WD 02/ 094916 PCT/ KRO2/ 00915 PELLET-TYPE FOAMS OF NON- CROSSLI NKED
POLYPROPYLENE RESI N HAVI NG LONER MELTI NG PO NT AND PROCESS AND DEVI CE FOR
PRODUCI NGVvOHE/0SAME AND MOLDED FOAMS THEREFROM 5 TECHNI CAL PEITERD2/DMESpr esent
invention relates to a pellet-type non-crosslinked pol ypropyl ene foam
having a nelting point of 125 C to 1401C, a process for producing said
foam a device for realizing said process and an article nolded fromsaid
foam i0 BACKGROUND ART Due to its excellent nechanical strength and

cushi oni ngPBLBEF-TY BE, FQAMS DIpNONHCRQSSIEENKEDROLY PRORELENFSBESEY a
packaging material, a building material, a heat shield material and the

l'i ke. HoweveHAVENGASOWER MERTINGEPOBSTAND FROCESSANDDEYIGEFOR | ow nel t
viscosity and is difficult to cross-link, it has hereto been quite

difficult to oprEyPUCINGETATISANEADIY VSO LPFIS FOANISOMHERERROYPT 0py| ene.
US patent No. 5,527,573 (issued June 18, 1996) discl oses extruded

cl osed-cell polypropylene resin foam and several nethods for producing
said foam The foamof the US patent is in a plank form and has a m ni nal

Cross-segt. f about 5 x 2.54 square centineters, a m ninal

t hi ckﬁes?ﬁb&%cgiﬁﬁﬁﬁrlﬁet ers and a density of about 5 20 pounds per a
cubi c foot. Th(—i_ formand pr.o erlties makl it difficul.t %@p | d tlhe tfoaminto
desi red shaped [4f PTSPHdavanEop Selatss tog pelietsepe noprerpssbinly %QTPPY 7% °93800)

di scl oses a foaned pol ypropyl ene resin particle useful faor nolding a
foamed, meviasa neltingpeinballZy C et MO of Prresp &or nTgduding dan3svise for he

f oamed pol ypropylene resin particle is prepared by grafting a vinyl
conononeredligingohidmross embar asicke melded thwsatddofmr m t he 25 nodi fi ed
copolymer resin particles and foam ng the nodified copolynmer resin
particles. 1 WO 02/094916 PCT/ KR02/ 00915

10  BACKGROUND ART
Due to its excellent mechanical strength and cushioning properties, a
polypropylene resin foam is widely used as a packaging material, a building material, a
heat shield material and the like. However, since polypropylene has a high crystallinity and
a low melt viscosity and is difficult to cross-link, it has hereto been quite difﬁcult to obtain
15 ahighly expanded product from the polypropylene.
US patent No. 5,527,573 (issued June 18, 1996) discloses extruded closed-cell
polypropylene resin foam and several methods for producing said foam. The foam of the
US patent is in a plank form and has a minimal cross-sectional area of about 5 x 2.54
square centimeters, a minimal thickness of 12.7 millimeters and a density of about 5
20  pounds per a cubic foot. Thé form and properties make it difficult to mold the foam into
desired shaped articles. US patent No. 6,05i,617 (issued April 19, 2000) discloses a
foamed polypropylene resin particle useful for molding a foamed, molded article and a
method of preparing the same. However, the foamed polypropylene resin particle is
prepared by grafting a vinyl comonomer to polypropylene resin particles to form the

25 modified copolymer resin particles and foaming the modified copolymer resin particles.
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US patent No. 6,077,875 (issued June 20, 2000) discloses foaned and
expanded beads of a pol ypropylene resin for nolding prepared froma

non- cr ossworkeskops opyl ene- et hyl ene random copol yner. The pCoamed/obaads of
the US patent has an open cell content of at nost 40% nost preferably 25%
and has a nelting point of at least 141'C. 5 DI SCLOSURE OF | NVENTI ON A
non-crosslinked polypropylene resin is advantageous as it can be recycled
and the pellet-type foam produced fromthe resin can be easily nol ded.
However , UShiaters INaet6;077y836 (svech Joie 20,2080 discaggh feameduandorxpafdedipeads of a

non- crossllnked pol ypropyl ene resin contains 10 open cells to no smal

ext ent apdyplopylens mesial fos smolig iptepappdadbinc abhda-trpsslibhed pedpydénetetivdedcoam
must contain a great anount of closed cells for nechanical strength. It is

onl'y JSPrandefPéipalynei. THe fdaRad bbdds @FIROUL pmﬂt W dnthpleh @bl sogeMSTiab oyt
comercially produces a pellet-type foamfrom a non-crosslinked

pol ypr opyhen / i that the pellet-type
M{)‘? &oﬁﬁ%’ofé{/ u OW)’ Ghd h?@h hfeﬁh%g ﬁo?nt JFEERANI 48T

non- cr oss pyl ene foam | ower nmelting 15 point are highly
val uaple owing to its easy nol di ng and excellent recycling, a pellet-type
non- cr ossl i nked pol ypropyl ene foam having a nelting point of 140 C and | ess

has not r refore, an object of the present invention
isto prﬁéggmﬁl(g?ﬁ%{ ypropyl ene resin foamwith a nelting point
of 140 C or |ess which js%froduced froma, 20 non-crosslinked polxgregylene
resin to ensur & 2on-aesdinked pelypropylege des radyaniegaous g5 itcgandedresyald
provide a satisfactory mechanical strength and can be nolded into various
shaped ﬁ@cﬂk@ﬂgt iperfarmriradused drmn shemessinoehnf e easily dnaddesy Hdveevenrtbe patkes-
i nventors have successfully produced pellet-type foans of non-crosslinked
pol ypr opytperfeami dbitaisedmbldugh @xtrpsibmof die dodberbsslitkédll folypropelene oagjar ¢mesnsabout
at least 40%of closed cells by providing a 25 tandem extruder with a
plurabit yp&if cdlRebIANxFEANSS] 1haY isEheFle ok its pldciicabllityetie péllet-type foam
must contain a great amount of closed cells for mechanical strength. It is only JSP
Corporation of Japan throughout the world that successfully commercially produces a
pellet-type foam from a non-crosslinked polypropylene resin. However, while it is
recognized that the pellet-type non-crosslinked polypropylene foam having lower melting
15  point are highly valuable owing to its easy molding and excellent recycling, a pellet-type
non-crosslinked polypropylene foam having a melting point of 140°C and less has not yet
been produced.
Therefore, an object of the present invention is to provide a pellet-type
polypropylene resin foam with a melting point of 140°C or less which is produced from a
20 non-crosslinked polypropylene resin to ensure a recyclability, has a high content of closed
cells to provide a satisfactory mechanical strength and can be molded into various shaped
packaging materials, and a method for producing the same. The inventors have
successfully produced pellet-type foams of non-crosslinked polypropylene with a melting

point of 125 to 140C, which comprises about at least 40% of closed cells by providing a

25 tandem extruder with a plurality of temperature zones having specifically varied
2



WO 02/ 094916 PCT/ KR0O2/ 00915 tenperatures, nmaking the non-crosslinked

pol ypropyl ene resin nelt having a nelting point of 138 to 140 C fl ow

t hrough twe oemes at ure zones, mechani cal |y honopgeni zi ng tPea/KRweloyqasopyl ene
resin nelt passed through such zones at a | ower tenperature of 120 to

130' C, expandi ng the honogeni zed nelt through a plurality of holes forned
inthe dies 5 under pressure, and cutting expanded foans di scharged from
the holes of the dies. In one aspect, the present, invention provides a
pel | et - t RPEFHCeE IBRKINg Hierpn-gessypiredRAluner ylengresiavneihhayingt meﬁglgmﬂlwt of
125 to 140 C . In another aspect, the present invention provides a nethod
for prepafildy ta HOT eflow tthraighche ¢eropssatiurek eengso megshamsally nomaegemzingytheg a
melting point of 125 to 140C, 10 conprising steps of, (a) extruding a

non- cr os pblyptopstiepe lrggin apslt eassed aindogh cogdo Lymsr athavowe @mpetature@fpl@onto of
138 to 140C through a tandem extruder; the tandem extruder consisting of

the first3@%t rexpioidindl tHedRfindddhiged ARl thfSiight £PREAIRY UF @0k Perndd Mhihe e
tenperature of 147 to 1531C 1s set, the second tenperature zone in which a

tenpesgat Hﬁ@er%ﬁ‘ess&@?aﬁd%u%t?r% &xphled §bam &@cﬁapécrd@r&ﬁ PRAIALWrehZ@BE 1N which a
tenperature of 168 to 172 Cis 15 set, the Tourth tenperature zone in which

a tenperature g@ o%ga{pgctggtge %r;'essentS %ENen nlgg té}ﬂg(/fdgs a:]%gg%%gﬁéj [ BnZ POk ch

a tenperature s set a SI Xt ature zone in
which a tenmperature of , 188 to 193 C.is second extruder divided
into thepOIg’BIEO?EV}ePEﬁWH?‘GP%aﬁ E’gil??l%ﬂfiﬁgao He](ﬁger ature of 167 to 173 Cis
set, the second tenperature zone i.n which a . tenperature of 147 to 1152 Cis
set, the thirdl% @psesA5p5c6 the REesen inYeniiAR PROVAdscanethad derepigparinig 2 plety7 ¢
is set, the fourth tenperature zone in which a tenperature of 137 to 1411C
is set, tipe nof-clossliokpeérealyprepdente foam vitiving a mehiner aeint of 025 1871404°.142 C
is set and the sixth tenperature zone in which a tenperature of 132 to 137
C i 90setomprsing stgps df, (goertadingng nbherdsslistedepdlypropylend tridndbive comdyomer
extruder, in which a tenperature of 248 to 255 Cis set; (b) conpulsorily
flow ng hisengxtmelded pahi &Fi138 tatl4a'C2ohrbesipe taideitetfudks Ihé Candéfl dxtiayer

punpi ng; (c) honogeni zing the extruded material at a

consisting of the first extruder divided into the first temperature zone in which a
temperature of 147 to 153 C is set, the second temperature zone in which a temperature of -
167 to 172°C is set, the third temperature zone in which a temperature of 168 to 172°C is

15 set, the fourth temperature zone in which a temperature of 218 to 225°C is set, the fifth
temperature zone in which a temperature of 197 to 203 C is set and the sixth temperature
zone in which a temperature of 188 to 193 C is set, the second extruder divided into the
first temperature zone in which a temperature of 167 to 173C is set, the second
temperature zone in which a temperature of 147 to 152°C is set, the third temperature zone

20 in which a temperature of 142 to 147°C is set, the fourth temperature zone in which a
temperature of 137 to 141°C is set, the fifth témperature zone in which a temperature of
13710 142°C is set and the sixth temperature zone in which a temperature of 132 to 137°C
is set, and a guide, connecting the first extruder with the second extruder, in which a

temperature of 248 to 255C is set; (b) compulsorily flowing the extruded material at a

25  temperature of 125 to 140°C by pumping; (¢) homogenizing the extruded material at a
3



3 WO 02/ 094916 PCT/ KR02/00915 tenperature of 120 to 130 C (d) expanding
t he honogeni zed material through a dies; and (e) cutting the expanded
mat eri al wo ooloo@ié the pellet-type foanms. In anot her aspe®CI/KRie/opriésent
i nvention provides a device for producing a pellet- type non-crosslinked
pol ypr opyl ene foam having a nelting point of 125 to 140 C . 5 In another
aspect, the present invention provides articles nolded frompellet-type

non- crossl i nked poléégropg/l ene foans_having a nelting point of 125 to 140'C.
BRI EF DESemerstyione! dr0 toiE3 HRAWNGDandias disoireneasaized mekerih thievsh a digstatdes and

ot her advantages of the present 10 invention will be nore clearly

under st 062} cittogtherexphodddonstaralde ohidircthe pebetrtypa fosmst aken in  conj uncti on

wi th the acconpanying drawings in which: FIG 1 is a view show ng the
overal | struct iir enottiertalspect elié peesémirinpencidn pronddgsed Hetice foy peoduomgm pdllet-

non- crossl i nked pol ypropyl ene according to the present invention;, FIG 2 is

a plan Vi iohQvbssinid PolypheiBilereifohd @ating 8 tméiih af ostpewg 1Mo’ -1 G 1 15
FIG 3 isﬁay sect i onal \?ieyvr\)/taken al ong t%e IineggfiA in FIG 2; FIG 4 is a

schemptic vi ewm\fﬁé?%s%éa@ thd pHELH R Rfiof pﬁov@cﬁe\gia%gs%mﬁwmom 1Bpe Fl G

5 is a sectional view shoWi ng'the inner structure of the punpihg part and

the _homaen) 2L 8-RRbk R IMe b Gk FL. G480 51 (3 oaa are Tron

vi ews show ng eac onogeni Zin 7 is a plan
view showi ng the structure of the die part showmn in FIG 1; FIG 8 is a
sectional view taken along the line B-Bin FIG 7; FIG 9 is a sectional

view taken along the line A-A in FIG 8 FIG 10Ais a side view_shovm'ng a
cyl i nder WFQE%CBIBEIQMQFWE PRBAWINGS g 25 device is mount ed:
The above and other objects, features and other advantages of the present
10 invention will be more clearly understood from the following detailed description taken in
conjunction with the accompanying drawings in which:
FIG. 1 is a view showing the overall structure of the device for producing pellet-
type foams of non-crosslinked polypropylene according to the present invention;
FIG. 2 1s a plan view showing a cylinder of the first extruder shown in FIG. 1;
15 FIG. 3 1s a sectional view taken along the line A-A in FIG. 2;
FIG. 4 is a schematic view showing the structure of the device for supplying CO»;
FIG. 5 is a sectional view showing the inner structure of the pumping part and the
homogenizing part shown in FIG. 1;
FIG. 6A and FIG. 6B are front views showing each member of the homogenizing
20  part;
FIG. 7 1s a plan view showing the structure of the die part shown in FIG. 1;
FIG. 8 is a sectional view taken along the line B-B in FIG. 7;
FIG. 9 is a sectional view taken along the line A-A in FIG. 8;
FIG. 10A is a side view showing a cylinder of the die part to which a cooling

