0 6 JUL 2005 - 1 POLYOLEFIN RESIN PRE- EXPANDED PARTI CLES AND PROCESS FOR
PREPARI NG THE SAME BACKGROUND OF THE | NVENTI ON The present invention
relates to pre-expanded particles of a polyolefin resin and a process for
preparing the sane. Mre particularly, the present invention rel gtges) t§05
pol yolefin resin pre-expanded particles § suitable for use in an in-no
foam ng nethod wherein in-nold foanmed articles are prepared by filling
pol yol efin resin pre-expanded particles in a nmold capable of being closed
but i ncapabl e of being her rret [ caI I y seaI ed and heat| ng the part icles with
a heating nedi um sucRCHS/ 3l : ; )
preparing the pre- expanded part i cl es 10 PoI on efl n foarred art icles are
superior in chem cal Nt ) €y IE @A
restoration rate after corrpr essi on as corrpar ed to poI ystyr ene foaned
articles. Also, in-nold nolding of polyolefin pre-expanded particles has
t he advantage that foanmed articl es havr ng a corrpl | cat ed shape can be
prepared. For these reasonBACKGE i ENH4Med articles have
been popul arly used in various frelds for exanpl es, as cushi oni ng
packagi ng materi al s,Thetp:rersahltanvdﬁbromerqlabwets prcteapaoneldi parbalgseof a
cores. If a polyolefin resinis heat-treated at a tenperature in the
vi ci nity ofpolyelefil réesig sned mt prddess doy prepasngudteusanehaMjese partieuksaly.t wo
20 fusion peaks when neasured by differential scanning calorinetry (DSC).
JP- A- 59- 176@8#6 pdesaito seeeritian netites| & polyolefiexpesideprpaxpacidesl pprépkesed
by a nmethod which conprises charging polyolefin resin particles, an
aqueousSdi spetablenforedse nmcamtiabmiodg faammgemﬂlgdaqhnrel@nmanow $prameidng
aid, and a blow ng agent in a pressure vessel, heating the 0 6 JUL 2005 2
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 compression 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-treated 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



resulting dispersion with stirring to a prescribed pressure and a
prescribed tenperature, and releasing the dispersion into a | ow pressure

at nosphere to thereby expand the particles (the nmethod being hereinafter
referred to as "pressure rel ease expansion method"), are required @ TR
a crystal structure having two fusion peagks _as observed on the DSC curve

I n obtaining good in-nold foam ng products. Further, it is proposed to

i nprove the noldability of polyolefin pre-expanded particles by defining
the heat of fusion of a peak appearing on the higher tenperature side of
the DSC curnesudtinghelipperstopandeld b@irpiavg i1l 5 préduribed speesdue rangeaw th
respect to each kind of resins. For exanples, It is disclosed that the

ol dabi | i t ypriescrinedotar peleturehenkiepdleadingf tisd dispfrsidieinto a low pressure
hi gh-t enper at ure-si de peak of polyethylene resin pre- expanded particles

falls withiatnbspherege tHeredly dxgemd bhae pardiclks((IRe Anefifod Béing heheimaifter
heat of fusion of the high-tenperature-side peak of 15 pol yethylene resin
pr e- expanda@iq@attl wl &s “peddsturei el asd Bepaasion nfetBotld), add.reqlfiged to have
(JP- A-2-43206), and when the heat of fusion of the high- tenperature-side
peak of Spolayprygtel etreictese hawvieg expafiitésn peakiscl esbiathies omithbiSChaumvange
of 15 to 35 J/g (JP-A-5-179049 and JP-A-11-106550). Like this, in case of
conduct i ng innelaidime kdoddneimdidlfpatrdhigrprodqise- expanded particles, it is
required to define a paraneter showing the <crystal state of the resin,
e.g., the heat of fuBueothaf it lephipised sorrapadve ¢heirdeldzxdzktyreé polpadein

differential scanning calorinmetry, and to keep the paraneter within a
certai n ranqye-expapdadtparaiclesbyodafiningathienheatofrbnsiopr ef 2 pddleapprgenigs
sel ected dependi ng on the kind of 25 resin, expansion ratio, nolding nethod
and the |i ke tHewbighter dempieratutehaide loé ther ASE enufval bf thiet prereapanded
preferabl e range, dinensional change of nolded articles and nol ding cycle
changelOccuparmies withef arspedific rangarwitl @spedtto 2608 kind pbresipst hdtont he
foamng is controlled on a satisfactory |evel. Dinensional
examnples, 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 polyoclefin
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



change results in generation of inferior products since the products do not
have the required dinensions. Ml ding cycle change results in lowering of
productivity since the production nust be conducted at the |ongest 5

nol ding cycle in order to avoid generation of inferior products. I%egﬁdﬁmb
obj ect of the present invention is to_prgvide pre- expanded partigl

pol yolefin resin which can be nolded in a nold w thout causing nol ding
cycle change to give cellular nolded articles having a good di nmensi onal
stability. 10 A further object of the present invention is to provide a

process f@p saeRaitithe feany@lgelsi dbritreled pandedtipfidtory dsvethi dhincansibaal
subjected to in-nold foam ng w thout causing nolding cycle change and

di mensi onalchaghaneeulfs frogeméra tiroduigifsrior pesduatdstdeetheopi@bistsodo hbe
present invention will becone 15 apparent fromthe description

her ei naf t e haveWAW R Hred i MEDAE ONMdldhags choly dleengé eusdltshat lawering
di mensi onal change and the nolding cycle change are caused by variation in

crystal st gfepfdutiterity? @igxeandegrqriittich esuanobé hwrmhotedmantthenkhgest ect s
can be achieved by mnimzing the variation. It has al so been found that

pol yol efi n rpsREin@Xd3Ne d opdet 6 laesid gehbgationwiffinfericr psédliced.at e can be
prepared by carrying out the pressure rel ease expansion nethod in such a

manner that the tenpejsabw @HHéctPOESHY Presshtidnaentiess is etos greeide pre-
elevated with 25 the lapse of tine in the step of releasing a dispersion of

resin partiesdpashdddrpacgorisesy wipdlysldfironesign adgaoh daroive heoldedssunenvédsel
into a |l ower  pressure zone. 06JUL1005 4 Thus, in accordance wth the

present i nweithbQl,cdidhg holdhi@\dydis chaprge eopgindecklpalari miaddedl articles
pol yol efin resin wherein said pre- expanded particle shows two fusion peaks
on a DSC cHasgnghepood 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.



measured by differential scanning calorinetry (DSC) and 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 + Ch)] x 100 falls within the range of 10 to 60 [% i 2005
which Gh is the heat of fusion of the _peak appearing on the high
tenperature side and Q is the heat of fusion of the peak appearing on the
10 Il ow tenperature side, and the standard deviation of said proportion is
not nore than 1.2. The present invention also provides a process for
preparing pre-expanfiedspairt isticesdafca witly alhef ipresest ninviemtamgotbarcaswi t h
an enbodi nent of the present invention, 15 there is provided a process for
prepari ng prevededredpdegaptantiess pattiale pbhypblyblefin essin comgreisisagdt pre-
steps of charging polyolefin resin particles, an aqueous dispersion nmedium
cont ai ni ng exphrspet spartidgeshioarsd tvopt fusiah | peakdi sperasi BHQI duremdvhen

bl owi ng agent in a pressure vessel, heating the resulting dispersion with
stirring tanaapnesd bybdiffepentaliseamnth@calarpmetyr((130) ardpbegiopertion of

i npregnate the resin particles with the blowi ng agent, and releasing the
di sper sbon thet heat ladwWusies sofr the qtemis pppearing dhetlebyhigh pemipetatyrar sidel es,
wherein the inner tenperature of the pressure vessel during the release is
rai sed stepvassl en thertoitaldesit yolafusionack theé @ Paak0rérgsented by rilices.
25 In accordance wth another enbodi nent of the present invention, there

i s al so preaquitdon: PRbgéet + Q@h)prepBDi fajlsometlaxptinegdnggaet 1Ol &3 & %4 In

pol yolefin resin conprising the steps of charging polyolefin5 - O6 JUL
1005 resi rwhach i Qhess the dmatoof fisperef dhempdrlmapmeaaing ren athlt Jp€bsi ng
agent and optionally a dispersing aid, and _a bl owi ng agent having an

