedf oy theftahgeeBfn10ats | 60 €%, a0 ditSeamnhot bae
tenperature is elevated from40C to 22 at arate of 10C mnute to nelt
the resin pdetérehitfed wicbraditionatigol | Usudlly 1thel expansiot? Oenipertlitirat ta
rate of 10C/ minute to 20 crystallize the resin, the tenperature is el evated
agai n from #MichthdZueduis dispeirsionf islRé€atednit the bressureevddsel isiselected
obt ai ned when the second tenperature elevation is conducted, the

t enper at ur ewithinettporangs of abblae (TH+20p to pdmiuta(iineal 5)i¢ whetdian DECic tiwe i s
nmeasured as the nelting point Tm 25 The expansi on pressure, nanely the

i nner pressumeltinfg pbint (fiG)seiltiee idgelefial redincpatticlesel basmsef of hsingusous
di spersion is started, is selected primarily according to the desired
expansith r blowingagdent having an effect of lowering the melting point of polyolefin

resin such as aliphatic hydrocarbon or alicyclic hydrocarbon, good
polyolefin pre-expanded particles are obtained at an expansion
temperature on a lower side based on this effect.
The melting point Tm (°C) of the polyolefin resin particles is
15 measured by using an ordinary differential scanning calorimeter such as
model DSC6200 made by Seiko Instruments Inc. as follows: Using Sto 6
mg of polyolefin resin particles as a sample, the temperature is elevated
from 40°C to 220°C at a rate of 10°C/minute to melt the resin particles,
and after cooling the resin from 220°C to 40°C at a rate of 10°C/minute to
20  crystallize the resin, the temperature is elevated again from 40°C to 220°C
at arate of 10°C/minute. From the DSC curve obtained when the second
temperature elevation is conducted, the temperature corresponding to the
fusion peak appearing on the DSC curve is measured as the melting point
Tm.
25 : The expansion pressure, namely the inner pressure of the
pressure vessel at which the release of the aqueous dispersion is started,

is selected primarily according to the desired expansion ratio, and is



generally from1.0 to 5.0 MPa. There is no particular limtation in the
pressure vessel used, and any of vessels can be used so long as it can
W thstand the pressures and tenperatures as noted above. A representative
vessel is an 5 autoclave type pressure yvessel. The aqueous di spersion of
the resin particles is heated up to a” p%ggcfibed tenperature and a
prescribed pressure in the pressure vessel to inpregnated the resin
particles with a blowing agent, and is then released fromthe pressurized

vessel int olggﬂeﬁwmrﬁp% s @'RIpPr essure 10 than the inner pressure of
ice

t he vessel rough’ an orl having one or nore openings with a dianeter

of 1to 10 mm ther ey, fxnangs %ﬁ@ﬁla@ﬁﬁ%ﬁ&ﬁ Nn' @ PrésyuireCtésedised,

vapori zation of the inpregnate owm ng agent to give the polyolefin

pre-ex pa”de‘ﬁrﬂﬁéhgcdﬁl%ssél% &dne H%rﬁ§&i"soi18ﬁ§][&§ Rban WidisthAt ok peedsies

aqueous di spersionh, the inner tenperature of the 15 pressure vessel is

rai sed contigpugdnipefatiest a§enotédl/ Abotdle | ANgEpraRensative vésddleiPraasure
vessel is raised continuously or in stages if the blow ng agent used has a

mel ting goi RhutoRRe 1ypeshicRsire Wegsaby the pre- expanded particles of the
present 1nvention aré obtai ned. The pol yol efin pre-expanded particles of

the present inventiomhefqlisdasdispétsiciebfithy resinapatticlés is heabedup3tda
kg/ nB, preferably about 1% to about 180 kg/ nB, and an expansion ratio of

about 3 to ghegtribed tehigéretabé vndba Prebedibedprebstfk in the gresslirs wbgselt i ng
t he pol yol efin pre-expanded particles of the present invention to in-nold

f oami ng, theopirapes@eaedd theridsin gsamivles bitheadblowihgyageet] andt is thennol d
foami ng or may be pre-treated in a known nmanner, for exanple, by
i ntroduci ng refedsedr freni thepsessinizeabvessel into an ttowsphgas of ldwet pressure
pre- expanded particles under pressure to inpart an 1 6
10 than the inner pressure of the vessel through an orifice having one or
more openings with a diameter of 1 to 10 mm, thereby expanding the
polyolefin resin particles by vaporization of the impregnated blowing agent
to give the polyolefin pre-expanded particles. In the present invention,
when releasing the aqueous dispersion, the inner temperature of the
15 pressure vessel is raised continuously or in stages and/or the inner
pressure of the pressure vessel is raised continuously or in stages if the
blowing agent used has a melting point-lowering effect, whereby the pre-
expanded particles of the present invention are obtained.
| The polyolefin pre-expanded particles of the present invention
20 have a bulk density of about 10 to about 300 kg/m?®, preferably about 15
to about 180 kg/m® and an expansion ratio of about 3 to about 90,
preferably about 5 to about 60.
In case of subjecting the polyolefin pre-expanded particles of
the present invention to in-mold foaming, the pre-expanded particles may
25 be directly used in the in-mold foaming or may be pre-treated in a known

manner, for example, by introducing an inorganic gas such as air or

nitrogen gas into the pre-expanded particles under pressure to impart an



expanding ability to the pre-expanded particles prior to filling themin a
nold, or by filling the pre-expanded particles in a nold in the state of
-bei ng conpressed. Production of foanmed articles fromthe pol yol efin
pre-expanded 5 particles of the present kpvention is carried out, for
I nstance, in accordance with a conventi% al lin-mold foani ng net hod, by
filling the pre-expanded particles in a nold capable of closing but
i ncapabl e of hernetically sealing, heating the particles with a heating
medi um for expuadihg abiBgf tddh¥ frd-Shsam SHFi t {
about 0.5 NP?;@lsO fog abo%i % toﬁabout 30 ﬁggﬁggﬁt%ﬁgﬂgg f?ﬁgﬁ% tt}%grg?ﬁefg, :
cool i ng the mold] orvbyhfilieethé prec@tpdritfed puticieddinal desidasd | tdye
extent that thég égFged afficlg)takg% out %?'the nol d candggigﬁgsgﬁgaéﬂfron1
deform ng, beibgepeimpregstde nold to obtain the cellular nolded articles. In
an enbodi rent of the present invention, for exanple, 15 ethylene-propylene