25  device is mounted;



4 WD 02/ 094916 PCT/ KR02/00915 FIG 10B is a front view of FIG 10A; FIG
11 is a DSC curve of the pellet-type pol ypropyl ene foans (Exanple 1)

pr epar ed wWomengidng to the present invention; FIG 12 is aPDB&RmwEsof the
pel |l et-type pol ypropyl ene foans (Exanple 2) 5 prepared according to the
present invention; FIG 13 is a DSC curve of RP2400

(pol ypropyl ene-pol yet hyl ene (3% ) copolyner wused for preparing the

pel |l et -type pol ypropyl ene foans of the present invention; FIG 14 shows the
result of the Eﬁl&%ﬁwfmglemoftﬁ%@- pefl et -type pol ypropyl ene foans
prepared according to the present invention; 10 FIG 15 shows the result of
t he FT-1R anal JEislbfis R@&B@u(r‘{mbﬁph@pyﬂlﬁﬂepe polypesphileine feamg dExaroplol )y mer
used for preparing the pellet-type pol ypropyl ene foans of the present

i nvent i optepbkte@.acddading So thephaemgnegiionaken by an optical m croscope at x100
magni fi cation and show ng the pellet-type pol ypropyl ene foans prepared

accordi ng to tREGPIBSEAtDSEScuriy @ntth®Belldtliépe 6BpichyRnBRLAY(BRAMplRKBN by
an optical mcroscope at x400 magnification and showi ng the pellet-type

pol ypg opg}e DR4f 0 BinR SRR $ e -ﬁ%ﬂjoﬂg to the present invention; Simlar
referenc unbers refer to simlar pafts throughout several views of the

20,0t 0 R (RS O OB R R oo i
el LG pot 8400 €00 Sos R el YRroBYL S wices el g poit |
woul d be cur edFIG. 14 shows the result of the FT-IR analysis of the pellet-type polypropylene
foams prepared according to the present invention;
10 FIG. 15 shows the result of the FT-IR analysis of RP2400 (polypropylene-
polyethylene (3%)) copolymer used for preparing the pellet-type polypropylene foams of
the present invention,;
FIG. 16A is a photograph taken by an optical microscope at x100 magnification
and showing the pellet-type polypropylene foams prepared according to the present
15  invention;
FIG. 16B is a photograph taken by an optical microscope at x400 magnification
and showing the pellet-type polypropylene foams prepared according to the present

invention;

Similar reference numbers refer to similar parts throughout several views of the

20  drawings.

BEST MODE FOR CARRYING OUT THE INVENTION
Prior to the present invention, it has been impossible to prepare pellet-type foams
having a melting point of 140°C or less. Pure polypropylene whose melting point is

25  138°C could not be processed at a temperature of 138°C or less, since it would be cured
5



5 WD 02/094916 PCT/KR0O2/00915 rapidly at its nelting point or |ess. Thus,
it has been al so considered as being inpossible to prepare pellet-type

f oans hawog2@949eé ti ng point of 140 C or | ess. However, tIRETIKROR/00MWSS have
devel oped the pellet-type non-crosslinked polypropylene foans which have a
melting point of 140 C or | ess and an open cell content 5 of about 20% or
| ess. Such pellet-type foans have been devel oped by conbi nati on and
application of a nunber of discoveries. For exanple, the inventors have
found t hEpidnat temelaahoFr ashess. cBhysstihas Peuhalse sensiieredeaseherigimpogikleeas ed
by using a tandem extruding nethod as a basis, setting specific

t enper at tr epaoa deltat-oyrs foams hreng amesftingebintef d48 s dasd ng process, and
honogeni zing the nmelt resulting fromthe extruder at a | ower tenperature of
10 125 to 130" HowAlsp, thehdnvenv@nt aswe hdavelopedindhe hpdlleotypy wbeterdssknked
tenperature during the extrusion and expansion of the non-crosslinked

pol ypr opyblep@pyRas foaRdviiieh Baverd inkligig Peindof 140 T13BlebPantdiioped ckIepéntedtt hi n a
specific tenperature range, closed cells of 80%or nore can be forned.

Further, o# Mout PEONGOk ?a‘S%c Eé’c JS’[-E)@ oa%s%lv e BEY rpeﬁfbyt &ﬁnﬂnﬁ’aﬁi& and

prepared fromthe non-cr oss ypr opy ene resin having a nelting
poi nt of 3 r 8 tf@ﬁ fi
wor ki ng cé)%lﬁltﬁ?noééa acglg%j?ﬁ&s? c?ven?, 12{:‘a }?Oqeetsxgngs fé’? nver?tvlgl%ﬁ?S lﬁ%'w ds&% hﬁod for
preparing the eIIet pe foans f non osslin 0 Ien ccordi ng
Po Fhe. prateRotonvEreioR e oo CnaSERKkELg detrettstap SSiaghg Lﬁ’ife? 8 ng
nmet hod of the present inventign conprises extruding, . punping,
honogeni JieHigd 282 basis sstjarraegte tearnestwg condigiens for yhertimst i Sf‘?@”“ﬂr?"é‘%fiﬁ‘nﬁdl ng
process according to the present invention can be perforned by using a
t andem eRrtocesdeand hemogesiziagrthsrnslt raselting Atbnnthd extrudenat slowee temperdtore of
preparing 25 foans as a basis or its variation. Materials used for
prepadi ng23 kel JWEC| eAldoy e hoentersdfave found that only when the temperature during the
extrusion and expansion of the non-crosslinked polypropylene resin having a melting point
of 138 to 140°C is kept within a specific temperature range, closed cells of 80% or more
can be formed. Further, the inventor have found that a melting point of the foams
prepared from the non-crosslinked polypropylene resin having a melting point of 138 to
15 140°C can be lowered to 138°C or less by the specific working conditions according to
the present invention.
Now, the method for preparing the pellet type foams of non-crosslinked
polypropylene according to the present invention will be described in detail. The

manufacturing method of the present invention comprises extruding, pumping,

20 homogenizing, expanding and pelletizing steps.

(1) Extruding
An extruding process according to the present invention can be performed by
using a tandem extruder that is commonly used and well known in the art for preparing

25 foams as a basis or its variation. Materials used for preparing the pellet type foams of
6



6 WO 02/094916 PCT/ KRO2/ 00915 non-crosslinked pol ypropyl ene according to
the present invention conprises a non- crosslinked pol ypropyl ene random
copol ymerwbariongi@ nelting point of 138 to 140C, a nucl eRCIIMKR2YENS, a
foam ng agent and an additive, if necessary. The basic resin of the present
invention is the non-crosslinked propyl ene random 5 copol ynmer having a
melting point of 138 to 140-C. Exanpl es of other conobnoner copol ynerizable
with propyl ene include ethylene, 1-butene, 1-pentent and 1-hexene. The

pr opy| engonaresstinksd ppolyprepylean dseotsingolty rthe spresgsh IA¥ENHOB YITRRTESES e JiDBNE
random copol yner or propyl ene-butene random copol yner or terpolyners such
as pr opy lcessslinket! polyepnepyiberteerand oo popylyerer havieg raamekllngfpomttﬁrB(Sdnerﬂ@rfera
conponent other than 10 propylene in the copolynmer is preferably 0.05 to

10 % by watlehting abef, BicdnEiat hpeht age ah afldifiod, ibngedsarydi sperse a foani ng agent
and adjust the cell size of the foans. Exanples of the nucl eating agent

whi ch can be uged phfc tdigh Bf @§Esent INERIIIOR thddieRssiRUEd %f&b RAk rhiddht ed
to, sodi um bi carbonat e sodi um car bonat e, potassium bicar onat e, potassium

car bogat e, AR, b, HAARDATS:PTofRITDR) U €aT hanal fos 45 oA Monomer
BonaPROYHRO e 4 B R s

bi car bonat prere nor e amoun the u nucl ea |ng agent is,

the snmaller, the f t.h 0 trar ess unt of
the used ROLY BRI Wgégmpy e iipds §Fgepe ety B rehielt e Fhe®Eanty

t he present inventi on, nucl eating agent of 0.1 to 0.4% based o the
vei ght ofPTePYI&s; Wnri%mu%@@ yiigferan e BRBIACT UG as seRy ey ans ﬁgldgngnt
exceeds 0.4% insufficient dispersion or aggloneration can occur, and as 20
a resul t ,COPPEMERIOr RyPRYNENeHuteper randam sopslwmen ef ferpelimers, suchops PRROYESNt rary,
when the anount of the used nucleating agent is 0.1%or |ess, the

nucl eat i @thyderteibritdng topobwuessi Ve yatioesk ptheh eoetopotnee aompondmtan’dieertharan not
be reduced. As a usable foam ng agent in the present invention, there are

organbc fpeailég in dgeiopslyaiedis prefegibly 0.06ean? pgbpgeiphs. Exanpl es of the
organi ¢ foam ng agent are

The nucleating agent functions to disperse a foaming agent and adjust the cell size
of the foams. Examples of the nucleating agent which can be used in the present
invention include, but are not limited to, sodium bicarbonate, sodium carbonate, potassium
bicarbonate, potassium carbonate, ammonium bicarbonate or ammonium carbonate.
15  Sodium bicarbonate is preferred. The more amount of the used nucleating agent is, the
smaller the cell size of the foams is. On contrary, the less amount of the used nucleating
agent is, the larger the cell size of the foams is. In the present invention, the nucleating
agent of 0.1 to 0.4% based on the weight of a resin is used. When the amount of the used
nucleating agent exceeds 0.4%, insufficient dispersion or agglomeration can occur, and as
20 a result, the cell grows larger than a predetermined size. On the contrary, when the
amount of the used nucleating agent is 0.1% or less, the nucleation activity is excessively

weak, whereby the cell diameter can not be reduced.
As a usable foaming agent in the present invention, there are organic foaming

agents and inorganic foaming agents. Examples of the organic foaming agent are

25  aliphatic hydrocarbons such as propane, butane, hexane and heptane, alicyclic
7



25 aliphatic hydrocarbons such as propane, butane, hexane and heptane,
alicyclic 7 WD 02/094916 PCT/ KRO2/ 00915 hydrocarbons such as cycl obut ane
and cycl owentanmié and hal ogenat ed hydrocarbons such as clrcendafoRoeriénet nae,
trifluorometane, 1,1-difluoroetnae, 1,2,2,2-tetrafl uoroetane, nethyl
chloride, ethyl chloride and nmethyl ene chloride. Al so, usable organic
foam ng agents include dichlorotetrafl uoroethane,

trichlorotrifluoroethane, trichlorononofl uoronet hane,

di chl or oBYdrPersheffethfe cyelobiResr %%@ﬂ%ﬁ@?@ﬁe@ﬂﬁ’a‘ﬁ@%ﬁ@w hydrocarbons such

di bronot etraf | uor oet hane. Consi dering form ng workability, nontoxicity and
fl ame retscldaredyporanmeisae, friflmremetend, dr i-ddluetbatnedy baA-tetraflagrectangfneethyll e.
These organic foam ng agents can be used alone or as a mxture of two or
mor e t hecldofide, Bthyiptidsridd afich enckiydergaciiloride@amisg @@t orghic | fugiring idengen,
carbon di oxide, argon and air. These inorganic foam ng agents can be 10

used al ofiRliRle BRhRréfeirhftiofo@hantVerilor iR drb&hafRf tnﬁil&%mo%ﬂu&‘oﬁeﬂfaﬁ& of
randonly selected two or nore of the organic foam ng agents and the

i nor gani chﬁg%ﬂlﬂ?oﬁﬁﬁﬂﬁhé C@BhloREndtDR oroLﬂa?hdﬁQStan r e&lﬁ’foﬁrﬁ)(?etlia?lﬁg}&ﬂlaﬁégent

is an inorgani c foam ng aigent since t not destr oy an ozonosphere and
are inexpensive. he.f oam ng agents on the
expansi onorrl%g?rmgoffg{lﬁmgf 33 %(r%gq?’etnop oxbcétyo B,Pgl 8‘8‘9 Fleéarfi Piréc t yt% ¢ used
15 resin and fo a The nt of the fpa a ent used in the
oresent | PTG FOTYRICaBEY o s EaD 0% TFscne L. Fidu dare Wén(v% B of
the resin. In addition, various kinds of additives can be used. Exanpl es of
such addiong €5 as prigiiie ohiveRt moxe therrof. Ubxameles BEthe inorgaric fearaingagent
coloring agent, dye, netal deactivator and the_llke' These additives can
be used ineluge mamogant cabod dioxide, Brgddnd R0 Vidhesthinordasisefdaming dgentsedaglite of
the copolyner resin. In a preferred enbodi nent of the present invention,
par afid i nuseaxalose wsed.a Hiktarehef pgo tdnancrepibbied®r Ales, iyt mitthew dndndahly as
an antistatic agent to renove static electricity of the copolyner resin.
The usedsas@ettwo 68f mBaY @fthé BroddX fbemmROIsent3-aAdakYindRiafidtfoaming argents can

be used. The most preferred foaming argent is an inorganic foaming agent since they do

not destroy an ozonosphere and are inexpensive. The used amount of the foaming agents

depends upon the expansion ratio of the foam pellet to be obtained and the type of the used

15 resin and foaming agent. The amount of the foaming agent used in the present invention

is about 20% to 30% by weight, based on the weight of the resin.

In addition, various kinds of additives can be used. Examples of such additives
include an antioxidant, UV absorber, flame retardant, coloring agent, dye, metal
deactivator and the like. These additives can be used in an amount of 0.1 to 0.3% by

20  weight, based on the weight of the copolymer resin. In a preferred embodiment of the
present invention, paraffin wax is used. This helps the copolymer resin to flow and acts
as an antistatic agent to remove static electricity of the copolymer resin. The used amount
of paraffin wax is about 0.1% by weight.