effect of |teneperafurhsideklnid@! potine heait phfupionyef dfd pealesippeaiing pRddisur e
vessel, heating the resulting dispersion with stirring to a prescribed 5
pressud® ari@“atqmascalﬁlb’@csidémdé%@r sandardpteiation affaid ayopogtion; 1gnat

more than 1.2.
The present invention also provides a process for preparing
pre-expanded particles of a polyolefin resin.
In accordance with an embodiment of the present invention,
15 there is provided a process for preparing pre—exbanded particies 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



with the bl ow ng agent, and releasing the dispersion into a | ow pressure
at nosphere to thereby expand the particles, wherein the inner pressure of
the pressure vessel during the release is raised stepwi se or continuously
at arate of 0.005 to 0.05 MPa per 10 minutes. 10 BRI EF DESCRI PTI (R\l OF THE
DRAWNG Fig. 1 is a DSC curve obtained by differential scanning 08 JUL 2005
calorinetry of a polyolefin pre-expanded particle under the condition that
the tenperature is elevated from40C to 220C at a rate of 10C/ m nute, 15
wherein tangent lines are drawn fromthe m ni num point A of endotherm

| ocat ed betrssen padidles an pgaksus alisperdibe meghutrerpeatairning sidiesparsingt he
| ow tenperature side with respect to the DSC curve and the quantities of
heat of theaggradaddpeptiopadlyeactizgetsing e, BEG aubimviapdaganh lodvingean

tangent |ines are defined as the heat of fusion Q of the |low tenperature
20 side pealffeuidoft isvdréng tbfe frudtiog Rbimfoft ttee hojyoleémparsihuire aspressueek.
DETAI LED DESCRI PTI ON The pol yol efi n pre-expanded particles of the present
invention +wselt weativgl ahepeeksitirtgaslisperdiyn diviflerstitrirgg tscanmpregcribed
calorinetry, 25 wherein the ratio of the heat of fusion of the high
t enper abur epreisgerrpeald topideritddktemgrtraniref tsimpregnatethewe praparticles
represented by the equation: [Gh/(Q + Gh)] x 100 (this ratio being
her ei naf t erwitef the bibwmmagéneaina &lddding e dispérsivat iroto) aflaiv predsturien
the range of 10 to 60 %in which Ch is the heat of fusion of the high
t enper at ur eatshdeplpenktattierébyi expdred heapaoficlessindrerein the inhenprespareatiur e
si de peak, and the standard deviation of the peak ratio is not nore than
1.2. 5 In tthe present vevsehiduoing tthe retiddser isntdiatd sstepwise oc lomtineonsgly i s
carried out by using a usual differential scanning calorineter (e.g.,
nmodel DSC 6208 ranelef ByOGRitod) OisMRmeat 40 mon)Jited.t h respect to a
10
BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a DSC curve obtained by differential scanning
calorimetry of a polyolefin pre-expanded particle 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 QI 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)] = 100 {this ratio being hereinafter referred to as "peak



speci men prepared by pressing a pre-expanded particle of polyolefin resin
at 60C into a sheet and allowing to cool at roomtenperature. The 10

pol yol ef i n pre-expanded particles of the present invention show two fusion
peaks on a DSC curve obtained when elevating the tenperature frof§40C 2809
220C at a rate of 10C mnute. It is prefegrable that the difference in
tenperature between the two fusion peaks is not less than 5C, especially
from5 to 30C. The heat of fusion Q of the |low 15 tenperature side peak
and the heat of fusion Gh of the high tenperature side peak are determ ned
by draw ng rtaaitggniallsi wethinathes mangeiof FOgto 60 % inmwhith Q@hiisuthegbieat oA of
endot herm | ocat ed between two fusion peaks toward the high tenperature

si de and t Hasiawof ehpérigh temmrdeureside pestpant Qbig the PEat ofifiveonTHdhe
gquantities of heat of the shaded 20 portions enclosed by the DSC curve and
each of thdotategyaptratiuresside pealtehimetheastaritardedeviatiohuef the Reakfratieeis! ow
tenperature side peak and the heat of fusion Ch of the high tenperature

si de peak. ridenareviraredtl.oned two peaks appear when a polyolefin resinis
subjected to heat treatnment in the vicinity of its nmelting point 25 which
changes5t he crystal ki thetpresehbimaarséomn, thst diffeyemiiad. sdamnyageealorimelyt wo
peaks are obtained by using the pressure rel ease expansion nethod as a

met hod for igr eperied puthdypusirex manceh] pdiffarehtisl srdrthisg) chlozomstery (e.g.,

sel ecting appropriate expansion conditions in the pressure rel ease

expansi on nmeided. D$e 6Kk matieoby BeilkQ InsGhlhen0d lne.)f moth uESPECERov@
preferably 18 to 40 % In general, if the peak ratio becones |lower, in- 5
nol d f oani nepexfintereppepardby dedspiag a presxpandssl particlediouelyeleln resisr

nol di ng tenperature to achieve good nelt adhesion of particles and good
appear ance,ath®0°Chénte ar sheehdantiadlowing te heoddi abmopondemperatiige dhe

products beconmes |arger and the nolding cycle beconmes |onger. To the
10 polyolefin 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 Q! 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



contrary, if the peak ratio becones |arger, a higher nolding tenperature 10
I s needed to secure good nelt adhesi on and appearance, but the nol ding
cycle tends to becone shorter. In-nold foam ng products having desired
shape and appearance can be obtained at a desired nolding cycle by 06 JUL 2005
adjusting the peak ratio of the pre-exparded particles within a suitable
range dependi ng on the kind and properties of a polyolefin resin used, the
15 expansion ratio of pre-expanded particles, the nolding nmethod and the
like. If the peak ratio is less than 10 % the dinensional shrinkage
becones t oosdlacing apprberatedezpanaian easyditoomef or nited t pressherenuketiasg of
pre- expanded particles. If the peak ratio is nore than 60 % nelt adhesion
and appear aexpamsienharedhod. be secured. As the inpregnation of 20 a bl ow ng
agent is carried out at a higher tenperature when pre-expanded particles
are prepared by the Phespaak reticaf@héiphnsi Qh)jxd0Olods frioen pEakoradi &o,
becones lower. Also, as the heat treatnent tine, e.g. inpregnation tine of
bl owi ng ageptefebanlynts toohQeto, tThegpeadaly it the pealdsratio Heecones hoehorirsi nce
the crystal growth proceeds. 25 The standard devi ation of the peak ratio of
t he pol $ol efriald joemingpefndedppaerpehded partotleswaa bhaardied, oyt af erlabwer not
nore than 1.0. The standard deviation is obtained by randomy extracting
50 particl esiobding Geriper200% tosacmerve goiodowiejbadhesiopr ef papaoktsdanpdigood es
fromthe sanme production batch of a product, neasuring and cal cul ating the
peak ratio appeacinde]ant tipere avd ¢endynoss, thatdthratioueasionalf shrinkage pafak
rati o values according to the follow ng equation: Standard deviation Vin-
wher ei n x ipradiectsveeenyoesdarger Shdcthe hmlding cucleebecimeddgngerof To the
variation in peak ratio of the 10 pre-expanded particles, there is an

i ndi vi dual etrtrerendehienpeale rebivaberames larger, a higher molding temperature