random copol ymer, 1- [Rrbailetiohogbfoanfed ans€les ff&ﬁqhﬁrﬁﬁlYoléﬁ%@expénded
- but ene- propyl ene terpolyner or |linear |ow density “polyethylene is

processed byparticted refdehei presemt lidivehtiopsiis Rartied! out, Mo AsBhaerage
diameter of 0.5 to 5 mm The resin particles are charged into an autocl ave

t oget her wi tdecopdandd@viphard cohyentiopal infmolt fAntifg mephod] Syefillirig the50
parts by weight of a blow ng agent such as propane, butane, pentane,.
car bon di oxipie-experided (altictes inagntmoby oupebile of closiflgsbhat Shegpabintofsuch
as calciumtertiary phosphate, 0 to 0.5 part by weight of a dispersing aid
and 100 to Seonpaticallypgeabnghtheatingathe . paticles asitht a fgeating anedtumgf forhe
resin particles is heated to a tenperature of 25 (Tm- 20) to (Tm+ 15)C
wher ei n Tm iexanipleprbleating withreteam oha presyutrecdf abonei0s tmaboult €55 MP4,
and is pressurized to a Eressure of 1 to 5 MPa by optionally introducing
t he bl o¥f ng feryehous3 thaebbik S0 scconds; tor Rmeutten tégether, cooling the mold
with water to cool the resulting molded article to the extent that the
molded article taken out of the mold can be prevented from deforming,
and opening the mold to obtain the cellular molded articles.
In an embodiment of the present invention, for example,
15 ethylene-propylene random copolymer, 1-butene-propylene random
copolymer, ethylene-1-butene-propylene terpolymer or linear low density
polyethylene is processed by an extruder into columnar resin particles
having an average diameter of 0.5 to 5 mm. The resin particles are
charged into an autoclave together with, per 100 parts by weight of the
20 resin particles, 5 to 50 parts by weight of a blowing agent such as propane,
butane, pentane, carbon dioxide or air, 0.1 to 5 parts by weight of a
dispersing agent such as calcium tertiary phosphate, 0 to 0.5 part by
weight of a dispersing aid and 100 to 500 parts by weight of water. The
resulting dispersion of the resin particles is heated to a temperature of
25 (Tm - 20) to (Tm + 15)°C wherein Tm is the melting point of the polyolefin

resin particles used, and is pressurized to a pressure of 1 to 5 MPa by

optionally introducing the blowing agent or the like into the pressure



vessel, whereby the resin particles are inpregnated with the blowi ng agent
at such constant tenperature and pressure. The aqueous dispersion of the
“‘resin particles inpregnated with the blowi ng agent is then rel eased from
the autoclave to a | ower pressure at rmsp?ﬁre through 5 one or nore openings
having a.dianeter of 1 to 10 mm During tHe "release of the dispersion, the
I nner tenperature of the autoclave is not maintained constant, but is

el evated stepwi se or continuously at a specified rate. In case that the

bl owi ng ageRksysiedvhasetd tAE! Rfin Shrtidlo¥eiren 8gARtdd REtROIHE Hbwing

resin, the inner pressure elevation 10 proceduré iS al so adaptable as well

as the tenpeigghtr at e58¥A! cBAstANOGRMP&aturd NEndNPRESPARS SUPELOf adlious
autocl ave is el evated stepwi se or continuously at a specified rate during

the rel ease dié;%éﬂ%eoﬂioi‘p@qu r&din partldles imipregpake@eithntHy BiGwREagent is
particles of the present invention are obtained. 15 In conventional

processes f @hefrrefisedorohetiex AaBSEHve el loWe?Sprekbiré BbosphePe thioligh and
i nner pressure of the pressure vessel such as autoclave are generally

mai nt ai n&d oRies bahode rdpehihgh desving 4Ndianaétee s 10t 1Y shel) dbuklsd fhe
particles fromthe pressure vessel. In contrast, in the process of the

present inveeldase ¢fhthe dispersivmpetias ingerd te@diperbturenof therasdelevedis hive
pressure vessel is raised stepwi se or continuously during the rel ease,

wher eby t he mairsthitted)remistatt] dmit s pelekatedatstopwids Or eoatirtuclsliynatt 4e
rel ease can be prevented to give pre- expanded particles, the change in
peak rati o epeecifieth rase.velty casel thatr the blosviagaageho used &g ah effect of
rel ease. 25 The variation in peak ratio of conventional polyolefin pre-
expanded padoweting ithe | melgngupdinthef theeredinndived imieer giressuné dléeatienk
ratio is not less than 1.5, so the optinmm nolding cycle of in-nold 1 8

10 procedure is also adaptable as well as the temperature elevation
procedure. The inner pressure of the autoclave is elevated stepwise or
continuously at a specified rate during the release of the dispersion. .
Thus, the polyolefin pre-expanded particles of the present invention are
obtained.

15 In conventional processes for preparing pre-expanded
particles, the inner temperature and inner pressure of the pressure vessel
such as autoclave are generally maintained constant during releasing the
aqueous dispersion of resin particles from the pressure vessel. In
contrast, in the process of the present invention the inner temperature or

20 the inner pressure of the pressure vessel is raised stepwise or
continuously during the release, whereby the crystal growth (rise in peak
ratio) which occurs during the release can be prevented to give pre-
expanded particles, the change in peak ratio of which is very small from
the start to the end of the release.