The above materials used in the present invention are extruded by the tandem

25 extruder in which a specific physical condition is set according to the present invention and
8



The above materials used in the present invention are extruded by the
tandem 25 extruder in which a specific physical condition is set according
to the prweantiomeenti on and 8 WO 02/ 094916 PCT/ KR0O2/ 009 PET/KRve/opriocess

wi Il be described as follows. The tandem extruder is consisted of a first
extruder, a second extruder and a guide connecting the first and second
extruders. A screw conpression ratio is generally 3:1. Usually, the inner
di aneter of a cylinder of the first extruder is about 60 to 70nm The

i nner di Bvelrepespiwill bey (desraibed g folewvs e cliedtandera axiyder isj congister=at 3 fgHout 90
to 95mm The first extruder is divided into six zones according to their

t enper at extesler, gasérond ertruder awspEndls ¢cooneddigt ihe DL Bnd Tepond jextruderes Are a
first tenperature zone of 148 to 153 C, a second tenperature zone of 167
to 172C, saew Rbmgrdssionestid isrgeneraiig3df  1Gdally thelindeiGliamefeo of & bylirrizpef ticur e
zone of 218 to 223 C, a fifth tenperature zone of 197 to 203 C, 10 and a

si xth t efipereairid® #oRUPT601B870:Am1936e il digmeer @FSd chlkRiér REltHP segiene
random copol yner resin and the nucleating agent are supplied at a constant

speedsth lted in the first tenperature zone in
whi chsa %%%gggtd&?gaﬁaﬁgg?g&%@c is set. The flow ng speed can be
adj usted by a I spee f.the sgr nd. I S;: NO I 0 30
rpm Such 15 r%ﬁ%ﬁ %slrtl%g‘gb@%dgg?w%eﬁielggocér%}é\%\ga%t %F (ﬁfdrllgé{ogﬁl e#ﬁ?ﬁ@%ﬁé{éée cgf row
material and a flow s of lt.. In this cas an inflow speed of the
fosin | s2aBgoreamndnTnatl o HTdEh Thioths COROI e ComHOGH 2R TAARCat | ng
agent can_be supplied through one hopper at the sanme tine, it is
pref er abl & thatseponsl temperaiyisprang f lﬁﬁéeewa&»t # yhigd tempemtyiepae HodddPs. The
second and third tenperature zones are naintained at a tenperature of 167
to 172 Cl7bEhefourth tangetaiwre gomfl? 1840 B33 &f f ififthviexpenapire nenecdi8eétb 2@ @n
starting point of the third tenperature zone. The paraffin wax is punped
t o beoi nauddsicgdtempemture tonesofit8Btted93 Bl so, the tenperature of the fourth
tenperature zone is set to 218 to 223 C and a foam ng agent is

The non-crosslinked polypropylene random copolymer resin and the nucleating

agent are supplied at a constant speed through a hopper and then melted in the first
temperature zone in which a temperature of 148 to 153°C is set. The flowing speed can
be adjusted by a rotating speed of the screw and is normally about 20 to 30 rpm. Such
15 rotating speed of the screw determines an inflow speed of row material and a flow speed of
melt. In this case, an inflow speed of the resin is about 25 km/hour. Though the
copolymer resin and the nucleating agent can be supplied through one hopper at the same
time, it is preferable that they are supplied independently via individual hoppers. The
second and third temperature zones are maintained at a temperature of 167 to 172C, other
20 additives such as paraffin wax are introduced to an starting point of the third temperature
zone. The paraffin wax is pumped to be introduced after it is melted. Also, the
temperature of the fourth temperature zone is set to 218 to 223°C and a foaming agent is
supplied to an starting point of the fourth temperature zone by pumping operation. The
melt from the fourth temperature zone is passed through the fifth temperature zone in

25 which a temperature of 218 to 223°C is set and then introduced to the sixth temperature
9 .



supplied to an starting point of the fourth tenperature zone by punping
operation. The nelt fromthe fourth tenperature zone is passed through the
fifth tenwertabees zone in 25 which a tenperature of 218 t @C2AR0IHSset and
then introduced to the sixth tenperature 9 WO 02/094916 PCT/ KR02/ 00915
zone in which a tenperature of 188 to 193 Cis set. The nelt fromthe sixth
tenperature zone of the first extruder is introduced to the second
extruder through the guide connecting the first and second extruders. Here,
the tenpercanwhechod teniperaguried€ 188 tst93 Cois2448 t o 255 C and LD of the guide is
300 to 400mm 5 The second extruder is also divided into six zones

accordi ng to aThemeR fnutle, sixteachparaie: omerof sipofinds ettaidér & introdik@dio thehe si x
zones are a first tenperature zone of 168 to 173 C, a second tenperature

zone of 14Bnd @xibder Girodgh e iH@%Bﬁlﬁe%féi?'% enZARE afd sdcbdd dkBuddd Qler, flRUrth
|

tenperature zone of 137 to 142 C, a f h tenperature zone of 137 to

142'C,a &rﬁh?ék?}ﬁef%ﬂ?@éi@ts&rtﬁ Q06284 C13¢%1 LB ggg}@-gz;ideﬁs%b%%vw@ﬁﬁd of the

second extru normal 'y 8 to 12 rpm one in the first and

secon ext 1 Uocks, SangR ST IR yRld ROEA 58 bl STRBRHES )

means” of any o ype, ai r-cooled type

met hod. Anpng them the water-c ed hod that adjusts a tenperatur

usi ng waf %péggg%p@n&top%’z(gg} gﬁ@m F ﬁle éB?{a?Pf}Ie%,areaJl %&té?mgggqu Nk aay

devi ce can be used, which has a 15 cooling water body which is formed in a
hol | ow shéhe 150Ct megeond twfﬁéferﬁmﬁp@él‘%g%lﬁ?oca 3 Hurdcigmpaigére gpng ofel43
extruder and the cylinder is inserted therein, and is provided with a

cool i ng vmié7 Cpadeufe tdnyrengurel zmegrfal3l7ytovii4e i tehBith delypperatire perte efoi7i teg
water is contacted directly with the surface of the cylinder. 20 (2)

Punpi ng Th2TCsiath tiethoenhglematerezzoie of 132he $8T6Nd A xtreudepeed aof therseemdond t o
a flange for connecting a neans for crushing the melt according to a

net hegl obxini®er BY RERBlly 8 By eDEpRN.

Each zone in the first and second extruders can be maintained at a specifically set
temperature by means of any one of water-cooled type, oil-cooled type and air-cooled type
method. Among them, the water-cooled method that adjusts a temperature using water
pressure is preferable. For example, a water cooled type device can be used, which has a

15  cooling water body which is formed in a hollow shape, so that it can be mounted around
the cylinder of the extruder and the cylinder is inserted therein, and is provided with a

cooling water passage formed integrally with the body, so that cooling water is contacted

directly with the surface of the cylinder.

20 (2) Pumping
The sixth temperature zone of the second extruder can correspond to a flange for
connecting a means for crushing the melt according to a method of the present invention.
Since the temperature of this flange is maintained peculiarly at 132 to 137°C by the
present invention and this temperature is lower than the melting point of 138°C of the

25  polypropylene resin, an flowing speed of the melt can be remarkably lowered. Thus,
10



Since the tenperature of this flange is maintained peculiarly at 132 to
137-C by the present invention and this tenperature is |ower than the

mel ti ng peore/oof1d38 C of the 25 pol ypropyl ene resin, an fPComRig/ospeed of
the' melt can be remarkably | owered. Thus, 10 WD 02/094916 PCT/ KR02/ 00915
there is need for forcibly flowng the nelt so that it can nove snoothly.
Such conpul sory flow can be achi eved by means of a punp. At this tine, the
tenperature is maintained at 125 to 13 C by the water-cool ed ty g

devi ce. He)is erpgloni orablyAlewing thy tn%?ltt e %Weéfeﬁ@nlfﬁ‘?‘@ntsm@ﬁt It heSwa ¢
transferred fromthe extruder by punping at a tenperature of 125 to 140'C
i's honmogeompdsorgtilaw canperdtiened hyf meas ofca pdiap. CACthigkime, thegemperoyesisz e
nmeans that the nelt is cut and ground at the sanme time in a manner of

gr i ndi ngngimaiasd atd2Sao 18B8I004ghewargesiledtypedeviche melt becones to have a
10 uniformtenperature in the inner portion and outer portion. In the
course of honogeni zation, the tenperature in the cylinder is kept at 120
to 130 C, preferably by a water cooling type or oil cooling type nethod,
nore preferabl i '- type method. At this tinme, the pressure inside
t he cg;l i nder rgaﬁ%{gerggéegyﬁt 120kgf/cn12 15 (4) Expandi ng The honogeni zed

nmelt is expand d t r ough cribhed r nsi de
the cylinder i %nglen%rffengs Y § i 312(% rgg%nglﬁleofg%i&freoé} a
deconpression neans is installed at S |nt ain a pres of 0 3
Lo 0. 7kgPHERDE atme%rweo%éi%ﬁn@ nabfnis 018%%‘?%203%%?38}?&?{) W51 s 2 1 e
dies. Here, a dianeter of each 20 hole is norma 0.5 to_ 1.0mm_. and an
expansi on30 &t i dlsre, tadiomeeeyize W@nst‘ihﬁb@eé’ﬁelhlsdiuhﬁ%i/%@un%ﬂt e Eims BA e.

(5) Pelleting The foanms forned by expansion through the holes of the dies
are di schwmngerdofagrinding stones.  Also, through homogenization, the melt becomes to have a

10  uniform temperature in the inner portion and outer portion. In the course of
homogenization, the temperature in the cylinder is kept at 120 to 130°C, preferably by a
water cooling type or oil cooling type method, more preferably oil cooling type method.

At this time, the pressure inside the cylinder reaches about 120kgf/cm?.

‘15 (4) Expanding
The homogenized melt is expanded through dies. As described above, since a
pressure inside the cylinder in which the melt are homogenized reaches about 120kgf/cm’,
a decompression means is installed at the dies to maintain a pressure of 0.3 to 0.7kgf/cm’.
The polypropylene resin is expanded through holes of the dies. Here, a diameter of each
20 hole is normally 0.5 to 1.0mm, and an expansion ratio is normally five times of a diameter

of the micro hole.

(5) Pelleting
The foams formed by expansion through the holes of the dies are discharged and

25  simultaneously cut by cutting members to produce pellet type foams.
11



25 sinul taneously cut by cutting nmenbers to produce pellet type foans. 11
WO 02/ 094916 PCT/ KR0O2/ 00915 A device for producing the pellet-type foans
of non- crwegkiomeesl pol ypropyl ene whi ch have a nelting poi RCTER2AWIS0 140 C
according to the present invention conprises a first extruder, a second
extruder connected to the first extruder, a punping part connected 5 to
the second extruder, a honobgeni zing part connected to the punping part and
a dies part connected to the honobgenizing part The first extruder
conprises a cylindrical cylinder having a screw shaft rotatably nounted
therein, a driving neans disposed at an end of the cylinder f?r rotating
the screw shaftdeee Forprraduging thegpellebtype fgame af Soarfiossbakedrplyapene

di sposed on an the circunference 10 surface of the cylinder and is provided
Wi t h i nl ethiclf lmve supgiiyg poinhioplRASytprldpy eerording tathernreleatinvenjioagemprises a he
cylinder in an end portion of the cylinder near the driving neans is and

i nl ets fdirstsuppder ngecand adtidérwensacodd taghafirarkirsdas a puagmatpagnodnaedtahn ng
agent in a proper mddle portion of the cylinder and an outlet at the

ot her sendo gfRrsebdHd XrutiBe a Givhioeking pdR @oRRcyder o RNé E@lﬂpﬁgq)aec Ml Batparg

agent supplied to the cylinder via the inlet are 15 transfered conpul sorily

toward tRg,Qidtdiels 1hvh et BW shaft which is rotated by the driving
nmeans. The second extruder connected to the first extruder by a guide

oyl [ nder of ¢ hant P SrehBetleibels 1S BPlabloaRYiiRg: fig £ gERaLaRSoatal 1o
plurality of

opl i ng neans and a.heat| neans. 20 nted to.the outer
o r cant eriieddliei 8 B ias 4iop BARL fmger EsuRR e BV ¢ ne
melt in the cylinder. The punping part for noving conpul sorily the
pol ypr opyhadh@deplurality eheeahieg maang and keatigg spaas dispossd on andhg sicupdiencreyi ce
conprises a casing having an inner space to which the pol ypropyl ene nelt
di scHér gedrficeorh thaecybyddarrddr is girovided withonktefarrsugiplyingsa polypropylene and a
nucleating agent to the cylinder in an end portion of the cylinder near the driving means is
and inlets for supplying an additive such as an antistatic agent and a foaming agent in a
proper middle portion of the cylinder and an outlet at the other end portion of the cylinder.
The polypropylene and a nucleating agent supplied to the cylinder via the inlet are
15  transfered compulsorily toward the outlet by the screw shaft which is rotated by the driving
means.
The second extruder connected to the first extruder by a guide comprises a
cylinder to which the polypropylene melt discharged from the cylinder of the first extruder
is supplied through the guide, and a plurality of cooling means and a heating means
20 mounted to the outer circumference surface of the cylinder for adjusting a temperature of
the melt in the cylinder.
The pumping part for moving compulsorily the polypropylene melt discharged
from the second extruder to the next device comprises a casing having an inner space to

which the polypropylene melt discharged from the cylinder of the second extruder is

25  supplied, a pair of gears rotatably installed in the casing, the gears being engaged with each
12



25 supplied, a pair of gears rotatably installed in the casing, the gears
bei ng engaged with each 12 WD 02/094916 PCT/ KR02/00915 other, and a
driving rmeeng/odoie rotating the gears. The honogeni zi ng paPCTARMIOIBES a
cylindrical first housing to which the polypropylene nelt discharged from
the cylinder of the punping part is supplied, the first housing being
rotatably installed rotatably, a driving neans for rotating the first
housing, a 5 screw connected to a discharging end of the first housing, a
second hothei, rgd halgizingdnems for rofatiogifieegearcce part of the screw, a frane
mounted to an outer circunference of the second housing for formng an

ai rti ght spaceThetwassgehiatgs panncorhprises ng @tiddridad firsarhbeusiAgstpi mdlich ggace is
formed between the screw and the second housing along the entire | ength of

the scr §Wy§ﬂ§f)ylelﬂg niR JRIHARDEL SRsin TR & 1&6@&@%@@%@{@@%@ sippldd, BRUEBNG i S

flow therethrough to 10 be di scharged and di scharged to the outside. A heat

transfer hglllgg,ébgh {thtget;yz ihdalfedSBRES y,fao({r%%o{ﬂ%ﬂ@qur&&ﬁlgsﬁﬁ%@ﬁ h'&ﬁklﬁ%,lrbg and

the frame to adju nperature of 't he ypropyl ene nmelt which ws

h h th i.ng. The h i-Zi i j Zi
U, 0GR S A TRAFE L AL RSRE S BRGS0

nmeans is co sed of a_rotatin | ate 15 rotataply. noupted a a fixing
Dl ate d SHOSBese B Q6 ML MPTRE FIRUTRESER S0 b F DB SHiTEe Bofe FHUI ot e
is provided with a plurality of slits arranged radially and the fixing