10 is 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 a blowing agent is carried out at a higher temperature when pre-expanded
particles are prepared by the pressure release expansion method, the
peak ratic 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




nol di ng products of the pre-expanded particles. Therefore, nolding

products containing a | arge anmount of pre-expanded particles having a high
peak ratio and nol ding products containing a | arge anount of pre- expanded
particles having a | ow peak ratio may be present. Also, there is 186aUL 2005
possibility that in a single nolding proguct, pre-expanded particles

havi ng a high peak ratio or pre-expanded particles having a | ow peak ratio
may partly localize. On the other hand, it is desirable for obtaining

nol di ng products having good nelt adhesi on and appearance to carry out the
mol di ng of mpoee ef pahdddfiipgeretpsnded parokiisngotretipe same prediit Bbhéa20hf or
the respective peak ratios. However, it is not practical to change the

mol di ng t engfemapuoéutyr mezmcurofig t dwed pealdudaingntlee queak madid @d nolididwal
operation, and usually the nolding is carried out at a nolding tenperature
set rather pamgicles byodBar, rard calduapine- fewpa tde hebiviatip salidghcpeakngdbi o.
This results in over-heating for nolding products 25 containing a | arge
amount of pite fllvandedqaation] es having a low peak ratio or for a portion
conposed mai nly of pre-expanded parti cl ' | ow peak ratio, and
such nobdi ng products have a | arge dine opal 9 0, 6 JUL 1005 - shrinkage
or have partly a | arge dinensional shripk fetﬁ—Axg)) the nolding cycle is
not constant, since Stdmiiagl devicisos=0 e- expanded particles having a

| ow peak ratio or portions of pre-expanded %er rcres having a | ow peak
ratio require a |longer nolding cycle. For /%sTch reasons, it is inportant
that the standard deviation of the peak ratio is not nore than 1.2. |If the
st andar d dewhar¢ionx o the@veeage valué.o is nore than 1.2, it is difficult to
stably produce cellular nolded articles since the dinensional shrinkage
and the nol di ng cycl 8incer getrg ischaagaintegroe of variation fingpreale satin qidhie
ratio of respective nolded articles 10 or in peak ratio of portions of a
nol ded 18r t | pfeeexpandpd| gattifles, rereeispandadipidual didlerence ha Yreobtained

i nvention

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-
expanded 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 having a
high peak ratio. This results in over-heating for moelding 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



can be prepared by a pressure rel ease expansi on nethod wherein an aqueous
di spersion of polyolefin resin particles inpregnated with a blow ng agent
is released froma pressure vessel into an atnosphere of 15 | ower pressure
than the inner pressure of the vessel to thereby expand the rESimﬁJULZM5
particles. In case of industrially perfogm ng mass production of the

pol yol efin pre-expanded particles in accordance wth the pressure rel ease
expansi on nethod, the tinme of rel easing an aqueous di spersion of resin 20
particles inpregnated with a blowi ng agent froma pressure vessel is
general |y fohaim torlGhdve ghly 300afgdudiesemsionalgbhrinkegel esAlsigpehei ng
on the capacity of pressure vessel used, the charging ratio of resin

particl es imbhlihbecydlessunet ceasednt,asidceheoddier producty iof ipre-éxpamdedhi ch
the dispersion is released into a | ower pressure atnosphere. Even 25 during

t he rel easigigtieled havihg penswopeak hetioby op@ftions esi prepexpanted partesest in
the vessel still suffers a heat treatnent, resulting in crystal growth.

Ther ef or e, Hdwénpealow gleiafx aitid hequiitad fmkgrrerobdpandedeparticles 1 0 - 0 6
JUL rises as the releasing proceeds, and the peak ratio of the

pre-expanded parti cf@sspelodeaesns ntihanpatemtsttagahefstandead eldvsatoglodr
than those produced in the initial stage of release. In general, the
product is the paal tatdo 9§ rpelpotethan (r2- ekpdrdethrpiand déestiproditedpdaki ng
fromthe 5 start to the end of the release. Thus, industrially

mass- pr oducadio pohyotethanpi e expanddficpitr to dtablhgpredaceacgjéulzar iratlded i n
peak ratio due to rise of peak ratio occurring with the |apse of releasing
time. |In cagtickds spote ahef dimpnsiomglasivedkpgetand ehepmaldirg dycla largely
conventional pressure release expansion nethod, the standard deviation of
t he peak rafliamgesdun toElarge diffesdnaef irapeoak rati® ofraspestivegnolded afti¢leg t he
variation in peak ratio of polyolefin pre- expanded particles, it may be

ef fecti@e tar shpeakmatioeof poeticnn gf wi meldahiasticltay be attai ned by
decreasing the anount of resin particles charged in a ) i

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 capacity 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



pressure vessel or by decreasing the capacity of the pressure vessel, but
15 such a way has problens of lowering in productivity and increase in
cost. It has now been found that the rise in peak ratio of pre- expanded
particles with the |lapse of the releasing time can be suppressed bﬁ
stepw se or continuously raising the .inqgey tenperature of a pressur SJULHNE
vessel during releasing an agueous di spersion of resin particles 20

i npregnated with a blowing agent fromthe pressure vessel into a | ower
pressure atnosphere without maintaining the inner tenperature constant.
The rate ofriged 55 Nel Nlea SRY precRAIAtaH® the pealdirhyiof 60O (18 -ckFaRdod,
preferably 0.05 to 0.3C, per 10 mnutes, although it varies depending the
kind of regiarticlére propanrsdoin ceiwlilhtanstany diheelebke. isl higher 2hanathosé
tenperature rise is less than 0.03C, the effect of suppressing the rise in
peak rati o papoderedniredhey ititell epge of reRlegasi ng generdls theapeetiyvict is a
obtained. If the rate of tenperature rise is nore than 0.5C the peak 06
JUL 2005 -mikthrerdt polycde®s spid-Rpahded apsaiclés rptoehstatd duiriieg fsond like
variation in peak ratio of the obtained pre-expanded particles becones

| arger.5lt shapt absehbeendf efinthé hadlease.cagtngd, wstngtdall omags-pgediicedhi ch
has an effect of lowering the nelting point of a polyolefin resin, the 5
rise in pegolydlefie pfe-prpatdednoectidlas tisslees lavddwdtiatibapsepedk treeio due
releasing tinme can al so be suppressed by stepw se or continuously raising
the inner tpnéssuf peak ratiyy esQurény edsielthdlspag of etleasimg time aghiecase of

di spersion of resin particles inpregnated wth the blow ng agent fromthe
pressure gedselefinnpoe-@xpameied restivies prodapbdriey wi tonwtntiminal spréassgrehe

i nner 10 pressure constant. The rate of raising the inner pressure is

usual Iy fr asleaseO&fpdrosiOnOmetRad, phefstandhyd fdewiation bfttheOpésk VR0 eonl10

m nutes, although it varies depending the kind of resin, the kind of

bl owi nj0agehe, levehef ekmandidrrcoodeti ons and the like. If the rate of
pressure rise is less than 0.005 MPa, the effect of suppressing the rise
in peak ratio 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 particles 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
preésure atmosphere without maintaining the inner temperature
constant. The rate of raising the inner temperature 1s 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



15 acconpani ed by the | apse of releasing time is scarcely obtained. If the
rate of pressure rise is nore than 0.05 MPa, the peak ratio |lowers with the
| apse of releasing tinme, so the variation in peak ratio of the obtained
pre- expanded particles becones |arge. Exanples of the polyol efi n0bediLn2005
used in the present invention 20 are, ffor instance, a polypropylene resin
such as et hyl ene-propyl ene random copol yner, 1-butene-propyl ene random
copol ynmer, ethylene-I- butene-propyl ene randomterpol yner,

et hyl ene- propyl ene bl ock copol yner or propyl ene honmopol yner; a ]

pol yet hyl enativdeivers weithahel lawse ddnslaasipg ltiree hgo ¢he varsatiomid gresik ratio

pol yet hyl ene, high density 25 polyethylene, linear |ow density polyethyl ene
or et hyl enef thaylbtaim¢dpee-cnoldatkeparipdegbicames patggrent ene; and t he

| i ke. These may be used alone or in adm xture thereof. O these,

et hyl ene- propyl ene fMaddomals® beef BHUNQOB5t i omEseyabvsing bublewing eggnéne
random copol yner, ethyl ene-1-butene- propyl ene random terpolymer and |inear
| ow densi t whichyke&spreeieet ef lowerieg thd helimg peinvt efvp giaiyoleiay resny $hef i n
pre-expanded particles suitable for use in in-nold foam ng are easily

obt ai nefl. FisEhim peakkaladio of peserpandedymardldles prite ébedapsavd thegelqasing
particul ate shape so as to nmake it easier to use in pre-expansion, for
exanpl e, byimeldaimglsorbestippiessed<hy atlepwiBarioeptimuoarsly raifingi§ersncs,
and forming into particles having a desired shape, such as columm, prolate
spheroi d, grhesere ofite poesswret vespel afupng aieled sipgpuel acrRP U di sre B Pl
average particle size of 0.1 to 10 mm preferably 0.5 to 5 mm Ingredients
opt i onal | y rasied pagtigles umpregadted iwdh thetblawingt agsmudram the| pegssure
process agent, nuclear agent, UV absorber, antistatic agent,. slippi.ng