25 The variation in peak ratio of conventional polyolefin pre-

expanded particles is large such that the standard deviation of the peak

ratio is not less than 1.5, so the optimum molding cycle of in-mold



¥

froam ng | argely changes and the di nensional stability of the obtained in-
nol d foamed articles is not good. In contrast, the polyolefin pre- expanded

: particles of the present invention can be subjected to the in- nold foan ng

W t hout these problens. It is possible p§8pe[forn15 cont i nuous production
with a slight change in opti num nol ding tycle to provide in-nold foaned
articles the dinensional change of which is very slight even if produced
under constant production conditions. The present invention is nore

speci fical Yoé&%?ﬁ% ﬂ&%@:lﬁ@ﬁan%é@'aﬁd’% B¥meRaihdl{stakaiy sithenebeansdanat i ve
exanples, in which al 10 parts are by weight unless otherw se noted. It

is to be unggoRl FednidmiarticfePriSSABE FAENT IIAN cohtidbt) aherypdlydletied pre- or
by these exanples. In the exanples, evaluation was made according to the

fol I owi ng nmekpadded(BartRees dfaﬂieQPPes&ftt infefition pah)isd eUbjedted- gx phadad
particles was subjected to 15 differential scanning calorimetry by using a

di fferenti amskihfoaftingC avithote! tiesEatobléiis6200: nisdepdusilslel ko Ipesformment s
Inc. and elevating the tenperature from40C to 220C at a rate of

100/ mi nuge. coAsirfind prodatdon withanghight chaage araptithawn rholdingheyole no mum
point A of endothermlocated between two fusion peaks appearing on the
thus 20 obt proeiieFGneeldvioansed adgtities thegtithenpionel wharsiedef widchlis veryw
tenperature side with respect to the DSC curve. The quantities of heat

cor r espondi rstight ewvba if padddced niriderscarsthas gaoyuctiba dfitionse and each of
the tangent lines are defined as the heat of fusion Q of the |ow
tenperat ure side pealhencresenhemvenftidnisisomaie cfpecificdllyyhdesarjjeechtamd 25
side peak. Fromthe heats of fusion Q and Gh, the ratio of the heat of

fusi on Ch ofexphainiedgly necams af exanglds apshkompeahtivataxamples, dbtvehichdall
according to the follow ng equation: 1 9 -

10 parts are by weight unless otherwise noted. It is to be understood that
the present invention is in no way limited to or by these examples. In the
examples, evaluation was made according to the following methods.

(1) Peak ratio
A particle of polyolefin pre-expanded particles was subjected to

15 differential scanning calorimetry by using a differential scanning
calorimeter model DSC 6200 made by Seiko Instruments Inc. and
elevating the temperature from 40°C to 220°C at a rate of 10°C/minute.
As shown in Fig. 1, tangent lines were drawn from the minimum point A of
endotherm located between two fusion peaks appearing on the thus

20 obtained DSC curve toward the high temperature side and the low
temperature side with respect to the DSC curve. The quantities of heat
corresponding to the shaded portions enclosed by the DSC curve and
each of the tangent lines are defined as the heat of fusion Ql of the low
temperature side peak and the heat of fusion Qh of the high temperature

25 side peak. From the heats of fusion Ql and Qh, the ratio of the heat of

fusion Qh of the high temperature side peak (peak ratio) was obtained

according to the following equation:



Peak ratio (%9 _ [@W/(Q + @h)] x 100 Wth respect to a sanple of

pol yol efin pre-expanded particles for determ ning the standard devi ation
=of the peak ratio, 50 particles of the pre-expanded particles were
random y taken out of a bag of the pre 3 xpanded particles which was
random y selected froma nunber of produtt Tlexible containers obtained
fromthe sane production batch. Each of 50 pre-expanded particles were
pressed into a sheet-like form while heating in a thernostatic chanber of

60C, allowed to cool at r]?% &ﬂg% at d,.?lhg' gqtgef to the neasurenent.
10 The "peak ratio of pro ugatl'.'és V\)‘I i[gﬂ?/a(gje ]enot es the average val ue
of 50 particles. Thewifh$8spectPRP dethbR ¥ Blﬁdﬁ@fﬁ%ﬁ% ﬂ&é&gﬂrﬁﬁlé”‘?"
shown in Table 1 was 1caI cﬁ#at ed basedbon abdi fferle cee?’ﬁg%vera e pea

rati o of 10forsdéterARinkf) (RE %@naafdd&iéﬁb@r&-&&p?@ﬂeqaﬁ%t 50 bartieledased 5
m nutes 15 after starting the rel ease and a pol yol efin pre-expanded

particl e refienappélekpamided! fartRAES Wrerk! ikt tdleer BLeaTS bag) of\MBld phe-

poi nt The nelting point was neasured by using a differential = scanning

cal ori mg er expaiededSpafizéles MUY YweS! kndogly Usaséted Fom &0 ridirhBerSof 0 6
ng of polyolefin resin particles as a sanple, the tenperature was el evated

from 40C t opZotifetatlegiblat corttaidéls Bbtained! frofk! thet Bamd §rotduRdion Hagsh. and
after cooling the resin from220C to 40C at a rate of 0OC mnute to

crystal | i zeEabh 6f50npré-brphndpdr patticleyaserd glf@éﬁdl_ agR B shéeanike Gorm 220C
at a rate of 10C/ mnute. Fromthe DSC curve 25 obtai ned when the second

t enper at ur ewdlilevia¢ating ins titsrdhcstatic ¢lembee IGO0 dlodd es egeblabgoébm t he
fusi on peak appearing on the DSC curve was neasured as the nelting point.
20 - temperature and subjected to the measurement.

10 The "peak ratio of product” shown in Table 1 denotés the
average value of 50 particles.

The "rise in peak ratio with the lapse of releasing time"” shown
in Table 1 was calculated based on a difference in average peak ratio of 10
samples between a polyolefin pre-expanded particle released 5 minutes

15 after starting the release and a polyolefin pre-expanded particle released 5
minutes before finishing the release.

(2) Melting point
The melting point was measured by using a differential
scanning calorimeter model DSC 6200 made by Seiko Instruments Inc.

20 Using 5 to 6 mg of polyolefin resin particles as a sample, the temperature
was elevated from 40°C to 220°C at a rate of 10°C/minute to melt the
resin particles, and after cooling the resin from 220°C to 40°C at a rate of
10°C/minute to crystallize the resin, the temperature was elevated again
from 40°C to 220°C at a rate of 10°C/minute. From the DSC curve

25 obtained when the second temperature elevation was conducted, the
temperature corresponding to the fusion peak appearing on the DSC

curve was measured as the melting point.