. Y,
pl at e i shopsing forderning an airpghspacetbptweendhe sqspad hopsingsandthe figey pAcirkne
melt introduced to the honogenizing part arrives at the rotating plate and
i s cut bypam iedgemedfbetmesn thpeerewgandf the iseconddroasing glosigahe entiel length opdlieses
through the rotating plate. Then, the cut polypropylene nelt 20 is ground
by the retratviang thé pdlepropylehemshaliehbgtdviieom thhérst dbasing i fidwatlerethcupht
fixing plate. The ground pol ypropylene nelt discharged fromthe

honogeni Bk nsdbafobd iafid disdRbb®eb te binsidei eA At transfel Bgingl Aows S6hagpaeag
part, a cutting part and a driving nmeans, in which the expanded foans are
cut i nt o fgiiedEhREN HE kb B BSLQA: and the frame to adjust a temperature of the
polypropylene melt which flows through the second housing.
The homogenizing part comprises a homogenizing means that crushes uniformly
the polypropylene melt. The homogenizing means is composed of a rotating plate
15  rotatably mounted and a fixing plate disposed to be contacted with the rotating plate. The
rotating plate is provided with a plurality of slits arranged radially and the fixing plate is
provided with a plurality of circular holes. The polypropylene melt introduced to the
homogenizing part arrives at the rotating plate and is cut by an edge of each opening of the
rotating plate while it passes through the rotating plate. Then, the cut polypropylene melt
20  is ground by the rotating plate in the space between the rotating plate and the fixing plate.
The ground polypropylene melt discharged from the homogenizing part is
supplied to the dies part including a discharging part, a cutting part and a driving means, in
which the expanded foams are cut into a predetermined dimension.

In the present invention, the cooling means mounted to the cylinders of the first or

25 second extruder has a closed casing through which cooling water supplied from the outside
13



In the present invention, the cooling neans nounted to the cylinders of the
first or 25 second extruder has a closed casing through which cooling

wat er suppbioedofoneom t he outside 13 WO 02/094916 PCT/ KRO2POQOKIKD2/00416Ws. The
cooling water introduced to the inside of the casing flows through the
casing while being in contact with the surface of the cylinder whereby the
tenperature of the polypropylene nelt that flows within the cylinder is
reduced. The heating neans disposed between two casings enploys a heater,
havi ng aflnwat i fie covling waterintredudet do éhaninsi§e THiéhacgasingdtawsatrqugh the easing
extruder is divided into six tenperature zones according to a tenperature
condi t i owvhilbibeing hecqahotpridpyteesveface |df thd owimdgr iwherdbg thy ltempeantusd ofiltlee
satisfy. A tenperature of each zone is adjusted by the cooling neans or

heating BBRPpyERE nfn@H @it R sOWitBIn Ehd %?:Hiﬁd%?el@cfédﬁéedt hertey hédiher meéns
tenperaturé o the pol ypropyl ene nelt should be kept at 147 to 153 Cin

the fi rst'.'llféggm%re ¢th %%@ﬁﬁ%@rﬂ}l% 4 Reatefhalin ?r& HeBing ChiSRGRMNEH fHEFRer at ur e

zone, to 1 int tenperature zone, at 218 to 225 C in
the fourth tenpy rat h t f.E, zone
and at 188 to %@fyfé“%ﬁ (t% nlée, ﬁrsi?’é dgirgsecﬁk e?ént? os'netee ;eatt%f/IZSH‘%eE[rC%% Ifgn
second extruder i s also,.divi nt o, si X enper re zo C to a
Cenper at i & (CBRRPRE QROWIEh P, 13 G OB EnEe AR Shiirg SR SIBY] | nder
15 shoul d satisfy. A tenperature of each zone is adjusted by the cooling
means or SHEAE i ny terERsiatURD OheasH 20Re ahadjusted bauth%ewléxgeme@sw hepdng: iepher. A
tenperature of the polypropylene nelt should be at 167 to 173 Cin the
first tempemtdumetheouter catumitience of IBytiniler. t Hetegwetatiere 08 theepddymrepyleeghe, at
142 to 147 Cin the third tenperature zone, at 137 to 141 Cin the fourth

t enper at uiedt shoukl, beakept 37 14Dtol¥53 C inrthe fiest fterhpdratuesrpeeabturcd tparfé C 20 thnd at
132 to 137 Cin the sixth tenperature zone. The gui de connecting the first

%g E: yoer saddild ttBp&aEeN dos bl Yskefo B1200I i the tiiePieneratidtetzAR) QR U BIE 205 C248 toO
in the fourth temperature zone, at 197 to 203°C in the fifth temperature zone and at 188 to
193°C in the sixth temperature zone.

The cylinder of the second extruder is also divided into six temperature zones
according to a temperature condition which the polypropylene melt flowing in the cylinder
15  should satisfy. A temperature of each zone is adjusted by the cooling means or heating
means mounted on an outer circumference of the cylinder. A temperature of the
polypropylene melt should be at 167 to 173°C in the first temperature zone, at 147 to
152°C in the second temperature zone, at 142 to 147°C in the third temperature zone, at
13710 141°C in the fourth temperature zone, at 137 to 142°C in the fifth temperature zone
20 and at 132to 137°C in the sixth temperature zone.
The guide connecting the first extruder and the second extruder should be kept at
a temperature of 248 to 255°C.
The two gears disposed in the inner space of the casing of the pumping part rotate

in opposite directions from each other toward a center of the inner space to make the

25  polypropylene melt move compulsorily to a next process position. Also, the first housing
14



The two gears disposed in the inner space of the casing of the punping part
rotate in opposite directions fromeach other toward a center of the inner
space to wale/edas 25 pol ypropyl ene nelt nove conpul sori | PCIKR02/08946
process position. Also, the first housing 14 WD 02/094916 PCT/ KR02/ 00915
of the honogeni zing part is rotatably supported on supporting plates by a
plurality of bearing blocks. A drive sprocket of a driving neans is geared
with a driven sprocket fixed to gn outer circunference surface of th

first ho&éitﬁ@ hegogepfing rarts sy fatahiy SPPRPTIEd on S1RRCEIPS Rlajes Yok PRIV
operation of the driving nmeans. 5 The discharging part of the dies part

i ncl udes bsaning plogksguisdl drivaspesiietaclcy (drifder meansciatasareduvsh dedivfentspeocyel de
bar. The guide bar has a plurality of cavities formed on the outer

ci r cunf erfixed go tanerwaf circuneeteony surfabe ne] thelifiretchousmgodo thae tigpufice hbasing Fhe

pol ypropyl ene nelts di scharged fromthe honogeni zing part flows through
each cavirbiited if\regpotisaké the oplerdiion @fee disiigsmede. formed at portions of the
cylinder corresponding to the 10 cavities, respectively. The cutting part

of the dies pare id'fb%hé{‘gﬁ%_ I?arﬁHP%r&iés“&rPin%Hﬁed 9331166 RlidbdreAl Séyiadeof the
di scharging part and cutti’ng nmenber fixed to the supporting plate and

bl Ced. . . . , {ded
wth o plofSfl By bEEauRle bolD) TH WBHE bar 1 Btk o R ket bR e
I it f th h hol th 5 l,i o I tivel v, The dri.Vi

Teane. cobiirs BReOBate nFRrBl i drrag i iseheE a0k gy donth, LT ank
connected to the eccentric cam gnd rotating .in respgnse o the rotation of

the cam DBN®TPY, elisofivehargsdyramdihe homosPizingPare HAWS dhonal o ¢y Whe

crank for converting a rotati n% novenent of the crank into a |inear
novenent ‘aptralis s thropgh dolen are formedrat pettions i the cylindes gprsespondiag o dtee to
which the cutting nmenber is fixed, whereby the 20 cutting nenbers are
r eci poocanetieslrespeetiviely. out er circunference of the cylinder by the
operation of the driving neans and the foans expanded fromthe through
hol es of the The cutting part of the dies part includes a supporting plate located at a rear side
of the discharging part and cutting member fixed to the supporting plate and movably
located outside of the cylinder. The cutting member is provided with a plurality of
through holes formed at positions corresponding to the plurality of through holes on the
15 cylinder, respectively. The driving means comprises an eccentric cam being able to rotate
by a motor, a crank connected to the eccentric cam and rotating in response to the rotation
of the cam, and a power converting and transmitting means connected to the crank for
converting a rotating movement of the crank into a linear movement and transmitting the
linear movement to the supporting plate to which the cutting member is fixed, whereby the
20 cuiting members are reciprocated along the outer circumference of the cylinder by the
operation of the driving means and the foams expanded from the through holes of the
cylinder are cut by edges of the through holes of the cutting member.
Meanwhile, the cylinder provided with a plurality of grooves formed in a

longitudinal direction on predetermined position thereof. Each groove has a reciprocating

25 rod which is movably located therein and has one end fixed to the supporting plate. A
15



cylinder are cut by edges of the through holes of the cutting nmenber.
Meanwhi | e, the cylinder provided with a plurality of grooves fornmed in a

| ongi t udiwelo2@d49e€ct i on on predeterm ned position thereof. PERKROgIOGNFe has a
reciprocating 25 rod which is novably |ocated therein and has one end
fixed to the supporting plate. A 15 WO 02/094916 PCT/ KR02/ 00915 cutting
menber is fixed to each reciprocating rod by a fixing neans and is

reci procated on an outer circunference of the cylinder by the

reci pr ocatiting meybenid fixed te enelcigpiproctied rad by g fixemchegsaod és weipré@tadydn nder .
Now, a particular structure and operation of the device for producing

pel | et - t yputed clroanfrence of B kRglifder bhehdreeiredatihg yeitwhieh isvedclpriatddeserg bed
in nore detail taken in conjunction with the acconpanying drawi ngs. FIG |

is a view,ghowhiofhe OYIRIga! | structure of a device for producing the
pellet- type foans according to the present invention. The device for

produci ng foa ) e i ti gn]ﬁr' fitst
extruder 100, mﬁ@f% cag%%%éfklﬁﬁ%gb} ar%ﬁﬁe%%&o&%tégtdgg@%g t 8@??‘?@@&%‘%&
100 via uide 150, a punping. part 300 nected to.the second ,extruder
200, "% nEHEBL AT GE s PEABE RO THETEd 1O PRSI Ea gae 08T dMF e i es
part 500 for formng a foam m xture di scharged fromthe honbgeni zing part
400 i nt o CopBNetEn Wil thepgeampanyme drawings,  respective parts as mentioned
above wi ||l be described individually. 15 A First extruder 100. FIG 2 is
a plan vi ew sh&linhisa dywishelwinggm qveealf strusture gf @ derdee foopredvsing thapsles |
and FIG 3 is a sectional view taken along the line AAAin FIG 2. These
figures sypevfoams staondingiteethepraske ifivansipnexThaidercelfoOprofineing ifosns axordinger 100
conprises a cylindrical cylinder 20 101 having a certain |length, a driving
means 102 ithstprkiend ifdentitn eddghpefsed ke aithi BLARUdet 000, dhe second extruder 200
10 connected to the first extruder 100 via a guide 150, a pumping part 300 connected to the
second extruder 200, a homogenizing part 400 connected to the pumping part 300 and a
dies part 500 for forming a foam mixture discharged from the homogenizing part 400 into
pellet-type foams. Hereinafter, respective parts as mentioned above will be described
individually.
15
A. First extruder 100.
FIG. 2 1s a plan view showing a cylinder of the first extruder 100 shown in FIG. 1
and FIG. 3 is a sectional view taken along the line A-A in FIG. 2. These figures show a
structure of the first extruder 100. The first eﬁtruder 100 comprises a cylindrical cylinder
20 101 having a certain length, a driving means 102 installed at an end of the cylinder 101, a
screw shaft 103 mounted in the cylinder 101 and being able to rotate by the driving means
102, and a cooling means 104 and heating means 105 installed on the outer circumference
surface of the cylinder 101.