agent and pegsehintoaadoadienressyrel gtmesphar Mathewt marHaining s S8T6F
the preparation of the resin particles. 15 Exanples of the bl ow ? ent to
be i npt@gnguredsine sonptayb| Fie rateseiraiging @reeglwreprﬁsﬁurﬁ@tw&y om

vol atile bl owi ng agent, e.g., )
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, 1-butene-propylene random copolymer, ethylene-1-

butene-propylene random terpolymer, ethylene-propylene block

copolymer or propylene homopolymer; a polyethylene resin such as low

density polyethvlene, 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



an aliphatic hydrocarbon such as propane, butane, pentane, hexane or

hept ane and an alicyclic hydrocarbon such as cycl obutane, cycl opentane or
cycl ohexane; an inorganic gas such as carbon di oxide, nitrogen gas or 20
“air; water; and other known volatile organic bl ow ng agents. Theaﬁi lﬁ.:@l\ﬁﬁ ng
agents may be used alone or in adm xturg pheceof. In general, v al.l

organi ¢ bl owi ng agents such as aliphatic hydrocarbon and alicyclic

hydr ocar bon have an effect of lowering the nelting point of the resin. 25
The amount of the blowing agent is not |limted, and is suitably selected
accor di ng tappldesir eb egneepufpydspansimoiomf copelypuokyokeéhylener &-bweterended
particles to be produced. For exanple, in case of aliphatic and 0 6 JUL
2005 13 alpmmiléese hpdrdmwar bopolymiee @moulihedhdowotiensitys pelyethybdrec taard
fromthe range of 5 to 50 parts by weight per 100 parts by wei ght of the
pol yol ef i n predeinedpdraiincithe. viewphmmtprtbpar pbiyoiebh gresapeoudedli ppetislesn of
polyolefin resin 5 particles, a dispersing agent and a dispersing aid are
used. The sliispklesforgisggeninimoldiftniigpeare essdpahtashédiht | y wat er - sol ubl e
i norgani ¢ conpounds such as calciumtertiary phosphate, basic magnesi um
car bonabe and cal ci ufihe apblyoddfen resimsl dreansugllyofpracsssédicirdnt asdehireds
sodi um dodecyl benzenesul f onat e, sodi um n-paraffinsul fonate or 10 sodi um

a- ol ef i nsul panandate shege: a0 as dospais fgeasitr Thame topreuexBans®y,berused
alone or in adm xture thereof. The anounts of the dispersion agent and the
di sper si ng exdaimpiarly teglting imgextmudies, kheader, iBanbiurymiixareorkimsingblisgrount
of the polyolefin resin particles used. Usually the anmount of dispersing
agent is 1%amMddlarmingt m® particlés hesiiggt apdesired phape, ispokeiaghicodinmrhe
resin, and the anount of dispersing aid such as surfactant is fromQ to
0.5 part byproleteysphemridi spdisirg, oube on reatasgpian peyaligeghreheand drayag: s

by wei ght of
Y ?O an average particle size of 0.1 to 10 mm, preferably 0.5 to 5 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 inte
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



the resin. The aqueous di spersion nmedi umused to prepare the aqueous 20

di spersion of resin particles is typically water. The anount of water is
preferably from 100 to 500 parts by wei ght per 100 parts by wei ght of the
polyolefin resin particles in order to achi eve good di spersion of t §Jf(]jf§ﬂ05'
particles into water. Usually polyolefin gesin particles are introduce

into a 25 pressure vessel together with an aqueous dispersion nediumand a
bl owi ng agent to form an aqueous di spersion of the particles, and

i npregnated with the bl owi ng agent at an el evated tenperature. The 0 6 JUL
2005 - 1 4licygliecdugdnicepboespthefambairtediarephis ichedly seleettédrom thea
prescri bed expansion tenperature and a prescribed pressure in the pressure
vessel . ThengepHsitodQ paper by waighapessl Ak pents by weightefkilredpolyolefin
polyolefin resin particles used, the kind of blow ng agent and the desired
val ue of tlrest paakickeati o sel ected fromthe range of 10 to 60 % so it
cannot be determ ned unconditionally. Usually the expansion tenperature to
whi ch the aqueous dilspdresporpamtiveabvfdni agudmipdesgmnseow of pelydlsiivatestn ed
wi thin the range of about (Tm 20) to about (Tmtl5)C wherein Tmis the

mel ti ngd poipartic®s,of thspeaiiggl egent rasdn apalispetwng bnd case véedsi njha 10
bl owi ng agent having an effect of lowering the nelting point of polyolefin
resi n such daspetsipgagenthircriudashfor onstancey slighthy sradenrsodubleysoerganic

pol yol efin pre-expanded particles are obtained at an expansion tenperature
on a | ower comipobaded suicht s edlcasm tEnbamel phegppeitat DAsi¢ Cmagnesigim
polyolefin resin particles is 15 neasured by using an ordinary

di ff er ent i dlarboaatt agdcedlorumecarbanatls. ad smalbhnnsosk 0d anmadaptargesueh

I nstrunents Inc. as follows: Using 5 to 6 ng of polyolefin resin particles
as a sanpl @s tseditenpeiatasytbenzesiaswdfonates r sadinve to-FRediasulopate er

10C/ mnute to nelt the resin particles, . . _
10 sodium a-olefinsulfonate is used as a dispersing aid. These compounds

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 agueous dispersion medium used to prepare the agueous

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



and after cooling the resin from220C to 40C at a rate of 100 mnute to 20
crystallize the resin, the tenperature is elevated again from40C to 220C
at a rate of 10C mnute. Fromthe DSC curve obtai ned when the second
“tenperature elevation is conducted, the tenperature correspondi ng t 8tk 2005
f usi on peak appearing on the DSC curve ijsqneasured as the nelting point
Tm 25 The expansion pressure, nanely the inner pressure of the pressure
vessel at which the rel ease of the aqueous dispersion is started, is
selected primarily according to the desired expansion ratio, and is 0 6 JUL
2005 - 1 mquanes aispefsiom df €he aeSid plRaicldhés ehdézstedoupatd iz yrascribed
limtation in the pressure vessel used, and any of vessels can be used so
| ong as it ecpandibhsteanskraltarg aessaprescabddti@mmsetuat inahegsrasied vaiseek. A
representative vessel is an 5 autoclave type pressure vessel. The aqueous
di spersi on Tie tekpanasiom teanpércdtase i varesnidegpenping en theekind befd pbiyrglefiat ur e
and a prescribed pressure in the pressure vessel to inpregnated the resin
particl es wiesin pabtiolsisngsead)ehie, kizadof Islomhap agesiteasbthé desrederginesdwhezed
vessel into an atnosphere of |ower pressure 10 than the inner pressure of
t he vesSel pdaloughicasetedtbdcérdmvilng mreeoof HOr éo op@ntngsowitt caarditabret er
of 1 to 10 nm thereby expanding the polyolefin resin particles by
vapori zat i atetefmihed i mmoeguiatiedabiyowi Wguadigntthet expansiarmhetqiopgoa®frien to
pre-expanded particles. In the present invention, when releasing the
aqueous di spkrdi tne atjmeoisndis peesiper ist lneatedf int the pSeprassvesselas seledted
rai sed continuously or in stages and/or the inner pressure of the pressure
vessel is rwitbea themanmgousapoot (Tm-280hte abioutt(fen+ bPW wineagoniTmusedhhas a
mel ting point-lowering effect, whereby the pre- expanded particles of the
present i nueniting privt dBChialethe Podyqlefinoresinnparteclespahecageof i sing af
the present invention

10 blowing agent 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: UsingSto 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 a rate 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



20 have a bulk density of about 10 to about 300 kg/ nB, preferably about 15
to about 180 kg/nB8, 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-nold foam n§b Hheps
pre-expanded particles may 25 be directly used in the in-nold foamng or
may be pre-treated in a known manner, for exanple, by introducing an

i norgani c gas such as air or nitrogen gas into the pre-expanded particles
under pressure to inpart an 1 6 - 0 6 JUL 2005 expanding ability to the

pre- expandegneaally ¢t@a PO &5 SLOMPAl ing themin a nold, or by filling the
pre-expanded particles in a nold in the state of being conpressed.