(3) Expansion ratio The weight w (g) of about 2 g of dried polyolefin
pre-expanded particles was exactly neasured, and the particles were
*irmersed in ethanol to neasure the volune v (cnB) of the particles from
the increase of 5 the volunme of nethanol, sThe expansion ratio was

cal cul ated according to the follow ng € d%tion wherein d is the density
(g/cnB) of polyolefin resin particles before expansion. Expansion ratio =
d x v/iw (4) Cooling tine of nold 10 In nol ding of polyolefin pre-expanded

particles iQSPEﬁ?hﬂsi&H'ﬁﬁo heati ng the pre-expanded particles to fuse them
together, the nold was cooled with water. The tinme required for the

pressure of the nol deghe dfciglel & @Y of aBBVRTREBTdAEE POy Slefil! prcexpaAdBdNg
pressure) to decrease to 0.05 a was neasured as the nold cooling tine.

15 The step fﬁmgmr@&c&bemmw,tm thHe theticleBvére IRIAEREOfin

pre-expanded particles is a step of cooling the nold with water. Since the

cool i ng ti nethanhgbty metsige thepaidiiegv (dmt)iuf thegdriicles frofe the encioagarsded
particles, variation in nolding cycle was eval uated based on the variation

in nol d Boolthegvdlunee af anethiarplt 0 Thiecetsansivhnghtis ity calcvlated d6coriingct
to production of 100 nolded articles. O0: Difference between the shortest

cool i ng ti ndoatit fdltowinggeqtiationl whgrein deis thé elensitya(g/din% of pblysiefiact
to the average cooling tinme. 0: Difference between the shortest cooling
ti me and t heesbmpesticlesdefore expamsion.not | ess than 10 % and | ess than 20 %
with respect to the 25 average cooling tinme. X : Difference between the
shortest cooling tine andExpanstomeatiocodl% mgw tinme is not |less than 20 %
with respect to the average cooling time. - 2 1 -
(4) Cooling time of mold
10 In molding of polyoieﬁn pre-expanded particles in a mold, after
heating the pre-expanded particles to fuse them together, the mold was
cooled with water. The time required for the pressure of the molded
article surface against the mold surface (foaming pressure) to decrease to
0.05 MPa was measured as the mold cooling time.
15 The step which requires the longest time in the in-mold
molding of pre-expanded particles is a step of cooling the mold with water.
Since the cooling time largely varies depending on the quality of the pre-
expanded particles, variation in molding cycle was evaluated based on the
variation in mold cooling time according to the following criteria with
20 respect to production of 100 molded articles.
O: Difference between the shortest cooling time and the longest cooling
time is less than 10 % with respect to the average cooling time.
A: Difference between the shortest cooling time and the longest cooling
time is not less than 10 % and less than 20 % with respect to the
25 average cooling time.

X: Difference between the shortest cooling time and the longest cooling

time is not less than 20 % with respect to the average cooling time.



(5) Di nensional change Wth respect to 100 in-nold foam ng products
obtained by thermally nol ding polyolefin pre-expanded particles in a nold,
*the dinensions of the nolded articles were nmeasured in the longitudinal, 5
transverse and thickness directions. Vard ii on in dinensional change was
eval uated according to the follow ng cri ia: 0: Difference between the

| ar gest di nmension and the snallest dinmension is less than 3 %wth respect
to the average dinension D fference between the | argest dinension and the
smal | est di I]Sﬁglﬂjénsi&lélscm d ess than 3 %and less than 5 %w th respect

to the average di nension D fference between the | argest di nension and
the smal | est di mensi agithl ?e t'&ﬁdmﬁ@-rﬁofé \fbéﬁuﬁ% udtS bbEAYE"

di rension 15 Exanple 1 To 0 parts of ethylene-pro ene random copo rrer
(melting pehetmb#y $holdihg 6 pélyolétifi ﬁ%-@ﬁbaﬂaéda%?ﬁcfésoinpar tm6ld,! thé as
a nucleating agent. The resultl ng m Xxture was kneaded by a nm~" single

screw ext r udémenrdon®rdfethd rholdeds hitifRE! Wek@ mbaviP& anhd hbngi‘tud%Qall 3
ng/particle. A 14 nB pressure vessel was charged with 100 parts of the

resin paBti ¢rarssveifd and tthickness ditetiohsdi IRaiSioN e direnstiial Bhafige2. 0
parts of powdery basic calciumtertiary phosphate as a di spersing agent

and 0. 05 pamasévalugitednaccpedialf tothd folvaridgasiterid: sper si ng aid, 25 and
18.9 parts of isobutane as a blow ng agent. The inner tenperature of the

vessel was €Deiifferkrice BAfiveah tHé tanpess dithenisigi dad fie yesskist Wmerdien
adjusted to 2.11 MPa by introducing isobutane to the vessel. Wile 22
adj usting the isless thenp8ratwith resgectntethgaesmgeedizhehbionvessel by the
A: Difference between the largest dimension and the smallest dimension
10 is not less than 3 % and less than 5 % with respect to the average
dimension

X: Difference between the largest dimension and the smallest dimension

is not less than 5 % with respect to the average dimension

15 Example 1
To 100 parts of ethylene-propylene random copolymer (melting
point 143.5°C, MI 6 g/10 minutes) was added 0.01 part of talc as a
nucleating agent. The resulting mixture was kneaded by a 90 mm¢
single screw extruder and formed into resin particles having a weight of
20 1.3 mg/particle.
A 14 m® pressure vessel was charged with 100 parts of the
resin particles, 300 parts of an aqueous dispersion medium containing
2.0 parts of powdery basic calcium tertiary phosphate as a dispersing
agent and 0.05 part of sodium n-paraffinsulfonate as a dispersing aid,
25 and 18.9 parts of isobutane as a blowing agent. The inner temperature
of the vessel was elevated to 136.6°C. The pressure inside the vessel was

then adjusted to 2.1 1 MPa by introducing isobutane to the vessel. While



héating of the vessel and the introduction of isobutane gas, a valve
_provided at a |ower part of the pressure vessel was opened and the aqueous
“di spersi on nmedium was rel eased together with the resin particles 5 into

at nospheric pressure through an orifice gl te having openings therein of
3.6 mmdi aneter to give polyolefin pre-¢€ 8gnded particles. The rel easing
time was about 80 mnutes. During the release, the inner tenperature of
the vessel was kept constant for initial 10 minutes and, thereafter, the