At an end portion of the cylinder 101 near the driving means 102, entrances 101a,

25 101b (only one entrance 101a is shown in FIG. 3 which is a sectional view) for supplying a
16



screw shaft 103 nounted in the, cylinder 101 and being able to rotate by
the driving nmeans 102, and a cooling neans 104 and heati ng neans 105

i nst al | edwom2dp@ie©ut er circunference surface of the cyli RAEKROQDO91AL an
end portion of the cylinder 101 near the driving nmeans 102, entrances 101la,
25 101b (only one entrance 10la is shown in FIG 3 which is a sectional
view) for supplying a 16 WO 02/094916 PCT/ KR0O2/ 00915 row pol ypropyl ene
and a nucl eating agent (for exanple, sodium bicarbonate) to the cylinder
101, respewtnolirgpylete andravauclezimgesgent X6xcexanmer sasipmat bigarbenass) nihe
portion of the cylinder 101. Also, at a mddle portion of the cylinder
101, an eylindandel, 1ogetcfivaly, sel fpingd ngAarexiritoils timfarmed ge mothdromd groaiml ef,
paraffin wax) and an entrance 10le for 5 supplying a foam ng agent (for
exanpl e, tHeP&ladeCOR). aABof o aedddiOpoktivh of ter cmder 161 dnnédranes 101d e
cylinder 101 is divided into six tenperature zones according to

tenper at 4§ iﬁﬁ%‘_ddnt hRgatRf aEOR @& )éﬁe[rﬁfﬂg,' ?ﬁ%ﬁlﬁh%qw SarURP | dnfiinde0 1011 for

cylinder 1 he cooling neans 104 an eati ng neans 105 are nounted

Lo the oy elin¢hiGHIRETLERGAYLIABE G LILEY hiclahedl 01 at posi tions

correspondrng To resp nperature “zones for adjusting the

t enperature of .t pal ypropyl ene .nel Fl 2 45 .a.pl V] ew show t he
cool i ng neans 9(5&%319%’%%81@@&1 WBOIET%%WS Cig%derrmar}f gg'l(geﬁ Ipt?esn(ﬁ?rg?er&gre

ci rcunference surface of the cyligder %gl of Ehe first extruder 100 _ shown
in FIG FONRAFCOINS EHHMRFEAINETRNALIRAS (8 4he RGLPERYLCHR; thpt 5eSUBRIPRINE i n
detail referring to FIG 3. 15 The cooling nmeans 104 nounted on the outer
ci r cunf eculindsr $0ik.f ablke esoling means 1 04andrthe beating messp ORI piegneuntedde b Her has
an airtight casing with a donut shape, through which a cooling water

suppl i ed circwonfeaamceusisfade ¢ff dhves cylitivier cldl ianosiipes domtesuhdigdta gespebtevecasi ng
104 flows through the casing 104 while being in contact wwth the surface of
the 10yl temaeratdfelzondhfor atijkitng th eenipimereailuliepslpsiogdend@elty! i nder 101, that

is, the tenperature
FIG. 2 is a plan view showing the cooling means 104 and the heating means 105
mounted on the outer circumference surface of the cylinder 101 of the first extruder 100
shown in FIG. 1. Now, the cooling means and heating means will be explained in detail
referring to FIG. 3.

15 The cooling means 104 mounted on the outer circumference surface of the
cylinder 101 corresponding to each zone has an airtight casing with a donut shape, through
which a cooling water supplied from an outside flows. The cooling water introduced to
the casing 104 flows through the casing 104 while being in contact with the surface of the
cylinder 101.  Therefore, the temperature inside the cylinder 101, that is, the temperature

20 of the polypropylene melt that flows therein can be lowered.

The heating means 105 mounted between two casings 104 (that is, cooling means)
is a heater in which a heating coil is installed. The heating means raise the temperature of
the polypropylene melt which has been already lowered by the cooling means 104 to a

predetermined temperature.

25 The function of the first extruder 100 having a structure as described above will
17 -



20 of the polypropylene nelt that flows therein can be | owered. The heating
nmeans 105 nount ed between two casings 104 (that is, cooling neans) is a
heat er i rwatizomdss heating coil is installed. The heating mearnsRozaisgs the
tenperature of the polypropylene nelt which has been already | owered by
the cooling nmeans 104 to a predeterm ned tenperature. 25 The function of
the first extruder 100 having a structure as described above will 17 WO
02/ 094916 PCT/ KRO2/ 00915 be described with refergnce to respective

dr awi ngs be Agscrihed with yefatpnpeioresnegtive dragangsy apedhe dihung preaps 1 Cne agihpted.

nucl eating agent are supplied to the cylinder 101 through the entrances
10la, 10pblyprapyieeetandebynucidating cagewt shafstppled ios theocplinder i Wt Huoesh theder
101 by the action of the driving nmeans 102 (of course, a rotating speed of
t he screwhishrbs 101n, 301 lnwespeckively. a Bpeetew sdiick)3, is astaedrip aecy el 04 by
rotating speed of the driving neans), whereby the pol ypropyl ene and the

nucl eati figk A@RIAL ofSthBRrivesk hitah$ 02 Ybf Re@Ke, 1D totatigy speelit @thandrew Xkt whi | e
si nul taneously being noved conpul sorily toward the other end of the

CY1 1 NGT 19 0dreq ) & Y5ecBRERRS AScelfipiEd Wk ADQNfe SNl dealivinAdRAks)aNd @

foam ng agent a suppli'e e cylinder 1 through another
entrance d,...10 f 1 i f i.n 0 e

i xed wi PHERhg S REe B kbRl Ay Dplile @ etihad dod 0
the first extruder 100 .is.divided into six .tenperature zones Z1 to

accor di nén%(?htaﬂ mtl’grlﬁlp"él?‘kt ﬂ‘inléﬁ%‘ber%?l@'ibSng?o‘feﬁéog'%fl{fﬁpg'p@w&ﬁ‘g&w 9 e%%@h
flows therein as shown in FIG 2. Each of the tenperature zones Zl to Z6
has 15 aﬂllfé%@‘tnﬁero‘fmabout 300 to 400mm In a preferred aspect, the cylinder
101 has an inner diameter of 65mm and LD of about 358mm and the

t enper at ur e coflithe processchsoddseribedcalndies hwmstispdtic: dgenp eng B Beine agawb lare

according to each tenperature zone Z1 to Z6 of the <cylinder are as
f ol | ans. supplied to the cylinder 101 through another entrances 101d, 101e formed at a mid portion

of the cylinder 101 to be mixed with a polypropylene melt.

As described above, the cylinder 101 of the first extruder 100 is divided into six
temperature zones Z1 to Z6 according to the temperature condition of the polypropylene
melt which flows therein as shown in FIG. 2.  Each of the temperature zones Z1 to Z6 has

15  a length of about 300 to 400mm. In a preferred aspect, the cylinder 101 has an inner
diameter of 65mm and LD of about 358mm and the temperature condition and other
conditions of the polypropylene melt according to each temperature zone Z1 to Z6 of the
cylinder are as follows.

1) First temperature zone Z1 : A zone to which the polypropylene and the

20 nucleating agent are supplied, kept at a temperature of 150C, a length for

which the above temperature is maintained, that is, a length of the first
temperature zone Z.1 is 360mm.

2) Second temperature zone Z2 : The polypropylene melt flowing through the

second temperature zone Z2 is maintained at a temperature of 170°C.

25 3) Third temperature zone Z3 : The polypropylene melt flowing through the third
18 -



1) First tenperature zone Z1 : A zone to which the pol ypropyl ene and the
20 nucl eating agent are supplied, kept at a tenperature of 150C, a |ength
for whi cWotoheombeove tenperature is maintained, that is, &CT&Rp0Os t he
first tenperature zone Z1 is 360mm 2) Second tenperature zone Z2 : The
pol ypropyl ene nelt flow ng through the second tenperature zone Z2 is

mai ntai ned at a tenperature of 170 C. 25 3) Third tenperature zone Z3 :

The pol ypropyl ene el t fl ow t hrough the third 8 094916 .

T RR03] 00615 ettt A & Bk i edehbgrebife 7, DRSe RER & e 170 c
which is the sanme as i,n jhe segond t enperature zg)n[e#éz. Paraffin wax as an
antistatic agenfdg a8dpphs éeropg EReeaie Foredger A2 PTeaszan ABYSIEY ¢ h
tenperature zone Z4 : The pol ypropylene nelt flow ng through the 5 fourth
t enper at ur e zone agent isssupplis teithedigditempereipereneh® of 220'C. C2 or LPG as
a foamng agent is supplied to the cylinder 101 at the fourth tenperature
zone Z4. 5) Fi ) Bovglpenpdraine zareZ25 Thd lpelypodpypeme pytle flowirg thibligiwitieg
through the fifth tenperature zone Z5 is maintained at a tenperature of

200 G. 10 6) Si flith RmpenairezenzBA6s FRintailEiEatdteipetpyeia20®l .t ¢O, or
mai ntained at a tenperature of 190'C. In order to neet the tenperature

condi tions of theppplaypy Q‘Qé‘rhi%geag@ﬁttisaéuppfi&l;RSCfHeV?IInﬁei}f’qmt WenZ e Zl to
Z6, the cooling neans 104 and the heating nmeans 10 nount ed on the

t enperature zones e opeL kY operated. That is, the tenperatures of the
15 pol ypropyl ene er@fetatg{e tﬁe respective tenperature zones Zl to Z6 are

IS e o e A R TA
104 or a current tgrrrl) elrei1tlelrde ztoge tZQ?s Ql%?ntcaitirrllgd gg art%mperature of 200C,.
10 6) Sixth temperature zone Z6 : The polypropylene melt is maintained at a
temperature of 190°C.
In order to meet the temperature conditions of the polypropylene melt at
respective temperature zones Z1 to Z6, the cooling means 104 and the heating means 105
mounted on the temperature zones are properly operated. That is, the temperatures of the
15  polypropylene melt at the respective temperature zones Z1 to Z6 are adjusted to meet the
condition described above by controlling an amount and a temperature of a cooiant
supplied to the casing of the cooling means 104 or a current applied to the heating wire
constituting the heating means 105 and a time to apply a current.
On the other hand, in the case of using CO; as a foaming agent which is supplied
20 to the cylinder 101 of the first extruder 100, an additional device for supplying CO; is used.
The device for supplying CO; used in the present invention is as follow:
Referring to FIG. 4 which is a schematic view showing a structure of the device
for supplying CO,, the device 110 for supplying CO, comprises a tank 110A for storing

COa, an unit for vaporizing and freezing 110B, an unit for supplying CO, 110C, an unit for

25  stabilizing 110D and a storage unit 110E. CO; stored in the storing CO, tank 110A is
19



constituting the heating neans 105 and a tine to apply a current. On the
other hand, in the case of using CO2 as a foam ng agent which is supplied
20 to t hewoykiomdes 101 of the first extruder 100, an addi PPconatozdemsce for
supplying CO2 is used. The device for supplying CO2 used in the present
invention is as follow Referring to FIG 4 which is a schematic view
showi ng a structure of the device for supplying CO2, the device 110 for
supplying CO2 conprises a tank 110A for storing CO2, an unit for

vapor i zi trgnsierded toethe iung MOBHor amparizing dnol freerpe, yi miadGe isl goeertechingmihe f or
25 stabilizing 110D and a storage unit 110E. CO2 stored in the storing CO2
tank 110Aapcs phkSe. WIA2/i9980{ie TR0 BABMR] throughansbfigerdort of theeunihifér 110B
for vaporizing and freezing, in which it is converted into the vapor

phase. TRalorizing ddd &QLiEOHOBE O, iP a5 dAhridhF@u8 eda ah®iiech apfied o @e drite uni t
for vaporizing and freezing 110B, CQ2 is gasified and vaporized, and then

R R T A LR

suppl yi ng 5 stabi I'1'ZI ng, in the formof vapor

IS copver . 10 .gas_ phase. CR2 in t p IS Q i

tor age aipeEoE O RN BPRE aaeh eouleBy 8ol Mpst o gUnh MBS
unit 110E is supplied to the first _cylinder 101 of .t first.extruder 100
descri bedf B ég t%étomeyﬁytow@enéﬂl%qpmp%shls%ag{eg, Bﬁé Sioé glrtéf&fj%age
conditions in the tenperature zones Z1 to Z6 is nmoved (noved hy the screw
shaft 103yitdbMaiscsugnliechie the firsheylindor EQA plfhe first gxtradey 10A dascsiiphtiavs to t he
second extruder 200 through the guide 150. The pol ypropyl ene nelt passing
t hrough the guilie pogpicpyleaentmitnadhick medtenther sarupesatofe xBoditons i, tBecond
extruder 200 The second extruder 200 to which the pol ypropylene nelt is

suppl i ed térdysepatgle zones Z.1 %0 @6iisl enoled(thagdttlyehs sorewsshafid 03y tewaid dn dodefthe st
extruder 100. That is, the cylinder 201 constituting the second extruder

200 i19 dicylistRe 100ta0d Shen SEpNed ad teSseOnE 8xtadde® 200 ABrough tieguile IP@r alhy e
condition of the polypropylene nelt that flows in the cylinder 201. A

polypropylene melt passing through the guide 150 is maintained at a temperature of 250°C.

B. Second extruder 200
The second extruder 200 to which the polypropylene melt is supplied through the
15  guide 150 has the same structure with the ﬁrét extruder 100. That is, the cylinder 201
constituting the second extruder 200 is divided finto six temperature zones according to the
temperature condition of the polypropylene melt that flows in the cylinder 201. A
cooling means and a heating means are mounted on the outer circumference surface of the
cylinder 201 at positions corresponding to the temperature zone for adjusting the
20 temperature of the polypropylene melt.

The cooling means and heating means also have the same structure with the
cooling means 104 and the heating means 105 mounted on the outer circumference surface
of the cylinder 101 of the first extruder 100 shown in FIG. 2. Therefore, the description
on the structures of the cooling means and heating means is omitted.

25 The cylinder 201 of the second extruder 200 is divided into six temperature zones
20



cooling neans and a heating neans are nounted on the outer circunference
surface of the «cylinder 201 at positions corresponding to the tenperature
zone for wojsv4ong the 20 tenperature of the pol ypropyl ekeTmio/009ike

cool ing neans and heati ng neans al so have the sanme structure with the
cooling neans 104 and the heating neans 105 nounted on the outer
circunference surface of the cylinder 101 of the first extruder 100 shown
in FIG 2. Therefore, the description_ on the structures of the cooljng
means andicpIgingng ﬁh@éﬁ@p«rrgtumrpwguon 26 thegolyprapsleae et vwirch Haws dbaspig-
extruder 200 is divided into six tenperature zones 20 WD 02/094916

PCT/ KRO2/H30b 16mpaetuoy dinedhasa kehgtht afngbout #0 ¢ 620wt | &n agfreferred pspeghrbpyl ene
melt which flows therein. Each tenperature zone has a | ength of about 470
t o 520nmcylifidet 201 eias ah ethea siedter dM@OmmMydnddeis Adlit BaSman iTheaemperatmed er of
90mm and LD is about 495mm The tenperature conditions of the

pol ypr opydogthigiof® bt thepolfifoppéidsel id Qe aflindor20 B FPRIAEMpEaARO2SnR e 86 5
follows. 1) First tenperature zone (the entrance portlion) : 170'C  2)

Second t @(,%ature zone : 150 C . 3) Third tenperature zone : 145C. 4)
Fourth an ITth tenperature zones : 140 C. 10 5) Sixth tenperature zone

(the exit port ilﬁn%égt%qﬁ.r%'uge zCo'n g&g%h{}g% Z)rohl%g : il%ecpol ypropyl ene nelt at

a tenperature o charg rom second” extruder 200 is supplied

to the punping pagt 300. Since the ing point of the 15 pol ypropyl ene
is 138 C, the ;?SI g‘i‘ﬁ"B ATRRFEALHES 4ong; ggﬁtrged fromthe second extruder 200

has been considerably reduced in its flowi ng speed. In the present
i nvention, the puklrhigmpserterezonei §4USed for noving conpul sorily such

pol ypropyl ene nelt to a subsequent process.
4) Fourth and fifth temperature zones : 140°C.