Production of foanedrieste & 69 paaimilae 1paitaeief in theepmysandedssel paved, cl es
of the present invention is carried out, for instance, in accordance with

a conventi el ang-dloldbsedaahndodreisbddso nhg hklit ognt Withspird ekeaprissures
particles in a nold capable of closing but incapable of hernetically

seal i ng, heaid ngerhperparresclags rtel albweat | NGy NnRgiresentative exesyell ejs haat i ng
with steam of a pressure of about 0.05 to about 0.5 MPa 10 for about 3 to
about 39 seantediave Ydeupteddiamdeagel.her, cooling the nmold with water to
cool the resulting nolded article to the extent that the nolded article

t aken out of the nolTheagueeouy dispeisidnfsfothedsdsinmpargiclesiimlheptad g tche
nold to obtain the cellular nolded articles. In an enbodi ment of the

present i nyaestcrbedftempeaiuire and b ptdseribeet progyurena then goessopoigseal,
1- but ene- propyl ene random copol yner, ethyl ene-1|-butene-propyl ene
t er pol ymer tor ithppegiatedvtiensediy padigleshwline itdoping esgmad, byndnisethender
into columar resin particles having an average dianmeter of 0.5 to 5 mm
The resin patddsedesont the prasgedzedvessal into acl amosplyetdef lonwahpressiire00
parts by weight of the 20 resin particles, 5 to 50 parts by weight of a
bl owi nh0agdhiarns tleé ianeprprasere duthaoespehtihna,gle s oriftteokiayengrorg ©or 0. 1
to 5 parts by weight of a )
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



di spersi ng agent such as calciumtertiary phosphate, 0 to 0.5 part by
wei ght of a dispersing aid and 100 to 500 parts by weight of water. The
resulting dispersion of the resin particles is heated to a tenperature of
25 (Tin - 20) to (Tm+ 15)C wherein Tin is the nmelting point of t[tﬁe
polyolefin resin particles used, and i % fpressurized to a pressur ch 400§ o
5 MPa by optionally introducing the blowing agent or the like into the
pressure 0 6 JUL 2005 1 7 vessel, whereby the resin particles are
i npregnated with the blow ng agent at such constant tenperature and
pressure. Erhpaaduepudiliti spdhsipre-okpahded gEntihes piridretd filppgdharednvid t h
the blowing agent is then released fromthe autoclave to a |ower pressure
at nospher endidgughbs Ghmg therpre-oxpmided penticlgs anda apel@inothe state10f mm
During the release of the dispersion, the inner tenperature of the
aut ocl ave bsimgtrtommmiastsadned constant, but is el evated stepw se or
continuously at a specified rate. In case that the bl ow ng agent used_ has
an effect of | ower iRrgdustioneof foagnedanticlss from thespalyolefan prResxpandedr e
el evation 10 procedure is also adaptable as well as the tenperature
el evat idn particksurad. thiee present pirssmitan ofs terrTHg oeVhy dOT sin$tapstedin
stepwi se or continuously at a specified rate during the rel ease of the
di sper si onacc@hdance hveithoh yosinventionad - expeidefrasaing enethast, brdlbing ghe
i nvention are obtained. 15 In conventional processes for preparin
pr e- expand pae-grpanddd parntindes inea mﬂ’réeﬁapag@ Shcleping ﬁﬂteég%ﬁag\‘e Ohe
pressure vessel such as autocl ave are generally_ maintai ned constant during
rel easi ng hieemetigadbu sedlingerhsasingftheepRAtiglest Wéthe he@ﬁ%r%&énﬁa’é‘g?urf@r
vessel. In contrast, in the process of the present invention th§ é@@ﬁ;

;

t enper at ur exemple, hisatingneithpstessn of agprassirprd by Q059 abqut
(ri 56 T pdok aboatisbfo A 50 6aPandsy fhautnihPe) bRshelnchelpE shanFaA o
grve pres 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



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 |arge such that é) e
standard deviation of the peak ratio is not less than 1.5, so the gtjmmﬁﬂﬂﬁ
nol ding cycle of in-nold 1 8 - 0 6 JUL 2065 _foam ng |argely changes and
the di nensional stability of the obtained in- nold foaned articles is not
good. In contrast, the polyolefin pre- expanded particles of the present

i nvention can be subjected to the in- nold foam ng w t hout these problens.
It is possivdssel,owisrkbynlse cesin mauicies aiuc tinpreghhted withghhe chivgag n
opti mum nolding cycle to provide in-nold foanmed articles the dinensional
change of wigerit iat \wrgh sémsgamtevemperapnoduard yrdesuranstBhe pgo@doctsi on
conditions. The present invention is nore specifically described and

expl ai ned bispessisnobf ¢kanpisés pardictesparmepneted anhethe ibhowing ragenlt is10
parts are by weight unless otherwise noted. It is to be understood that the
present i nvdren orleased froravidne dutidad toadowey priessare sanpisgphererthirbagh
exanpl es, evaluation was nmade according to the follow ng nethods. (1) Peak
rati o ASparanelor viongobpeheigs havengxpahdetttpardfli ¢l 5 Masnsubj Botrang tthe 15
differential scanning calorinmetry by using a differential scanning

cal ori met erreheaid oD3IBecdBPpemrsida, MheSeitar termpevnavmesof the antbclavevatriaoty
the tenperature from40C to 220C at a rate of 10C/ m nute. As shown in Fig.
1, tangent mametainede conatent,r bmtt fe alevatedmstepwiseA af comitvndasin ladcat ed
bet ween two fusion peaks appearing on the thus 20 obtai ned DSC curve toward
t he hi gh t espmificdreatei ddnandst tddtothe tldopingt agentsiukedvihas @es pélect tef t he
DSC curve. The quantities of heat corresponding to the shaded portions
encl osed bylowesimstheumreltingl padat rolothe heesian imnerproseudefs ¢lezdatian t he

heat of fusion of the low tenperature side peak and the heat of fusion
Ch of #fe Hygle efgt alsp 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



25 side peak. Fromthe heats of fusion @ and Gh, the ratio of the heat of
fusion Ch of the high tenperature side peak (peak ratio) was obtained
according to the followi ng equation: 0 6 JUL 2005 - 1 9 Peak ratio (%9 _

[/ (Q + )] x 100 Wth respect to a sanple of polyolefin pre-eﬁga‘lﬂggﬁi
particles for determ ning the standard jdgvi ation of the peak rat¥®, 05

particles of the pre-expanded particles were randomy taken out of a bag
of the pre 5 expanded particles which was randonly sel ected from a nunber
of product flexible containers obtained fromthe sane production batch.
Each of 50 fpreiagpandely granged endwdreedpmensihdlretabdityhefethd bkeaifednm-
whil e heating in a thernostatic chanber of 60C, allowed to cool at room

t enper at ur enaid fubhedt edtitlest e mebsgoeihrentn tOnTtrest) pdak payotefof pre-
product” shown in Table 1 denotes the average value of 50 particles. The
"rise in pexparaddd pairticlashef thpseresknt eheastiog tanee shdjecteidntddbkeen- was
cal cul ated based on a difference in average peak ratio of 10 sanples

bet ween a puolojd| &famimg ewsttpandadhesar tirobéemesl eadediss prssibles t05 pdrierm
starting the release and a polyol efin pre-expanded particle released 5

m nut esSbhefaorgifnioiis ipnoghudimn stidasesligh?) civehge ng quimmumhmohding eyrclpdiont
was neasured by using a differential scanning calorinmeter nodel DSC 6200
made by Seijxwovide tinumeld Soamed agiclesithg dinhensiomal changeyof shiahrigstery
particles as a sanple, the tenperature was el evated from40C to 220C at a
rate of 10Glightuteent f preidudedeundesiconstant predycting erfnditiossol i ng t he
resin from220C to 40C at a rate of 10C/ mnute to crystallize the resin,
the tenperature was ‘Ehevarestrtgdnmentivomigomans 2p@cCifigally rdescroped and

10C/ mi nute. Fromthe DSC curve 25 obtained when the second tenperature
el evati on vexplavmtlibyeseaniseof examples and comparative examples, in which all