i nner  t enpeadjusEngaher i@irﬁﬂdtehi{p&a%ﬁfr@'&%&ﬁﬁ{ercg% Jfotl{@fr?%%lrlf%}m'ﬁ@ S

and was further repeatedly raised by 0.2C and kept constant

m nutes. Thaecaeimeof! the: veks6l AP The OfmtregustsUsE $sbbuthrfe $ad0SS vdlve
total, and after raising the inner tenperature by 1.2C with “reSpect to the

initial inngrovidedeastariewsr phet of Mhedfpressiitd RessélewaRl 8pefied ahahﬂ% ease

was conducted at a constant tenperature. 15 The properties of the thus

obt ai ned polayuleelistdippersisnanediimppds télbasedtspatherviti tHéPbsinlparties
pol yol ef i n pre-expanded particles were placed in a pressure vessel, and

al l oned $o shndithwospieriousresgoder thaouph o asifice plate OhdviMga dpenghger to
I npart an expandability to the pre-expanded 20 particles. The preé-expanded

particl es weherdiheof 3.6/ ruini disandiepcto Bivel pdlpolefis préickpadidedd Partidied, x 40
nm and heated with steamof 0.25 MPa for 8 seconds to fuse themtogether,

t hus gi vi ngThe-red¢asihgimne was iabioes. 80 Witinutess pBairitg the GelensepkHe figased
articles, variation in cooling time and variation in dinensions were
eval uat ed. Wmperatinesofitke aesselswarrkept cabsthab!for initixlalpl miruess ahlde
procedure of Exanple 1 was repeated except that the inner pressure of the
vessel was thereedter; éheiisned teinpgratireawasgaise by 0.2°C and kept constant
10 for 10 minutes, and was further repeatedly raised by 0.2°C and kept
constant for 10 minutes. The temperature rise operation was conducted
in 6 stages in total, and after raising the inner temperature by 1.2°C with
respect to the initial inner temperature at the time of starting the release,
the release was conducted at a constant temperature.
15 The properties of the thus obtained polyolefin pre-expanded
particles are shown in Table 1.

The polybleﬁn pre-expanded particles were placed in a
pressure vessel, and allowed to stand for 20 hours under an air pressure
of 0.2 MPa in order to impart an expandability to the pre-expanded

20 particles. The pre-expanded particles were then filled in a block mold
having a size of 290 x 270 x 40 mm, and heated with steam of 0.25 MPa
for 8 seconds to fuse them together, thus giving in-mold foamed articles.

With respect to 100 in-mold foamed articles, variation in cooling time and

variation in dimensions were evaluated. The results are also shown in

25 Table 1.



agueous di spersion nmedium containing resin particles instead of raising
the inner tenperature. During the release, the inner pressure of the 5
‘vessel was kept constant for initial 10 minutes and, thereafter, the inner
pressure was raised by 0.02 MPa and kept ocgnstant for 10 minutes, and was
further repeatedly raised by 0.02 M Pa and kept constant for 10 m nutes.
The pressure rise operation was conducted in 6 stages in total, and after
raising the inner pressure by 1.2 MPa with respect to the initial 10 inner
pressure at the tine Dhespridediget bf BxeifpRel Wi répened WasepCRdtGRd at
a constant pressure. The results are shown in Table 1. Conparative Exanple
1_ 15 The primredupeessurexefithe vesseb wapaaissd sxepPise! Hakrind Seldadngg the
tenperature and the inner pressure of the vessel were kept constant  during
rel easi ng t haqaepes dispbrsim medium dontaitingaiesin drbieldschistead Bt raisiog
The results are shown in Table 1. 20 Exanple 3 To 100 parts of
et hyl ene- pr ohd émeer devhperatyrd. y iurige the nglegse, nthe irfife’> Gredéurk of the
m nut es) was added 0.01 part of talc as a nucleating agent. The resulting
m xture was Vesseliahsbiept oonstaht for ngitialstd emimues udnt, thedehfterEithe irireer
resin particles having a weight of 25 1.8 ng/particle. A 14 nB8 pressure
vessel was cprasgude washrasedsy 0s02MPaand kept cpastdrt for, 1G@Rimatess aakl an
aqueous di spersion nediumcontaining 24 2.0 parts of powdery basic cal cium
tertiary pho¥phafusther sepeaiesiyirajsecident0.02dMP auphiktepdf constarmt for 10
n-paraffinsul fonate as a dispersing aid, and 8.0 parts of isobutane as a
bl owi ng agerfINWERS.| nkhe prespvedise eperatiomhwasceoreduoted inl 6 stages irotdtas,. 0C.
The pressure inside the vessel was

and after raising the inner pressure by 1.2 MPa with respect to the initial

10 inner pressure at the time of starting the release, the release was

conducted at a constant pressure.

The results are shown in Table 1.

Comparative Example 1
15 The procedure of Example 1 was repeated except that the
_inner temperature and the inner pressure of the vessel were kept constant
during reléasing the aqueous dispersion medium containing the resin’

particles. The results are shown in Table 1.

20 Example 3
To 100 parts of ethylene-propylene random copolymer (melting
point 146.5°C, MI 4 g/10 minutes) was added 0.01 part of talc as a
nucleating agent. The resulting mixture was kneaded by a 90 mm¢
single screw extruder and formed into resin particles having a weight of
25 1.8 mg/particle.
A 14 m® pressure vessel was charged with 100 parts of the

resin particles, 300 parts of an aqueous dispersion medium containing



5 therf adjusted to 1.54 MPa by introducing i sobutane to the vessel. Wile

adjusting the inner tenperature and i nner pressure of the vessel by the

= heating of the vessel and the introduction of isobutane gas, a valve
provided at a | ower part of the presqpr%h%essel was opened and the aqueous

di spersi on nmedi um was rel eased toget her th the resin particles 10 into

at nospheric pressure through an orifice plate having openings therein of

3.6 mmdianeter to give polyolefin pre-expanded particles. The rel easing

time was ab ) | I ' of
0 phets BrPEwderyPraisitd chlGuhe é:?lét‘f%xp’ g_ﬁh%gbﬂ&%é ad GNRRIpRrSTe:

the vessel was continudously raised at a r per 10 mnutes. After

rai si ng theggéweandeOnss Hatt DfNoHAURY Mﬁa'&‘affﬁ?ﬁﬁﬁné’c@ 49% Ebspéisinglaidgnner
tenperature at the tine of starting the'release, the rel ease ™ was conducted