10 5) Sixth temperature zone (the exit portion) : 135°C.

C. Pumping part 300
The polypropylene melt at a temperature of 135°C discharged from the second
extruder 200 is supplied to the pumping part 300. Since the melting point of the
15 polypropylene is 138 C, the polypropylene melt discharged from the second extruder 200
has been considerably reduced in its flowing speed. In the present invention, the pumping
part 300 is used for moving compulsorily such polypropylene melt to a subsequent process.
FIG. 5 is a sectional view showing the inner structure of the pumping part 300 and
homogenizing part 400 shown in FIG. 1. The left side shows the inner structure of the
20 pumping part 300 and the right side shows an inner structure of the homogenizing part 400,
respectively.
The pumping part 300 to which the polypropylene melt discharged from the
cylinder 201 of the second extruder 200 is supplied comprises a casing 301 having an inner
space, a pair of gears 302A and 302B engaged with each other and installed rotatably in

25  the inner space of the casing 301, and a driving means 303 for rotating the gears 302A and
21



FIG 5 is a sectional view showi ng the inner structure of the punping part
300 and honogeni zing part 400 showmn in FIG 1. The left side shows the

i nner strwotoaewed the 20 punping part 300 and the right PerdeRi0oms an

i nner structure of the honobgenizing part 400, respectively. The punping
part 300 to which the pol ypropylene nelt discharged fromthe cylinder 201
of the second extruder 200 is supplied conprises a casing 301 having an

inner s , pai r of ars 302A and 2B engage i,t h each her. ..and
ot ol | o07B: oRalian pdTBhar e artlpalL reotHatab iy oA S 4B Vi ng
means 303 for rotating the gears 302A and 21 WO 02/ 094916 PCT/ KR02/ 00915
302B. AnS&RDdg %Gpaib?éﬁf@f’g%w'casi ng 301 is connected to the cylinder
201 of the second extruder 200 by a flange 304. The pol ypropyl ene nelt

di schar ged fr oifhe ipelypydnytese metodiselfargedeirem sbadylinder 2@lepf theowcing extipgel ed t o
the inner space of the casing 301 via the entrance portion, and then 5

di schar gedo commplzdribltie iimeanpaxi df thordasiog I tiehd entrapearpertRM2 Andinben302B
which rotate in opposite directions toward a center of the inner space of

the casi dgchakB&l BOhMRERRY k& Be exifBbitio 158198 hehfisBMMANMICI02BERIch 28¢thte0f t he
second extruder 200 has a tenperature of 135 C, and a considerably reduced

flui dityi, JhsfRé eré'otio}[hpﬁ)vpdr'{l:g 8fePét the A8, %Eéé 8%’ch¥3 E%siﬁg? PRSI fripflémnst er

t he pol ypropylene nelt to t next process. nogeni zi ng part 400 The

Omogent gl 901t A0 RINEEGH Al Bt HSpE A LlofOLthag S bl 583 ARG Of

the punpin Into a ro a crushing

ol | ow oy ? karndz caaplREruter Ry T BeRBre dbe Primpieh vl ik Sieelo © °

surface of the first housing 401 and a driving neans 404 to which a
dri vi ng §Bm81él|§<éqlly4@gsﬁe§ﬂﬁp}p gropylene melt to the nexi process.

10
D. Homogenizing part 400
The homogenizing part 400 connected to the exit portion of the casing 301 of the
pumping part 300 is divided into a rotating part 400A and a crushing part 400B. The
rotating part 400A is composed of a first housing 401 of a hollow cylindrical shape, a
15  driven sprocket 402 fixed to the outer surface of the first housing 401 and a driving means
404 to which a driving sprocket 403 is fixed.
The first housing 401 is supported rotatably to support plates 407 and 408 through
a plurality of bearing blocks 405 and 406. The drive sprocket 403 of the driving means
404 is geared with the driven sprocket 402 fixed to the outer surface of the first housing
20 401, whereby the first housing 401 is rotated in response to the operation of the driving
means 404. An end of the first housing 401 dorresponds to the exit portion of the casing
301 of the pumping part 300 and thus, the polypropylene melt discharged from the
pumping part 300 flows in the first housing 401. In the first housing 401, the temperature
of the polypropylene melt are varied according to the location (that is, a central portion and

25  outer portion of the inner space of the first housing). However, since the polypropylene
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The first housing 401 is supported rotatably to support plates 407 and 408
through a plurality of bearing blocks 405 and 406. The drive sprocket 403
of the drwoimngymans 404 is geared with the driven sprocleetr/kKI2/0b41%ed to
the outer surface of the first housing 20 401, whereby the first housing
401 is rotated in response to the operation of the driving neans 404. An
end of the first housing 401 corresponds to the exit portion of the casing

301 of the,punpin rt 0 _and thu h | vpro ene t di scharged
From ¢ he e TRRGE BRI aftop e ot o e FrifdiotRBa R oBS sBId peyERF A
housi ng 401, . the tenperatur of the polypropylene nelt are varied .
accor di ngjn@cjf"olstrﬁé‘nia&f‘ét ‘foé‘ﬁta(lﬁfﬁ&f ajtempefaliing rl‘i‘fre:pﬁﬂl?q BV é’i?g’pﬁ@yg‘?ﬁlﬁépelbbsrt i on
of the inner space of the first housing). However, since the polypropyl ene
22 WD 02/s0epiBd goppulsrry2dagoensinuersist by therunening part 480y be aolyprrpyisne et  of
the first housing 401, the whol e polypropylene nelt is maintained

const ant liyratdtedhartdempesdadt theesantdeiree. si nce new pol ypropyl ene nelt is
suppl i ed conmpul sorily and continuously by the punping part 400, the

pol ypsopyl ene mhk tcrushihgaitad 088 8REmPBed bl at scidve 4 5@ Bnret i’ to the @ portishi ng
part 400B is conposed of a screw 410 connected to the exit portion of the

first hougimarAp imuénugs 260N 26K LBskidkl 411 Reake dnilie hRr QUEGHfefdnce bR ence
of the screw 410 and a frame 412 nounted on the outer circunference of the

second NS o 8k 105 MO0 b SNl SRRGR DELNBE R L poatir
00, el e BB SR SR P e S5 Bl
PR, T TR R e RORE TN Y
401 of the rotating art 400A under a high pressure, is noved along the
spi r dP- sivdpeaiesyice sufaqeiereof ped a spiFadwh WAP ﬁrf@r@@tbﬁweﬁoﬂ@wﬁ@mg@ and
di scharged out of the crushing part 400B. 15 Meanwhile, a heat transfer oi
f1 ows i n antheths pecend doosidg bétlweed ¢hendsécionthe entire length of the screw 410.

Therefore, the polypropylene melt discharged from the first housing 401 of the rotating

part 400A under a high pressure, is moved along the spiral-shaped space between the

screw 410 and the second housing 411 and discharged out of the crushing part 400B.

15 Meanwhile, a heat transfer oil flows in the space formed between the second
housing 411 and the frame 412. That is, an inlet port 412A through which the heat
transfer oil is supplied is formed at a side of the frame 412, an outlet 412B through which
the heat transfer oil is discharged is formed at the otner side of the frame 412. The heat
transfer oil that introduced to the space between the second housing 411 and the frame 412

20 via the inlet port 412A contacts directly with the surface of the second housing 411 to
adjust the temperature of the polypropylene Iﬁelt that flows in the second housing 411.

The heat transfer oil that flows in the space between the second housing 411 and the frame
412 to adjust the temperature of the polypropylene melt is discharged via the outlet port

412B. Processes for inflow, adjustment of temperature and discharge are proceeded

25  continuously, whereby the temperature of the polypropylene melt which flows in the
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housi ng 411 and the franme 412. That is, an inlet port 412A through which
the heat transfer oil is supplied is forned at a side of the frane 412, an
out | et 41%B lvpugh which the heat transfer oil is di scha&cgaRmsodiser ned at
the otner side of the frame 412. The heat transfer oil that introduced to
t he space between the second housing 411 and the franme 412 20 via the inlet
port 412A contacts directly with the surface of the second housing 411 to

Pous ng ABTA-HRG! Hdat CEPiERE By StaeR RHEnE et by Aot s Rag B

second hous'n% 411 and the frane 412 to adjust the tenperature of the

pol ypropﬁr?-f]r?ée%‘} PP APYEhar ged via the outlet port 412B. Processes for
inflow, adjustnent of tenperature and discharge are proceeded 25
continuously, viehemsar eaé of Hiepareegenizing p'ctrhéﬂibdh%rp&dg«yb@h@alﬁ@ftthwﬁcwd fl ows
in the 23 WO 02/094916 PCT/ KR02/ 00915 spiral-shaped space between the
second hdwssing 41,12 dwdopbezingrmeans 14500 5 dishased dot tmsking pnd denergehiamg a
tenperature. At the rear end of the honpbgenizing part 400, that is, the

exit par tmigfuré bEthe d@ehdtgehpslshiogykid meh an@aD@EBAtEiggeEans 450 is di sposed
for crushing and honogenizing a 5 mxture of the discharged pol ypropyl ene

mel t and a nuclggt sA4n@ TG 6B HeFofAidnd &atiﬁgp%@ﬂf&f&aﬁkﬁ%lﬁé 482
rotating plate 451 and a fixing plate 452 constituting the honobgeni zi ng

45 j ] i : f 1%l 452
eI O AR T MR
h ot her.. i that th tati | ate. 451 | t y. 10 A
L e I R S L L
h i 451A | ted t¢ d t t tati te 451.
R O ERE KRG L NI R

452. The pol ypropyl ene nelt discharged fromthe second cylinder 411 arrives
at tH8 rotati fypraite of spenipgsc4SliAs arediormethipdiplly Qe astating plaih 48hach
openi ng 451A fornmed on the
opening 451A is slanted toward a center of the rotating plate 451. Also, a plurality of
circular holes 452A are formed on the fixing plate 452.
The polypropylene melt discharged from the second cylinder 411 arrives at the
rotating platel451 which is rotating and passes through each opening 451A formed on the
15  rotating plate 451. At this poiﬁt, the polypropylene melt is cut by an edge of each
opening 451A, whereby all polypropylene melts are crushed homogeneously. The
crushed polypropylene melt is ground by the rotating plate 451 which rotates in the space
between the rotating plate 451 and the fixing plate 452 and discharged through the holes
452A of the fixing plate 452.
20
E. Dies part 500
The temperature-controlled polypropylene melts discharged from the
homogenizing part 400 is supplied to the dies part 500 to produce pellet-type foams.

FIG. 7 is a plan view showing a structure of the dies part shown in FIG. 1 and FIG.

25 8 is a sectional view taken along the line B-B in FIG. 7, and FIG. 9 is a sectional view
24



15 rotating plate 451. At this point, the polypropylene nelt is cut by an
edge of each openi ng 451A, whereby all pol ypropylene nelts are crushed
honogeneocw®log/09ibie crushed pol ypropyl ene nelt is ground PEZTIKRO200418t | Ng
pl ate 451 which rotates in the space between the rotating plate 451 and
the fixing plate 452 and di scharged through the holes 452A of the fixing
plate 452. 20 E. Dies part 500 The tenperature-controlled pol ypropyl ene

melts di scharged fromt . eni zi part_400 j.S .S lie o the djes
o ¢ 500 40h pitas e THeiG G indiRe 0t oae Thehia 300'S irigRhRRG b hirchirsinte
structure of the dies part shown in FIG 1 and FIG 25 8 is a sectional

vi ew t akSA0A] peitingpart SHEB and gdiyingmany30Upd FIG 9 is a sectional view

24 WO 02/ 094916 PCT/ KR02/ 00915 taken along the line CGCin FIG 8. The

di es part 500 iThe diischaigthg paro S80Aliis chmpgsedgofhahplloGoyhnde-sbepadi gygdpdat 500B
and a driving neans 500C. The di scharging part 500A is conposed of a holl ow
cyl i nder 58hapéd cglindke 302riocabédlowaside thequlidenskers0902Onabateedr cudusafedentdef gui de
bar 501. On the outer circunference of 5 the guide bar 501, a plurality of

cavi t kes iROdAdabL J0ar ABRiralRy B bAMGt 30dANA fEHini&IChiadBn@fudidae dBedtda d¥ake 501.
The pol ypropyl ene nelt di sc%ar ged fromthe honogeni zing part 400 flows in

each. cavighiic i So1, Thd o Rbliidhedhelt BONMORA10l & thoRA R0l AP Alows

portions (0] cylln e corresponding to the respective cavities

501A. The cuttin 5Q0B is_€0 ed of orti-n | at I ted
2t the rdupachygORy B8, ° g iR TR IRRG R hoRs R4S 0GB ELPHE MR S0
fixed to tlhe sgggorti ng | ate. 506. The c.utt'hQPArrenber 503 is located

movabl y GWIR9EE St FATRBOBSING FRLthE J§SPREE cBwiics ‘has a plurality of through
hol es 503A fornmed at_ positions corresponding to the plurality of = through
hol es 502A of tIhe calingrel SHBis coaposedhal Mum@m@plagﬁs%mﬁ efl ipt thegigres, a

10  side of the discharging part S00A and a cutting member 503 fixed to the supporting plate
506. The cutting member 503 is located movably on the outside of the cylinder 502 and
has a plurality of through holes 503A formed at positions corresponding to the plurality of
through holes S502A of the cylinder 502, as shown in FIG. 9. As shown in figures, a
diameter of the through holes 502A formed o’n the cylinder 502 is less than that of the

15  through holes 503A formed on the cutting member 503. At an initial position, each
through hole 502A of the cylinder 502 is located on a central portion of the corresponding
through hole S03A of the cutting member 503.