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 QI of the low
temperature side peak and the heat of fusion Qh of the high temperature

25 side peak. From the heats of fusion QI 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:




tenperature corresponding to the fusion peak appearing on the DSC curve
was neasured as the nelting point. 0 6 JUL 2005 20 (3) Expansion ratio The
wei ght w (g) of about 2 g of dried polyolefin pre-expanded particles was
exactly neasured, and the particles were immersed in ethanol to rua@gm;?ﬂ%
the volunme v (cm) of the particles fromtfe increase of 5 the volune o

nmet hanol . The expansion rati o was cal cul ated according to the foll ow ng
equation wherein d is the density (g/cnB) of polyolefin resin particles
bef ore expansion. Expansion ratio = d x v/iw (4) Cooling time of nold 10 In

mol di ng of polyol efin pr@eakpaniteopar[Qic/(€d + Q9] ROI® after heating the
pre- expanded particles to fuse themtogether, the nold was cooled with
water. The tine requittdrégpedthe fresspleodpoldefinl siedexpahidetepsrtidlase

agai nst the nold surface (foam ng pressure) to decrease to 0.05 MPa was
measur ed agof detemhihieg@othangtdnd®rd tevidteos tefpthshpedk reqio,r &8 paeidlongést
time in the in-nmold nolding of pre-expanded particles is a step of cooling
the nmol d withb pvat-expan&edgeartivde < o@rengridomiyt edlgat yutasl 2 batepémbe ngreon
the quality of the pre- expanded particles, variation in nolding cycle was
eval uat®d kapathded tgarticles iwhicdn was nrademdy | sxjetiote fasoprali mgnileert oé
followng criteria wwth 20 respect to production of 100 nol ded articles.
0: Differ emredoet WRexibldh eoshairiarst obtaihiedgfriomettandanhe prantesiorn dmtichg
time is less than 10 %with respect to the average cooling tine. A
Di f f er ence Brethwed 5O hereséopdeded quaiticigs twere anelsddie ihthgesheetdikdenfprmi ne
Is not less than 10 % and |l ess than 20 %wth respect to the 25 average
cool i ng ti mehilXhealirfd ar enterbeiatatce ¢hrendeordf &3°C; adlawed ttbnmd red rideen
| ongest cooling

temperature and subjected to the measurement.

10 The “peak ratio of product” shown in Table 1 denotes 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 S
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.



time is not less than 20 %with respect to the average cooling tine. 0 6
JUL 2005 2 1 (5) Dinensional change Wth respect to 100 i n-nold foam ng
products obtained by thermally nolding polyol efin pre-expanded paﬁéi ﬁll.es
in a nold, the dinmensions of the nolded articles were nmeasured in {EL 2005
| ongi tudinal, 5 transverse and thicknes directions. Variation in

di mensi onal change was eval uated according to the following criteria: O:
D fference between the |argest dinension and the snallest dinmension is

|l ess than 3 %with respect to the average dinension 0: D fference between
the | ar gest(3iipxggion aadid he smal | est dinmension 10 is not less than 3 %
and less than 5 %wth respect to the average dinension X : D fference
bet ween the |argest Theensight vafg shebosuall gef dtietepsiyolefinsprestxpandedhan
5 %with respect to the average di nension 15 Exanple 1 To 100 parts of

et hyl ene- prtictes wasdexactdp ongasurédelarichghep panticle$3 vedde BMnrfexgetid in

m nut es) was added 0.01 part of talc as a nucleating agent. The resulting
m xt ure wasetkaeaded rhyasu@dthemvolirhayl (enst béthe partidkrs fnth tioe ipdréastm!
resin particles having a weight of 20 1.3 ng/particle. A 14 nB pressure
vessel Bas ttheavgemnaidfhmt®Ranel.t sSThé expansi@simatisamasctalenl e pacexdiog an
aqueous di spersion nmediumcontaining 2.0 parts of powdery basic cal cium
tertiary phestiatfellasing dicgpeicn nghergand ianthe) dehspar {g/afmYodi pwlyolefin
n-paraffinsul fonate as a dispersing aid, 25 and 18.9 parts of isobutane as
a bl owi ng ageit pafFhielésnbefortemparatione of the vessel was elevated to

136. 6C. The pressure inside the vessel was then adjusted to 2.11 MPa by

i ntroduci ng i sobutane to Expansionetativtid e ©/® JUL 2005

(4) Cooling time of mold

10 In molding of polyolefin 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.

(: 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.



2 2 adjusting the inner tenperature and inner 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 pressure vessel was opened and the ggqyls%h'g
di spersion nmedi umwas rel eased together with the resin particles 5 into

at nospheric pressure through an orifice gplate having openings therein of
3.6 mmdianeter to give polyolefin pre-expanded particles. The releasing
time was about 80 minutes. During the release, the inner tenperature of

t he vessel was kept constant for initial 10 mnutes and, thereafter, the

I nner tenpdbaDineenvgisnaachadgby 0. 2C and kept constant 10 for 10 m nutes,
and was further repeatedly raised by 0.2C and kept constant for 10

m nut es. The tenper aMitle meispecbper A0Doin-masldc ratuit g dpradud ss bagaisedn by
total, and after raising the inner tenperature by 1.2C with respect to the
i nitial innéertreaipermoldimgtpdlipeldfimepid-espantedg pelnbclted aase miohe, rtdleease
was conducted at a constant tenperature. 15 The properties of the thus

obt ai ned pdiyst¢esionspob-thepandédd aaidtles|weramaeasared iin Tabllengitutheal,

pol yol efin pre-expanded particles were placed in a pressure vessel, and

al | owed5t o shasdefser add hioicknassddireationisr Pragsstior inoditehsifaal charger to
I npart an expandability to the pre-expanded 20 particles. The pre-expanded
particl es vweae evhbmafed hdecbriding tbl thekfollpdnghaitemp:a si ze of 290 x 270 x 40
nmm and heated with steamof 0.25 MPa for 8 seconds to fuse them together,
t hus gi vi nd_k:Diffardntedetdeant thel kggestithenespeand: the emaltestodignénsiond
articles, variation in cooling tine and variation in dinensions were

eval uat ed. Thesressithandd & atitlo respert inth@Evardgedimeggiompl e 2 0 6 JUL

2005 2 3 The procedure of Exanple 1 was repeated except that 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 2.11 MPa by introducing isobutane to the vessel. While



I nner pressure of the vessel was raised stepw se during releasing the
aqueous di spersion nmedium containing resin particles instead of raising

the inner tenperature. During the release, the inner pressure of t 63
vessel was kept constant for initial 10 m nutes and, thereafter, t J'lnmﬂﬁ
pressure was raised by 0.02 MPa and kept2 gonstant for 10 m nutes, and was
further repeatedly raised by 0.02 MPa 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 atadjbetinigrthoinsenteinpgrahere ahdasmert peesseiresafetheayesednauched at
a constant pressure. The results are shown in Table 1. Conparative Exanple
1 15 The prioadihg eofothExeested dndathe épeenda-téom eplt isdlagtarie gasanarvalve
tenperature and the inner pressure of the vessel were kept constant during
rel easi ng tprovatgdots adlewer pam ok dhenprossutienvagselhwase spsnegaanidc (ths .
The results are showmn in Table 1. 20 Exanple 3 To 100 parts of i

et hyl ene- prapy@medispetemrc opslivme waswsleaseyd tggsither with slee repinpartigles

m nutes) was added 0.01 part of talc as a nucleating agent. The resulting
m xt ur eSwadnkoeattedsphesicoPraasurs i thgbughc e arfiea tenbayBrgSeRPSTHIES
resin particles having a weight of 25 1.8 [particle. A 14 nB pressure
vessel was thiezeigedindtth moo dametepftot give podyolehar preiexparslyl marticles. an
aqueous di spersion nmediumcontaining 0 6 JUL 20_ 24 2.0 parts of powdery
basi ¢ cal cithe relegising tiph@smﬁaﬂboal;f,%& mispses nPuripg the fsdeasgghgannest
sodi um n-paraffinsul fonate as a dispersing aid, and 8.0 parts of isobutane
as a bl owi rgmpematurgns thnsessadnpes tanteconstapidoydpiidal JQsmEnaigE &'%:0

146. 0C. The pressure inside the vessel was
thereafter, the inner temperature was raised 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 polyolefin pre-expanded particles were placed mn 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.