at a const aghd!$0Psars WiesoBhRrY AP arbloRingfagehe. t rue inblepiteffparatu 6f i n

pre-expanded particles are shown in Table 1.” The pol yol efin pre-expanded

particles W& vekséleflak tlévatdd 1o £46.0°C.V ERte@ presdiirerin Side dhleovedsehvdpr 20
hours under an air pressure of 0.2 MPa in order to inpart an expandability

to the [ e-gx@rradpdstedotc’ 1 F4eMPalby introdexhad issburaiie 1o #fe veyselt hwhilé | | ed
in a block nold aving a size of 290 x 270 x 40 mm and heated with steam

of 0.35 NPaadjweEtiﬂ.% thednnds temperacuie andt egrirhsfesstipe Dfghe vesseh-byotlse
foamed articles. 25 Wth respect to 100 in-nold foamed articles, variation

in cooling heatingndf ther vessednand therdnsraiisctiv cofeiibiatand. gabe a4 azalvd s
are also shown in Table 1. 25 - Exanple 4 The procedure of Exanple 3 was
repeat ed expegptidetiaat tedhdowennpartpof sher predsuriee vesse] eivasaopened eandutheg
rel easi ng the aqueous dispersion nmediumcontaining resin particles instead
of raising atjeeouselispersion medium was released together with the resin particles
10 into atmospheric pressure through an orifice plate having opénings
therein of 3.6 mm diameter to give polyolefin pre-expanded particles.
The releasing time was about 120 minutes. During the release, the inner
temperature of the vessel was continuously raised at a rate of 0.2°C per 10
minutes. After raising the inner temperature by 2.0°C with respect to the
15 initial inner temperature at the time of starting the release, the release
was conducted at a constant temperature.
The properties of the thus obtained polyolefin pre-expanded
particles are shown in Table 1.
The polyolefin pre-expanded particles were placed in a
20 pressure vessel, and allowed to stand for 20 hours under an air pressure
of 0.2 MPa in order to impart an expandability to the pre-expanded
particles. The pre-expanded particles were then filled in a block mold
having a size of 290 x 270 x 40 mm, and heated with steam of 0.35 MPa
for 10 seconds to fuse them together, thus giving in-mold foamed articles.

25 With respect to 100 in-mold foamed articles, variation in cooling time and

variation in dimensions were evaluated. The results are also shown in

Table 1.



5 tenperature. During the release, the inner pressure of the vessel was
continuously raised at a rate of 0.02 MPa per 10 m nutes, and after
sraising the inner pressure by 0.20 MPa with respect to the initial.inner
pressure at the tine of starting the relggse_ the rel ease was conducted at
a constant pressure. The results are shown in Table 1. 10 Conparative Exam
| p e 2 The procedure of Exanple 3 was repeated except that the inner
tenperature and the inner pressure of the vessel were kept constant during
rel easi ng the aqueous di spersion nediDga@@éai ning the resin 15 particles.
The results are shown in Table 1. Exanple 5 To 100 parts of |inear |ow

density pol yet hyl ene Theelproogdpes of EX2MHE 3 Mrag @hpebfed:i exdeps) thuts theded
0.01 part of talc as a nucleating 20 agent. The resulting m xture was

kneaded by énfér rpréssunglof oy eesselt waderaised darimgdrelehsingthe agueduses
having a weight of 1.8 ng/particle. A 14 nB pressure vessel was charged
with 100 padisperfsioheneditsn copdainingaesisparfialessinstesd ofigaising tHespeesi on
medi um containing 25 2.0 parts of powdery basic calciumtertiary phosphate
as a di sper sempeagbumte. arldufin@sthparelease s the imner paresstire wfl thenwessel swas
di spersing aid, and 18.7 parts of isobutane as a blow ng agent. The inner
t enper at ur e cefitimiously raised|atvasratecofitGtc02t MPel 4edClOThinutes,sand afteirde
the vessel was then adjusted to 1.78 MPa by introducing isobutane to the
vessel . Wi reisingjthst innpert pressmrerby @@ rMParwithnrespeact rtopthes initial dhnene
vessel by the heating of the vessel and the introduction of isobutane gas,
a val ve 5 pirsessiate at the tioweof gtartingrthetreleases the seleass avaseendyetasbatad
t he

constant pressure. The results are shown in Table 1.

10
Comparative Example 2
The procedure of Example 3 was repeated except that the
inner temperature and the inner pressure of the vessel were kept constant
during releasing the aqueous dispersion medium containing the resin

15 particles. The results are shown in Table 1.

Example 5
To 100 parts of linear low density polyethylene (melting point

124.0°C, MI 2 g/ 10 minutes) was added 0.01 part of talc as a nucleating
20 agent. The resulting mixture was kneaded by a 90 mm¢ single screw
extruder and formed into resin particleé having a weight of 1.8
mg/ particle.
A 14 m?® pressure vessel was charged with 100 parts of the
resin particles, 300 parts of an aqueous dispersion medium containing
25 2.0 parts of powdery basic calcium tertiary phosphate as a dispersing
agent and 0.05 part of sodium n-paraffinsulfonate as a dispersing aid,

and 18.7 parts of isobutane as a blowing agent. The inner temperature



aqueous di spersion nmedi um was rel eased together with the resin particles

I nto at nospheric pressure through an orifice plate having openings therein
- of 3.6 nmdianeter to give polyolefin pre-expanded particles. The

rel easing tinme was about 120 ninutes._[@qbng_the rel ease, the inner 10
tenperature of the vessel was continuously raised at a rate of 0.05C per

10 mnutes. After raising the inner tenperature by 0.5C wth respect to

the initial inner tenperature at the tine of starting the rel ease, the

rel ease wasf tigdessel v elevatibtanl4iGRerFi¢ peessine ipsidethc eossdl wae
t hus obt ai ned pol yol efin pre-expanded 15 particles are shown in Table 1.