Meanwhile, a plurality of grooves 502B are formed on the outer circumference of
the cylinder 502 in a longitudinal direction and reciprocating rods 505 are located in the

20  grooves 502B, respectively. The cutting member 503 is fixed to reciprocating rods 505
by fixing means such as a bolt, whereby the cutting member 503 is reciprocated on the
outer circumference of the cylinder 502 by the reciprocating rod 505 which is.reciprocated
along the groove 502B of the cylinder 502.

The driving means 500C of the dies part 500 is composed of an eccentric cam 511

25  which is rotated by a motor 510, a crank 512 that is connected to the eccentric cam 511 and
25



di anmeter of the through holes 502A fornmed on the cylinder 502 is | ess than
that of the 15 through hol es 503A fornmed on the cutting nenber 503. At an
initial pasioiooei6 each through hol e 502A of the cylinder PEOXKR0/0D06at ed on
a central portion of the corresponding through hole 503A of the cutting
menber 503. Meanwhile, a plurality of grooves 502B are fornmed on the outer
circunference of the cylinder 502 in a longitudinal direction and

reci procat|j .rods 505 are |ocat int 2 rooves 502B, respectively.
The. Cutt THgemingepoBado tie risoh dn G SPbuils AR i egeBispd FARTRI N ans
such as a bolt mherebg t he cuttigg menber 503 is reciprocated on . the
outer ci MesHRF 813 Aenesied tp ghecqrpily §LF fo GONYRFiRGEPLFLIRD HPYEBETE 0f tl}eofaara\(ogl%mi ch
is.reciprocated along the groove 502B of the cylinder 502. The driving
means 500Clingar mnyentientsanddrans®oting thedmepogeenafnt inthesupprriing plew0811 25
which is rotated by a notor 510, a crank 512 that is connected to the
eccentric cam Bhte ahe ec@ntridOcAiR/ 1949 I6taRGTHKER2 bG8 of theatmtbri Fl0r élsponse
to the rotation of the cam 511 and a power converting and transmtting

neans 551306060 avetlehtOof HR &RANK1D 12 coblerte@my elid liftdr IMéRIMedn byakie Fewer of
the crank 512 to linear novenent and transmitting the |linear novenent to

the suppQbhidinPhif SamBfinEReant BE3, 866 Sl thdhsmRPEdRb khd &lp{p@ﬁﬁfg%’c@ﬁ“ he

operation of the notor 510, the 5 rotation noverment of ‘the crank 512 is
conver Loy LA bt REBERIRHETER! sBY B, B0"Sr RV B LA Rybepseany L no
Feci pr ocARaRSRENGSR NG e rloa LR ey || nder 502, Neamvihi | .
| nj cet et undor NiERelp <he BONRETHIcaP AL XONEAROR We RoERoH g PaT SN0 i
gui de bar 501 and then expanded through the through hol es 502A of the
cyl i nfer igegted pnderipressuierte thevhbwalite o€ BavitiesotY frsmed oxhe gpide thar 894 antbier
502 corresponds to each through hole 503A of the

then expanded through the through holes 502A of the cylinder S02. At this time, when

each through hole 502A of the cylinder 502 corresponds to each through hole S03A of the

cutting member 503 by the reciprocation of the cutting member 503 by the operation of the

driving means 510, the polypropylene melt passes through the through holes 502A and

15  S03A and then is expanded to the outside of thé cutting member 503 with a certain length.

Then, when through holes S02A of the cylinder 502 are released from the corresponding

state with the through holes 503A of the cutﬁng member 503 by the movement of the

cutting member 503, the expanded polypropylene melt is cut by edges of the through holes

S503A of the cutting member 503. Here, a dimension (length) of the cut foams is

20  determined by a moving speed of the cutting members 503.
Thus, after the polypropylene melt is expanding through the through holes 502A
of the cylinder 502 and cut by the cutting member 503, the pellet-type foams are formed.
A diameter of each through hole 502A of the cylinder 502 is 0.7mm and the expansion rate

is about 5 times of a diameter of the through hole. Also, the cutting member 503 is

25  reciprocated at a speed of 600 revolutions per minute.
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cutting nmenber 503 by the reciprocation of the cutting nmenber 503 by the
operation of the driving neans 510, the polypropylene nelt passes through
t he t hr oyb ohodess 502A and 15 503A and then is expanded t @CrheroobvEsde of
the cutting nmenber 503 with a certain |length. Then, when through hol es
502A of the cylinder 502 are released fromthe corresponding state with
the through hol es 503A of the cutting nenber 503 by the novenent of the

cutting nenber 503, the expanded pol ypropylene ne|t is cut by edges of the
t hrough hol es Tgeswlwomﬁ@ecwﬂtitF?@S%érﬁééforsdB@ opshiag parq iU Sro s ?“é‘?‘i{;t h)

of the cut foanms is 20 deteriined by a noving speed of the cutting nmenbers
503. Thugnderra pressune opd2Qksepy liethe dies pait.s Bikmpelyprgryleno mpl inHbe digg dugh

hol es 502A of the cylinder 502 and cut by the cutting nenber 503, the

pel | et -t gpposed dimsctly © theatmedpherd, dostrofttler foamseaatbpanhretsighlnholler t6Q2#veof t he
cylinder 502 is 0.7mm and the expansion rate is about 5 tines of a

di amet er pedductien bhosEaalls) oh the pAeset inbBBicAUA HEMhpIEBRRAMEDS id i8stall&l at the
reci procated at a speed of GOOPQ%evoI utions per mnute. 26 WO 02/ 094916

PCT/ KRO2/008{%f il @iePPdry Pr opyl ene nelt transferred fromthe crushing part
400B are subjected under a pressure of 120kgf/cnR in the dies part. If the

pol ypropyl ene fglgal 9 B@?pﬁi}ﬁﬁ drhe %é@c?ﬁoﬁgssﬁin;ﬁt%ﬁﬁsyinEtggécc?Iﬁto ﬁlteg@.%sggﬂ § oSt

of the foans are open’ ce n order rev pro en cells,
in the pregsent invention, .a deconprLession.ne is instal.led at the
out 51 de” SR FTe TREGRsaPressiPp TR 090 5 SRyERBPE risq e e ans
installed at the dies part _is hown. The_deconpressi.on ans 600 is _a
casi ng 6890 cﬁngit%ﬂgtl%eaw ﬁ@%Pé@ﬁzﬁr@iHﬁ‘& 4 from ﬁmwtagﬂ(tggétwh?% Bhrt
500B of the dies part 500 fromthe outside (the atnosphere). It is to be
under st oddta havndershepehabp shie ebtierngsie B0l ss not limited.t efin enrarastpane@ por t
602 10 through which air is introduced is formed at an side of the casing
601, 1an éhkongpovhict68i8 is inbroduged wHoohedaatr ani side ki ghestasthg 601 anrexd @ut 66k
ot her side of the casing 601.
through which air is exhausted is formed at the other side of the casing 601.
A temperature of the air which is supplied to the casing 601 is room temperature
or less and can be maintained by a cooling means (not shown). Also, it goes without
saying that, in order to maintain properly a pressure in the casing 601 (for example,
15 0.8Kgf/em®), an amount of the air supplied to the casing 601 can be controlled by a pump
(not shown). Meanwhile, the exit port 603 can be connected to a storage means for
storing the prepared pellet-type foams along with discharged air.
A temperature in the cylinder 502 coﬂstituting the dies part 500 is very high and
therefore, the temperature of the cylinder 502 should be properly maintained. For this,
20  the present invention uses a cooling device 700 using the heat transfer oil, which is
mounted on the dies part.
FIG. 10A is a side view showing a cylinder of the dies part to which a cooling
device is mounted and FIG. 10B is the front view of FIG. 10A. The casing 601 of the

decompression means 600 illustrated in FIG. 7 is not shown for conveniences’ sake.

25 The cooling device 700 used in the present invention comprises a ring-type
27



A tenperature of the air which is supplied to the casing 601 is room
tenperature or less and can be naintai ned by a cooling neans (not shown).
Al so, it woag/omdthout saying that, in order to maintain PCEIRN2POIAS
pressure in the casing 601 (for exanple, 15 0.8Kgf/cnR), an anount of the
air supplied to the casing 601 can be controlled by a punp (not shown).
Meanwhi |l e, the exit port 603 can be connected to a storage neans for
storing the prepared pellet-type foans al ong with discharged air. A

t enper at gerplying pips T 1penties atglppfrem o the ailinder Y03 agi] disoyshrwhiglpbeat fragsery hi gh
and therefore, the tenperature of the cylinder 502, should be properly
mai nt ai ned.is mpliehirem th2 Outshie, pplasadity of foeimyi popes 792 soanectedl tb phe sippliyoee 700
using the heat transfer oil, which is nounted on the dies part. FIG 10A

is a sideipél POV $10%h REtranceyéddUEIA Qherbbakll @SstalRdtint e yliGderasa20aint ngh
device is mounted and FIG 10B is the front view of FIG 10A. The casing

601 of t B?schﬂgﬁlgrﬁ?ﬁ@f?@i RRa B AN e GRM lbf kﬂ&éﬁﬁﬁ&dsdznarﬁl GnndetéBto exshawn for
conveni ences' “sake. 25 The cooling device 700 used in the present invention

conpri.se rieng- 7 02/ 094916 PCT/ KR02/ 00915 supplying pipe 701
| ocat gd Z?i?ﬁgngr%%g%ip%teh@@byl i nder 502, and through which heat transfer

oil is supplied,fromthe outsi a pluralit f 1.l ow Fe) 7Q2
connected to t HE STSEYHS RGeS 7?:13511 Wf%\}?%ﬂﬁrp%hﬁm egiﬁgca%zais[%gf?%?f and
installed in the cylinder 502, and an discharging .pipe 703 | qcated at the
front of Hengyliagen Mheis GomRCCAGHIA! B RBE 108 COTBPAROTY I AWiRH ieans (AgbRICHHD) SHh
flowm ng pipe 702. The ring-type pipe 701 for supplying the heat transfer

oi |, | ocasadpremp shethatr atheot trangier eiflis sepliedoR, the Suppliimgcipel 2he wHetaghd t o
a conmpul sory flow ng neans (not shown) such as a punp so that the heat

t ransf er poiskuries The peatadansfer tollds snjpgby ito thepplpmlist ofi flownsy pipes 7¢2 dssugle. The
heat transfer oil is injected to the plurality of flow ng pipes 702 through
10 enbr araearBdsds DA of the HiewilOpibe072 @asedt&Ptoate aegplyeag ppet7be. suppl yi ng

i 701.
Pipe 10 The plurality of the flowing pipes 702 disposed at a regular interval on the entire
outer circumference of the cylinder 502 are extended along the entire length of the cylinder
502, and each entrance end 702A and each exit end 702B of the flowing pipes 702 are
exposed to the front end of the cylinder 502. Therefore, the heat transfer oil supplied
15  through each entrance end 702A from the heat transfer oil supplying pipe 701 flows
through the flowing pipes 702 along the entire length of the cylinder 502 (that is, after
performing the heat exchange), and then is discharged via each exit end 702B.

The ring-type pipe 703 for discharging the heat transfer oil located at the front of
the cylinder 502 is connected at one end to the heat transfer oil storage tank (not shown).
20  Thus, the heat transfer oil after performing heat exchange with the cylinder 502 while
flowing through the flowing pipes 702 flows into the heat transfer oil discharging pipe 703

through the exit end 702B and then is directed to the heat transfer oil storage tank.
As described above, in the course of flowing through the heat transfer oil
supplying pipe 701, the flowing pipes 702 installed in the cylinder 702 and the heat

25  transfer oil discharging pipe 703, the heat exchange between the heat transfer oil and the
28



The plurality of the flow ng pipes 702 disposed at a regular interval on
the entire outer circunference of the cylinder 502 are extended al ong the
entire | ewgto/opfo1¢ he cyl i nder 502, and each entrance endPC@asroanm@iéach
exit end 702B of the flow ng pipes 702 are exposed to the front end of the
cylinder 502. Therefore, the heat transfer oil supplied 15 through each
entrance end 702A fromthe heat transfer oil supplying pipe 701 flows
through the flow ng pipes. 702 along the entire | ength of the cylinder 502
(that is,cyHrdes 50245 aeeamplished nuheraly thexahadgesan beeonstayikerhipke ﬁ‘é}Ff’g’E‘d vi a
each exit end 702B. The ring-type pipe 703 for discharging the heat
transf er teimperhyrsfoethegrodystionpbmansf the cylinder 502 is connected at one
end to the heat transfer oil storage tank (not shown). 20 Thus, the heat
transfer oil afMenwhdef thenupplyiea tpipex T fige swiplying hike highti tratesfer 5GP tovithd e
flow ng through the flow ng pipes 702 flows into the heat transfer oi

di schar gifi@viié PeHed 082 ahartﬁy@ltschﬁn%sn%x}be g08 td GABclatt hdreransfetlbll fEdnethd 0 t he
heat transfer oil storage tank. escri bed above, in the course of

fl ow g tﬂyxﬂﬂggii,f)&emf% §urp?{/l|§(:i Savel b rifURBAE R M)qhe;gﬂeat thestt i g

pi pes 702 i1 ns ed in the nder /02 and 't he heat transfer oil

the. 28 VETPBRA01 Aonstdt R8I SRR e REIRERbOE hod LR o e TEL

th l'ind b tly J t at. i tab t t f th
or oduct | BT TRERE! CROSHRAFT 07 BB SO P A Rise SRPE. T oo heP he

heat transfer oi]  to.the flow ng pipes 702 and the discharging pipe 703 to
whi ch t heothsaupplyigsrieg 7¢ andrthg ﬁisrcﬁéggms PiReoiiSrig e [aitedign g atid3n haYE have
a ring shape so that the heat transfer oil is sinultaneously supplied to
and r eceiadiffefeniosirpe; dorf éxemiplegp Py gl #BPe.nount ed on the circunference of
the cylinder 502 whose section is a circular shape. However, the shape of
t he swappl yi ng pNgve thé bresadt irnventirs ehilrtgi dagcpbhqolein’ Gdre sletadt by ihw fodldwing a
ring and can have a different shape, for exanple pol ygonal shape.