5 then adjusted to 1.54 MPa by introducing isobutane to the vessel. Wile
adjusting the inner tenperature and i nner pressure of the vessel by the
heati ng of the vessel and the introduction of isobutane gas, a val vﬂe
provided at a | ower part of the pressure vessel was opened and the ﬁa#ﬂe&lﬂ&
di spersion nmedi um was rel eased together2wgth.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 about 120 minutes. During the rel ease, the inner tenperature of
the vessel was contiThoysiogedarsed &xaanpht d ofag) r2feptad Hxcept niitadstheéf t er
raising the inner tenperature by 2.0C with respect to the 15 initial inner
t enper at ur égnatr thressiame of tis¢ ardsisel whe meahstcpwire hiragereleasingothieict ed
at a constant tenperature. The properties of the thus obtained polyolefin
pr e- expandediugoard didpes sare nxdvbvm icorifainiagiresthepagrtioles ahsteant of exisamged
particles were placed in a 20 pressure vessel, and allowed to stand for 20
hours underthanimier perapevatureof DupingPahe redealss, the inpar tprassexpavidéhe| ity
to the pre-expanded particles. The pre-expanded particles were then filled
in a bl®ck veskel whavkepy corsstaatdbr 200iad PY nindi@srand athiersadterd the thner eam
of 0.35 MPa for 10 seconds to fuse themtogether, thus giving in-nold

f oaned art ipressur@wad rdiseddpe 6102 MBaGidh kept donstant fer d Ocmasutesmrandi on
in cooling tinme and variation in dinmensions were evaluated. The results
are al so shwam fumthéiabepedtedly sraisad Juy A.0@85MPa axdnktert £onséapt deedlPe of
Exampl e 3 was repeated except that the inner pressure of the vessel was
rai sed durimiputdseadihmpréssurquest spetiidpe veapaongucted voft stiagesdnrtetah
particles instead of raising the inner 5 tenperature. During the rel ease,
the inner prebaltes raisingetheciswr 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 releasing the aqueous dispersion medium containing the resin

particles. The resulits are shown in Table 1.

20 Example 3

To 100 parts of ethylene-propylene random copolymer {melting
point 146.5°C, Ml 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



continuously raised at a rate of 0.02 MPa per 10 m nutes, and after

raising the inner pressure by 0.20 MPa with respect to the initial inner
pressure at the time of starting the release, the release was condl§tiyp

a constant pressure. The results are shown in Table 1. 10 Conparative
Exanpl e 2 The procedure of Exanple 3 wa® nepeated except that the inner
tenperature and the inner pressure of the vessel were kept constant during
rel easi ng the aqueous di spersion nediumcontaining the resin 15 particles.
The results are shown in Table 1. Exanple 5 To 100 parts of linear |ow

density pol3.6t patenefl Euetvdenygbpsintaldddn Gertiy Phyispitatei astes)ispersingded
0.01 part of talc as a nucleating 20 agent. The resulting m xture was
kneaded by agedl amd Bi0%gipars of eedinim udgaraffth $wifomatd asoa rdisparpagt asl,es
having a weight of 1.8 ng/particle. A 14 nB pressure vessel was charged
with 100 pamd 8ob pares of exitntparet is beslowdng agemts Theamraputesopehtsyeradi on
medi um containing 25 2.0 parts of powdery basic calciumtertiary phosphate
as a di sperthienessgtwasnettvated toat 464°Godlenprepsved finsislel tlomaesselswas
dispersing aid, and 18.7 parts of isobutane as a blow ng agent. The inner
t enper abur ¢hgnadjulstedas 1.54MPa oy intredueingisolustarietathe vessali4 WhlleThe
pressure inside the vessel was then adjusted to 1.78 MPa by introducing
i sobut ane taxljulstingetseinnghittmpesdpast ang irmer pragsurenpletha vesselny ithger
pressure of the vessel by the heating of the vessel and the introduction
of isobut artecating of vheveesebrand dthe antzpdwstion pef dseputane @asssarealygssel
was opened and the aqueous dispersion nediumwas rel eased together with
the resin Rrovid¢@dsat anleowar masphef itheppeesante vaseelgHam operrdcans dhe
havi ng openi ngs
J P aql.?eous dispersion medium was released together with the resin particles
10 into atmospheric pressure through an orifice plate having openings
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.



therein of 3.6 mmdianeter to give polyolefin pre-expanded particles. The
rel easing tine was about 120 m nutes. During the rel ease, the inner 10
tenperature of the vessel was continuously raised at a rate of 0.05C per
10 minutes. After raising the inner tenperature by 0.50\Mtf1respecgag9L2M5
the initial inner tenperature at the-ti @bof- starting the rel ease, the

rel ease was conducted at a constant tenperature. The properties of the

t hus obt ai ned pol yol efin pre-expanded 15 particles are shown in Table 1.
The pol yol efin pre-expanded particles were filled in a block nold having a
size of 290 x 270 x 40 mm and heat eElxampiest eam of 0.09 MPa for 10
seconds to fuse themtogether, thus giving in-nold foanmed articles. Wth
respect to 100 i n- ndhe fryaseduse tofc Eeampler Batwam repeatssl iexgerd thatethdd
variation in dinensions were evaluated. The results are also shown in
Tabl e 1. Esanpt epm@sshee piothedweasset wampised darng eppdeasi e Koo RIUERMS t he
25 inner pressure of the vessel was raised during rel easing the agueous

di sper si on dispenser anediumnnepnt@dningresingpagidqles trsieask of raising thaanngher
tenperature. During the release, the inner pressure of the vessel was 0 6
JUL 2003 2empegetarquoliiring sheeeleaser thet nmer Pro3syrm opdhelvesfhichvas,
and after raising the inner pressure by 0.10 MPa with respect to the
initial ineentirpaeysiyr saisedt ak a irate off étQﬁ tYRg phe }e|mamates,nandepligEe
was conducted at a constant pressure. The results are shown in Table 1. 5
Conpar at i vaalingpihe STere presvetuby GROEM DMt rgspert je dbedinalige pRneRat
the inner tenperature and the inner pressure of the vessel were kept
constant dUEPAgre at the timge ohstaiting the srlspae sihsralgast st nricd dte

resin .
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.

Exampie 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 particles 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



10 particles. The results are shown in Table 1. Exanple 7 To 100 parts of
et hyl ene- propyl ene random copol yner (nelting point 145.0C, M 4 g/10

m nut es) was added 0.01 part of talc as a 15 nucleating agent. The
resulting mxture was kneaded by a 90 mmt single screw extruder andﬂﬁqg[ngm
into resin particles having a weight .of 2 4.8-ng/particle. A 4 nB pressure
vessel was charged with 100 parts of the resin particles and 300 parts of
an aqueous di spersion nmediumcontaining 2.0 20 parts of powdery basic
calciumtertiary phosphate as a di spersing agent and 0.05 part of sodium
n- par af f i nsflthenaseckhwaa aésptedsionyl 4i03C. THhe pressuncamsédethe acsseliwas
vessel was elevated to 154.0C. The pressure inside the vessel was then
adj ust ed t dh2nssdjMBaedyoilnTBAdRai ygiratrnidticoye isolyetangstaatiig vosse). adéhtlet o
the vessel. Thereafter, while adjusting the 25 inner tenperature and inner
pressure ofadjhetingsge iyer bemipeaaiung ahdtinmervpesssarand theevessaldauéheon
of nitrogen gas, a valve provided at a lower part of the pressure vessel
was opened headingefative owssdl sared situn int®Ati@ood isobutansdigas, wasvalve

rel eased together with the resin particles into atnospheric pressure

t hr oughS an movidesk ail at bowew ipart opethagpressarrei nesselawasnepencdneng: the

gi ve pol yol efin pre-expanded particles. The releasing tinme was about 40
ni nut es.  Daquepusheisperswsemeadium masreleassst tngethepivitinghe rosigspartigles
continuously raised at a rate of 0.2C per 10 mnutes. After _raising the

i nner t enpénto uatmbspbeaC wresswrss gheough ame drifiee gplate nbaving RRATENEFe at
the time of starting the release, the rel ease was conducted _at a constant
t enper at ur éheTeia of cpér mhas ddameter ttou givsh Palyriafipopyeieamandsc RarbisHied
10 particles are shown in Table 1. The pol yol efin pre-expanded part.cles
wer e pl acedhareleasing time was about 120 minutes. Durnng 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 S 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




pressure vessel, and allowed to stand for 20 hours under an air pressure
of 0.2 MPa in order to inpart an expandability to the pre-expanded
particles. The pre-expanded particles were then filled in a block nold 15
havi ng a size of 290 x 270 x 40 mnm and heated with steam of 0.40 (NPl 1005
12 seconds to fuse themtogether, thus ¢ ¥ing in-nold foaned articl es.
Wth respect to 100 in-nold foanmed articles, variation in cooling tine and
variation in dinensions were evaluated. The results are also shown in