The pol yol ethen pidgustedated e MR by éatrodiwinhg iscishitameatdthckessedl dWhaile ng a
size of 290 x 270 x 40 mm and heated with steamof 0.09 MrPa for 10
seconds to adjestihgthedgeehdempdrasugs andginimernpressiwearcfctheavéssel dy. the t h
respect to 100 in-nold foaned articles, variation in cooling 20 tinme and
vari ation i hedtimgnef die wessclesabudhe dntidduction ofs isoltaneo gashawvalve
Table 1. Exanple 6 The procedure of Exanple 5 was repeated except that the
25 i nner5 pr psevidedofit tdhdowes spartwaf thei peessiei Ngssell wasi npenbd andethe
di spersion medi umcontaining resin particles instead of raising the inner
t enper at ur eaqbepusglispersieh enedium vwas releasqrl togather wfith tlac vesivgpanticle® 7
continuously raised at a rate of 0.01 MPa per 10 minutes, and after '
rai sing theminetmosplaric pressut® Wreught an cuplice plate heavimg iopeningsr
pressure at the tinme of starting the rel ease, the rel ease was conducted at
a const ant thersinuek 3.Ghmm edigmetesr to givavpolyolefib pra-expangiedaparticles.
Exampl e 3
w The releasing time was about 120 minutes. During the release, the inner
10 temperature of the vessel was continuously raised at a rate of 0.05°C per
10 minutes. After raising the inner temperature by 0.5°C with respect to
the initial inner temperature at the time of starting the release, the release
was conducted at a constant temperature.
The properties of the thus obtained polyolefin pre-expanded
15 particles are shown in Table 1.
The polyolefin pre-expanded particles were filled in a block
mold having a size of 290 x 270 x 40 mm, and heated with steam of 0.09
MPa for 10 seconds to fuse them together, thus giving in-mold foamed
articles. With respect to 100 in-mold foamed articles, variation in cooling
20 time and variation in dimensions were evaluated. The results are also

shown in Table 1.

Example 6

The procedure of Example 5 was repeated except that the
25 inner pressure of the vessel was raised during releasing the aqueous
dispersion medium containing resin particles instead of raising the inner

temperature. During the release, the inner pressure of the vessel was



The priocedure of Exanple 5 was repeated except that the inner tenperature
and the inner pressure of the vessel were kept constant during releasing
*the aqueous di spersion nediumcontaining the resin 10 particles. The
results are shown in Table 1. Exanpl e 72T@|190 parts of ethyl ene-propyl ene
random copol yner (nelting point 145.0C 4 g/ 10 m nutes) was added 0.01
part of talc as a 15 nucleating agent. The resulting m xture was kneaded
by a 90 m# single screw extruder and formed into resin particles having a

vei ght of  doRtiMioRRlY irdliged Atda Fate! S5OV E MRS per VEG BdaaR] ahd hafté®
parts of the resin particles and 300 parts of an aqueous dispersion nedi um

contai ni ng faiding$hedhher GPreBSUEey DAV MPalwithRespett 86 thehpiaahignes a
di spersing agent and 0. 05 part of sodium n-paraffinsulfonate as a

di spersing pressulieaat thetemelsiiariahgthe eélebie, tastelbavewag comhastetiat a
154. 0C. The pressure inside the vessel was then adjusted to 2.54 MPa by
i ntroduci ngcenstdritog®ssuges Theaeblilteiaie slgamh ihordile Messel . Thereafter,
whil e adjusting the 25 inner tenperature and inner pressure of the vessel
by the t®ating of the vessel and the introduction of nitrogen gas, a valve
provided at a lower part of the pressure vessel was opened and the aqueous
di spersion 28 nedium was rel eagesnpaxcivecExanigietdhe resin particles into
at nospheric pressure through an orifice plate having openings therein of
3.6 nm dianeter to Theeppotechiref ofi Example & deas pepeatdd excépe theltetlse ng
time was about 40 mnutes. During the release, the inner tenperature of
t he 5 vesseinnersteroperaturesing the suergressune of the fesel peare e pticomssant
After raising the inner tenperature by 0.6C with respect to the initial
i nner t enpdraing ecleasimg thenaqueous adisparsivhemeaslivaz econthining the aesinn
conduct ed

10 particles. The results are shown in Table 1.

Example 7
To 100 parts of ethylene-propylene random copolymer (melting

point 145.0°C, MI 4 g/10 minutes) was added 0.01 part of talc as a
15 nucleating agent. The resulting mixture was kneaded by a 90 mmé
single screw extruder and formed into resin particles having a weight of

1.8 mg/particle.
A 4 m® pressure vessel was chérged with 100 parts of the resin
particles and 300 parts of an aqueous dispersion medium containing 2.0
20 parts of powdery basic calcium tertiary phosphate as a dispersing agent
and 0.05 part of sodium n-paraffinsulfonate as a dispersing aid. The
inner temperature of the vessel was elevated to 154.0°C. The pressure
inside the vessel was then adjusted to 2.54 MPa by introducing a nitrogen
gas as a blowing agent to the vessel. Thereafter, while adjusting the
25 inner temperature and inner pressure of the vessel by the heating of the
vessel and the introduction of nitrogen gas, a valve provided at a lower

part of the pressure vessel was opened and the aqueous dispersion



at a constant tenperature. The properties of the thus obtained pol yol efm
pre-expanded 10 particles are shown in Table 1. The pol yol efin
- pre-expanded particles were placed in a pressure vessel, and allowed to
stand for 20 hours under an air pressur of 0.2 MPa in order to I mpart an
expandability to the pre-expanded particles. The pre-expanded particles
were then filled in a block nold 15 having a size of 290 x 270 x 40 mm and
heated with steam of 0.40 MPa for 12 seconds to fuse themtogether, thus

gi ving i n- nRjedihan iR ?éléa§é&9co§eﬁ’f'e§“hvftﬁsﬂﬁci~e§1ﬁ pé&Hidles atsl atpEpteric

articles, variation in cool Ing tine and variation in dinensions were

eval uat ed. pressiaeUtHo e adl SRiffdeoplatenhavidy niRfs Ehepéinaof V3656l e 4
The procedure of Exanple 7 was repeat ed except hat tThe inner tenperature

and the i nngfarReRFSty i poliol¥RA Spre-eRpanded ipLitiéant Thd ueleusing! gars ng
t he aqueous di spersion nmedi umcontaining the resin 25 particles. The