Tabl e 1. 20 Conparative Exanple 4 The procedure of Exanple 7 was repeated
except t hatcarkenupnskbyr raiasngraatalr@tan@np Oneli MiRer peretQurrangite$,hange afier
were kept constant during releasing the aqueous dispersion nedium,

cont ai ni ng teheingethe inA6r paessuredy Thd MBalwdharespeiedbie ihe Taisiad inneg 6
JUL 1005 29 Cdctl . 'O fUIOU w.CwCbyc6NOO}, 00000 O
0 O 0 0o Wedsweattheytime of stantingthe vgleage, the celegse wagiconducted at a

constant pressure. The results are shown in Table 1.

Comparative Example 3
The procedure of Example 5 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

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 charged 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
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medium was released together with the resin particles into atmospheric
pressure through an orifice plate having openings therein of 3.6 mm
diameter to g?ve polyolefin pre-expanded particles. The releasing time
was about 40 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 0.6°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
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
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.

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

particles. The results are shown in Table 1.



0

0.0 0
'8)5'H3Lt2005
U CO

<k XXX XXOXOXO0OXO

awWWa W
N-2¢g~ _0.cz Cdia,

NONUOONNOONCCCCCCCC NUNU1L 4 CNCL. U Ed MSte".
O0OO0OO00O0-

0O0<~+U QO U bn0OO0ODO0OD0O0OO<xxaxXx0 0 U O0O0,do0O

X WWWWWWWU WU WU WC 0 6 JUL 2005 30 00 au x< X ct O
V) 0 co co co u)

.cuo,cu.cccCcwwWww-

- PANUNUQCD -

0 0 sed ‘N JawAjodos wopues susjddoid-auaiAyiyg WEMM
0 0 aueINqos] auajAylaAjod £31SUSP MmO JEIUI] mﬁww
¢ X4
0 0 sueInqos] 1surAjodoo wopues sauajAdord-auaidyiyg ‘1on
0 0 auBlINqoOS] JowAjodoo wopuel susjAdord-susiAyly .ﬂEMM
0 9'0 sed N 1owAjodod wopues susjddoid-auaiAng £ XJ
01°'0 0 oUEIqOS] sualAyloAiod AJISUIP MmO[ IB2UT] Q "X
0 S0 2UEBINQOS] aualAyleA[od AJISUIP MO] IBdUT] G 'XJH
0Z°0 0 aueInNqos] Towkjodoo wopuel ausjAdoid-sua[Ayid + ‘X4
0 0e auBINqos] Jowd[odoo wopues sudjddord-ausiAyig ¢ X3
z1°0 0 aueINQqoOS] Jowfjodoo wopuer susjddoad-ausiAyly 7 XA
0 o1 auerINqos] Towdjodos wopues ausjAdosd-susiAylg 1 ‘X4

(edin) (Do)

duises|aa jo ade)s
[euy pue age)s
TenIUl usamjaq

IDUIIDJIP 2INSSald

Buisea[as jo a8e)}s

[eulj pue 28e3s [erjiul  jusde 3umolg

u229M33q DUIIJIP
aimjeladwa],

uIsal ulaoA[od




OuU +~+ ~t0ab-+~NV) NOOO~CO 0O- MMM/O'" CCONNGOC COco co
co NNcocoN cCU Oczy ~4n NOO OcoOOL OO0 NC'" 3 ,~-+NNDO
--~NvScouS OUW OW"t MO MO0 OO NNN N' co'-+ NCOco co mC
XvbWUNCcolt v) 'oNNdcolt D<kkkkkkOokOOKkOk 0t
WWWU WU WU WU WO 6 JUL 2005 3. 13Bromthe results shown in Table 1,
it is found that the polyolefin pre-expanded particles of the present

i nvention obtained in Exanples 1 to 7 which have a snmall variation in peak
rati o, have the advantages that the variation in nold cooling tine in

nmol di ng processiilng 5 is sqall and the variation in dinensions of c¢ellular
nol ded articles ©
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prepared therefromis also small. In contrast, it is found that the

pol yol efin pre-expanded particles of Conparative Exanples 1 to 4 prepared
in a conventional manner have a large variation in peak ratio, and the
variation in nold cooling time and the variation in dimensions of 0BL0UL 2005
cellular nolded articles are large. In &ddition to the ingredients used in
t he Exanples, other ingredients can be used in the Exanples as set forth
in the specification to obtain substantially the sanme results. 3 2 - 0 6
JUL 2005 WHAT WE CLAIMIS: 1. A process for preparing pre-expanded
particles of polyollfdm tlesiresudtprilsiwng tmelTablepd ,oft dhafogindy oty dhefin
resin particl an aqueous dispersion nediumcontaining a dispersing agent a
opti onal | y polgolefier siragsaahdeahpa thilemioigtlag@resent dnpestisor ebyagted in
heating the resulting dispersion with stirring to a prescribed pressure a
a prescri bétkdrappes dt tio € twhicip heyeas esrmalldvaestionpan tpedlesatio, thave the

bl owi ng agent, and rel easing said dispersion into a | ower pressi )

at nospher e ddvarttagebyhexphadasaitiompan tholdspolahgrtgine irhmalding psepesangr e
of said pressure vessel is raised stepwise or continuously a rate of 0.03
to 0.5CGperis 18mmlhues ther ivagition riel edigengdons pf oxdbdaf omoldegaartigles
pre-expanded particles of polyolefin resin conprising the steps of

char gi ng porepheéd nthersfromaig iadso smallhqubousontiragtr 3t da fmurdinthainitheni ng
a dispersing agent a optionally a dispersing aid, and a bl ow ng agent

havi ng an gidlgalefinl guea-erpatdedngartioteparfntComnpeartivpoBpsiraplaes rbstd #in a
pressure vess heating the resulting dispersion with stirring to a )
prescri bed prepssed enaa comvendiurdlbednrerpeare @ large vamadghanepsakdatisin
particles with se blow ng agent, and releasing said dispersion into a

| ower pressand the vaspiior inonphkbrepyngtimandndithe yariatiordn dimgrsians

i nner presst of said pressure vessel is raised stepw se or continuously at
a ratel0 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.



0.005 to 0.05 MPa per 10 minutes during the rel ease.
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WHAT WE CLAIM IS:

1. A process for preparing pre-expanded particles of
polyolefin resin compris'ing the steps of charging polyclefin resin particl
an aqueous dispersion medium containing a dispersing agent a
optionally a dispersing aid, and a blowing agent in a pressure vess
heating the resulting dispersion with stirring to a prescribed pressure a
a prescribed temperature to impregnate said resin particles with s:
blowing agent, and releasing said dispersion into a lower pressi
atmosphere to thereby expand said particles, wherein the im
temperature of said pressure vessel is raised stepwise or continuously a

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

2. A process for preparing pre-expanded particles of
polyolefin resin comprising the steps of charging polyolefin resin particl
an aqueous- dispersion medium containing a dispersing agent a
optionally a dispersing aid, and a blowing agent having an effect
lowering the melting point of said polyolefin resin in a pressure vess
heating the resulting dispersion with stirring to a prescribed pressure a:
a prescribed temperature to impregnate said resin particles with se
blowing agent, and releasing said dispersion into a lower presst
atmosphere to thereby expand said particles, wherein the inner presst
of said pressure vessel is raised stepwise or continuously at a rate

0.005 to 0.05 MPa per 10 minutes during the release.