SH! 6 Ry o Rte el et emphribzang 0 o
5 vessel was continuously raised at a rate of 0.2°C per 10 minutes. After
_ raising the inner temperature by 0.6°C with respect to the initial inner
femperature at the time of starting the release, the release was conducted
at a constant temperature.
The properties of the thus obtained polyolefin pre-expanded
10 particles are shown in Table 1. |
The polyolefin pre-expanded particles were placed in a
pressure vessel, and allowed to stand for 20 hours under an air pressure
of 0.2 MPa in order to impart an expandability to the pre-expanded
particles. The pre-expanded particles were then filled in a block mold
15 having a size of 290 x 270 x 40 mm, and heated with steam of 0.40 MPa
for 12 seconds to fuse them together, thus giving in-mold foamed articles.
With respect to 100 in-mold foamed articles, variation in cooling time and
variation in dimensions were evaluated. The results are also shown in
Table 1.
20
Comparative Example 4
The procedure of Example 7 was repeated except that the
inner temperature and the inner pressure of the vessel were kept constant
during releasing the aqueous dispersion medium containing the resin

25 particles. The results are shown in Table 1.
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the results shown in Table 1, it is found that the polyolefin pre-expanded
particles of the. present invention obtained in Exanples 1 to 7 which have

a smal | variation i nFpeAk that résultgVvshéwa irdrableadssitt iatfolipel thatatheon in
nmol d cooling tinme in nmolding processing 5 is snall and the variation in

di mensi ons pblyudtfin Bre-eRpaadedr paticles dff Bpapreseneiaventivhsobtainednsi | .
In contrast, it is found that the polyolefin pre-expanded particles of

Conpar at i veEEnmp]leSSI Itot ¥ which dpsrece $ihadl eariveioh mgeaknpatio, hewe thée ar ge
variation in peak ratio,
advantages that the variation in mold cooling time in molding processing
S5 is small and the variation in dimensions of cellular molded articles
prepared therefrom is also small. In contrast, it is found that the
polyolefin pre-expanded particles of Comparative Examples 1 to 4
prepared in a conventional manner have a large variation in peak ratio,
and the variation in mold cooling time and the variation in dimensions of
10 cellular molded articles are large.
In addition to the ingredients used in the Examples, other

ingredients can be used in the Examples as set forth in the specification to

obtain substantially the same results.



and the variation in nold cooling tinme and the variation in dinmensions of
10 cellular nolded articles are large. In addition to the ingredients used
in the Exanples, other ingredients can be used in the Exanples as set
forth in the specification to obtain sgbstantially the same results. 32 -
VWHAT WE CLAIMIS: CL S 1. A pre-expanded particle of a polyolefin resin
wherein said pre-expanded particle shows twe—fusitompeaks on a DSC curve
when 5 neasured by differential scanni ng cal Qgg mmmproportion of
t he heat of WHATONEPCLAIMN I8ak appearing on tﬂ“‘“ﬂ““mn re side based
on the total heat of fusion of the two peaks represented By fhe equation:
[/ (A + )] x 100 falls within the range of 10 to 60 %in which Ch is
the heat of fusion of the peak appearing on the high tenperature side and
Q 10 is the heat of 1f usippe-exfpaniiedppakticippsfaa i pulyolefinh eesiavwherpier ahid e
side, and the standard deviation of said proportion is not nore than 1.2.
2. A procespré-exppndedr pagticleeshawantied fumion cpesksoforna PBG ofwsfvien whesi n
conprising the steps of charging polyolefin resin particles, 15 an aqueous
di sper si®n nestissaredooy afifferentialdScaparisgneplarienetrprachd phe praipoytiondék tee si ng
aid, and a blowing agent in a pressure vessel, heating the resulting

di spersi on heahof fusiomgf the pepkappédring pnetiw high femperatwrscsideebased
tenperature to inpregnate said resin particles with said blow ng agent,
and rel easi ay twi totel beet of dusiom of the twerpeaksszepresgnted bysthiceequation:

t hereby expand said particles, wherein the inner terBoerature of said
pressure vel@by (Qk+ Qh)}xsd 0N falls within thenange ofid OytoH0 % in whichQlyinthe o
0.5C per 10 minutes during the release, 3. A process for preparing

pr e- expandehephof fiasion of peak appearing on the high temperature side and Ql

10 is the heat of fusion of the peak appearing on the low temperature side,

and the standard deviation of said proportion is not more than 1.2.

2. A process for preparing pre-expanded particles of a

polyolefin resin comprising the steps of charging polyolefin resin particles,

15 an aqueous dispersion medium containing a dispersing agent and
optionally a dispersing aid, and a blowing agent in a pressure vessel,
heating the resulting dispersion with stirring to a prescribed pressure and

a prescribed temperature to impregnate said resin particles with said
blowing agent, and releasing said dispersion into a lower pressure

20 atmosphere to thereby expand said particles, wherein the inner
temperature of said pressure vessel is raised stepwise or continuously at a

rate of 0.03 to 0.5°C per 10 minutes during the release.

3. A process for preparing pre-expanded particles of a
25 polyolefin resin comprising the steps of charging polyolefin resin particles,
an aqueous dispersion medium containing a dispersing agent and

optionally a dispersing aid, and a blowing agent having an effect of



25 pol'yolefin resin conprising the steps of charging polyolefin resin

. particles, an aqueous dispersion nedium containing a dispersing agent and
~optionally a dispersing aid, and a bl owi ng agent having an effect of 33

| owering the nelting point of said quygggfip resin in a pressure vessel,
heating the resulting dispersion with stirring to a prescribed pressure and
a prescribed tenperature to inpregnate said resin particles with said

bl owi ng agent, - and rel easing said dispersion into a | ower pressure 5

at nospher e igwéhifgabie MdERg Saind dfagdidcpeFrolefe resih iha iprassuiy e&ss&lg of
said pressure vessel is raised stepw se or continuously at a rate of 0.005
to 0.05 MPahpatingdh® redigting dispersidie with etisfingto@ prescribed pressure and
a prescribed temperature to impregnate said resin particles with said
blowing agent, and releasing said dispersion into a lower pressure
S atmosphere to thereby expand said particles, wherein the inner pressure

of said pressure vessel is raised stepwise or continuously at a rate of

0.005 to 0.05 MPa per 10 minutes during the release.
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