Examples. However, it is to be understood that the following examples are presented to

illustrate further various aspects of the present invention, but are not intended to limit the

scope of the invention in any aspects.

15  Example 1
In order to prepare the pellet-type foams of non-crosslinked polypropylene
according to the invention, a tandem extruder having a first extruder with the inner
diameter of 65mm and a second extruder with the inner diameter of 900mm was modified.
A gear pump and a dies part were connected successively to the rear end of the second
20 extruder. A homogenizing means as shown in FIG. 3 was installed at a position where the
melt is discharged from the gear pump, a compression means is provided outside the dies.
Through holes of the dies had a diameter of 0.7mm and a pressure in the dies was
maintained at 0.5kgf/cm®. A rotating speed of the first extruder was set at 24 rpm and a

rotating speed of the second extruder was set at 9 rpm.

25 40 kg of random copolymer RP2400 (polypropylene-3 weight % ethylene;
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10 Now, the present invention will be described in nore detail by the
followng Exanples. However, it is to be understood that the foll ow ng
exanpl es woapoodsented to illustrate further various asp@CTsRR/00N16
present invention, but are not intended to limt the scope of the
invention in any aspects. 15 Exanple 1 In order to prepare the pellet-type
foans of non-crosslinked pol ypropyl ene according to the invention, a

t andem ext ruder. havj a first extr r with t i nner i angt er 65mMm
bnd e S b TaelinenaoRhdR Gl stbrerodl oBBm et St dprca A
gear punp and a dies part were connected successively to the rear end of
the secoh@troehessealdadr . Co, Hendibii% s of seriun sathonan spmmerciplobigingg from
installed at a position where the nelt is discharged fromthe gear punp, a
conpr essiksum¥ans Cos Iipd.ovivete duppliedi tdgh¢ ketratiee shrougthrespeghivebbperof 300eg di es
had a dianeter of O0.7mm and a pressure in the dies was naintained at

0. 5kgf / cf pakaffiotmakiVMy copeetcially bbidedrfsém dxbochdticalv@s, sed (Kimhd4, Kpreapnd a
rotating speed of the second extruder was set at 9 rpm 25 40 kg of random

copol yneryagRdeted PO kv ERRlY teffiRratureeididt oarRt fidst @RGuder291 M0 PPEY 85
PCT/ KRO2/ 0091 melting index 0.25; nelting point 138" C) comercially

obt ai ned Y Ki 1 I . : n sodi um
car bonat esalglgfnaﬁe?&g;l\gﬁel ?‘g@t é{rﬁ%%ggfbg@ﬁ%eun%%egﬂ&_ !uglﬂ%d.g_ \jﬁ\}eefbggl 888fnpéd to
commer ci STy eib SR RERRH B AR O SR e iR o ok e aee
supplied to the third t efature zone of the fir extruder. 12 kg of LPG
vvagIO supﬁb?‘@ﬂlqga}{llﬁiv W&rﬂ)ﬂ %8%@@?@?@“&”9%‘”@(% r by using agneteri ng
punp. Tenperature conditions specified fromthe extruder through the

honogeni zi ng device are shown in Table 1, and LD of the each tenperature

zone was 360mm 10 Table 1: Tenperature condition
10  Table 1: Temperature condition

Temperature Temperature

Device ZoneNo. | ()
1* 150
2 170
First 3" 170
Extruder 4" 220
50 200
6" 190
Guide * 250
1* 170
2% 150
Second 3r 144
Extruder 4% 139
5% 138
6" 136
Gear pump 133
Homogenizing device 130

* installed between the first extruder and second extruder for guiding the melt that have
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Tenperature Tenperature Device Zone No. Cc) 1St 150 2" 170 First 3rd 170
Extruder 4t 220 5t 200 6t 190 Guide * 250 1St 170 2" 150 Second 3rd 144
Ext ruder WDh203®16 5t' 138 6t' 136 Gear punp 133 HonopgeniPEirrKrodardise 130
install ed between the first extruder and second extruder for guiding the
melt that have 30 WD 02/094916 PCT/ KR02/ 00915 passed fromthe sixth
tenperature zone of the first extruder to the first tenperature zone of
t he second extruder. Exanple 2 5 The tenperature conditions in the device
wer e set passed &oor thestkth tempeniterezoan df thedirstprxitiuder toyhefifsh tamperosuie zprephr ed
by using the same procedure and materials as in Exanple 1.

the second extruder.

Example 2
5 The temperature conditions in the device were set as described in Table 2 and the

pellet-type foams were prepared by using the same procedure and materials as in Example

1.

Table 2: Temperature condition

Temperature Temperature
Device Zone No. | (C)
1* 150
2™ 170
First 3™ 170
Extruder 4™ 220
5 200
6" 190
Guide 250
1 170
2™ 150
Second 3% 145
Extruder 4™ 140
5 138
6" 135
Gear pump 130
Homogenizing device 125
10
Example 3

31



Tabl e 2: Tenperature condition Tenperature Tenperature Device Zone No. (O
ISt 150 nd 170 First 3rd 170 Extruder 4 220 5t" 200 6th 190 Gui de 250
1st 170 WO 026M98%econd rd 145 Extruder 4th 140 5th 138 PEU/KI®B/0BEAr punp
130 Honogeni zing device 125 10 Exanple 3 31 WO 02/094916 PCT/ KRO2/ 00915
The tenperature conditions in the device were set as described in Table 3
and the pellet-type foans were prepared by using the sanme procedure and

materials as in Exanple 1, 5 Table 3: Tenperature conditio
The temrlr)grature conditions ¥n the device were set as descrlge& n JPablee 3 and the

pellet-type foams were prepared by using the same procedure and materials as in Example

1.

5  Table 3: Temperature condition

Temperature Temperature
Device Zone No. | (C)
1 147
2" 167
First 3% 168
Extruder 4™ 218
5% 202
6" 188
Guide 248
1" 167
2" 147
Second 31 142
Extruder 4 137
5 137
6™ 132
Gear pump 130
Homogenizing device 129
Example 4

The temperature conditions in the device were set as described in Table 4 and the

pellet-type foams were prepared by using the same procedure and materials as in Example

10 1.
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Tenperature Tenperature Device Zone No. CC) 1St 147 nd 167 First rd 168
Extruder 4 218 5 202 6' 188 CGuide 248 1St 167 2" 147 Second 3r 142

Ext ruder WO 02854916 137 6th 132 CGear punp 130 Honopgeni zi RGTHRRO1529
Exanpl e 4 The tenperature conditions in the device were set as described in
Table 4 and the pellet-type foans were prepared by using the sane
procedure and materials as in Exanple 10 1. 32 WD 02/ 094916 PCT/ KRO2/ 00915

Tabl e 4: Tenperature condition Tenperature Tenperature Device Zone No. CQC)
Table 4. Temperature condition

Temperature Temperature
Device ZoneNo. | (C)
* 151
2™ 170
First 31 170
Extruder 41 219
5® 202
6" 190
Guide 252
1* 170
2% 150
Second 3% 146
Extruder 4™ 141
5 140
6" 135
Gear pump 130
Homogenizing device 127
Example 5

The temperature conditions in the device were set as described in Table 5 and the

5  pellet-type foams were prepared by using the same procedure and materials as in Example

1.

Table 5: Temperature condition

Temperature Temperature
Device Zone No. | ()
1™ 153
2" 172
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1St 151 2" 170 First rd 170 Extruder 4t' 219 th 202 6t 1 190 Guide 252
1St 170 2" 150 Second 3r 146 Extruder 4th 141 5t 140 6t 135 Gear punp
130 Honowermmi4dge devi ce 127 Exanple 5 The tenperature ceadikroengdisn the
device were set as described in Table 5 and the 5 pellet-type foans were
prepared by using the same procedure and materials as in Exanple 1. Table
5: Tenperature condition Tenperature Tenperature Device Zone No. CC) 1St

153 2" 172 33O 02/094916 PCT/ KRO2790915
Extruder 4" 225
5™ 203
6" 193
Guide 255
¥ 173
2 152
Second 3™ 147
Extruder 4" 141
5® 142
6" 137
Gear pump 134
Homogenizing device 130
Example 6

The temperature conditions in the device were set as described in Table 6 and the
pellet-type foams were prepared by using the same procedure and materials as in Example

5 1.

Table 6: Temperature condition

Temperature Temperature
Device Zone No. | (C)
1* 149
2" 170
First 3" 171
Extruder 4" 224
st 200
6" 191
Guide 250
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First 3r 172 Extruder 4t' 225 5t' 203 6 th 193 Guide 255 1St 173 nd 152
Second rd 147 Extruder 4 ' 141 th 142 6 137 GCear punp 134 Honogeni zing
devi ce 13WO0 oBwauypé e 6 The tenperature conditions in the de¢raRoawossset as
described in Table 6 and the pellet-type foans were prepared by using the
sanme procedure and materials as in Exanple 5 1. Table 6: Tenperature
condition Tenperature Tenperature Device Zone No. CC 1St 149 2" 170

First rd 71 Extruder 4IRst224 [5th 499 © 191
2" 150
Second 31 145
Extruder 4™ 140
5 140
6" 135
Gear pump 134
Homogenizing device 130

Example 7
The temperature conditions in the device were set as described in Table 7 and the
pellet-type foams were prepared by using the same procedure and materials as in Example

5 1.

Table 7: Temperature condition

Temperature Temperature

Device ZoneNo. | ()
¥ 150
ond 170
First 31 170
Extruder 4h 220
5™ 200
6™ 190
Guide 250
¥ 167
2 152
Second 3% 142
Extruder 4™ 141
5t 137
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Gui de 250 34 WD 02/094916 PCT/ KRO2/00915 |[Ist 170 2" 150 Second rd 145
Extruder 4t' 140 5th 140 6' 135 Gear punp 134 Honogeni zi ng device 130
Exanpl e Wohe/os@mper at ure conditions in the device were s@CTasRod®ssi bed in
Table 7 and the pellet-type foans were prepared by using the sane
procedure and materials as in Exanple 5 1. Table 7: Tenperature condition
Tenperature Tenperature Device Zone No. CC) 1st 150 2" 170 First 3r 170

Ext ruder 220 5t 7 [2004m bt 15?() (:IU@Q 250 |1St 167
Gear pump 134
Homogenizing device 130

Comparative example 1
Pellet-type foams were prepared by using the same procedure and materials as in
Example 1 and setting the temperature conditions in the device as described in Table 1
5  except that the homogenizing device was not operated. The homogenizing device was
maintained at a temperature of 130°C but was not activated. Therefore, the melt from the
gear pump passed through the temperature zone of 130°C without homogenization to be

introduced to the dies.

10 Comparative example 2
Pellet-type foams were prepared by using the same procedure and materials as in
Example 1 and setting the temperature conditions in the device as described in Table 1

except for the first temperature zone of the first extruder, which was set to 146 C.

15  Comparative example 3
Pellet-type foams were prepared by using the same procedure and materials as in
Example 1 and setting the temperature conditions in the device as described in Table 1

except for the second temperature zone of the first extruder, which was set to 173 C.

20 Comparative example 4
Pellet-type foams were prepared by using the same procedure and materials as in

Example 1 and setting the temperature conditions in the device as described in Table 1
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nd 152 Second 3rd 142 Extruder 4th 141 5th 137 35 WO 02/094916

PCT/ KRO2/ 00915 61 132 CGear punp 134 Honogeni zi ng device 130 Conparative
exanpl e IwBakioet1¢ ype foans were prepared by using the sameETHRROAMISe and
materials as in Exanple 1 and setting the tenperature conditions in the
device as described in Table 1 5 except that the honobgenizing device was
not operated. The honobgeni zi ng device was nai ntai ned at a tenperature of

130 C but was .no ctivated. Ther 1. fromthe ear punp passed
t hr ough tq%ee&téwéx@mwr@fawoap 05@’8?@%"%@}@‘%& Wh’&hﬂﬁf’éﬁ?&%t”é ‘to be
introduced to the dies. 10 Conparative exanple 2 Pellet-type foans were
prepared by using the sanme procedure and materials as in Exanple 1 and
setting the tenperature conditions in the device as described in Table 1
except f dPompeeativierexamplerfper at ure zone of the first extruder, which was set
to 146' C. 15 Conparative exanple 3 Pellet-type foans were prepared by usi ng

the sane procedelle-gpe fombsewerl Femsed by udi@ iR Rnk Bockdues didigateisls as in
tenperature conditions in the device as described in Table 1 except for

t he S%Cor]ﬁ(ah@[@?raﬁﬁ%ﬁmgoﬂﬁg té‘xfn dhird bohitiehstiUbe devithias Me¥@DHed gh Tablel’3 ' C.
20 Conparative exanple type foanms were prepared by using the sane

procedur g,g04 riBhe fdu‘?{hsceﬁlﬁeﬂaﬂlre zone of the first extruder, which was set to 226 C.

Comparative example 6
Pellet-type foams were prepared by using the same procedure and materials as in
10 Example 1 and setting the temperature conditions in the device as described in Table 1

except for the fifth temperature zone of the first extruder, which was set to 205C.

Comparative example 7
Pellet-type foams were prepared by using the same procedure and materials as in
15  Example 1 and setting the temperature conditions in the device as described in Table 1

except for the sixth temperature zone of the first extruder, which was set to 187C.

Comparative example 8
Pellet-type foams were prepared by using the same procedure and materials as in
20 Example 1 and setting the temperature conditions in the device as described in Table 1

except for the guide, which was set to 256 C.

Comparative example 9
Pellet-type foams were prepared by using the same procedure and materials as in

25  Example 1 and setting the temperature conditions in the device as described in Table 1
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Exanple 1 and setting the tenperature conditions in the device as described
in Table 1 36 WO 02/ 094916 PCT/ KRO2/ 00915 except for third tenperature
zone of twe okiopste extruder, which was set to 173 C . Conpararozeoaganple 5
Pel l et-type foans were prepared by using the sane procedure and materials
as in 5 Exanple 1 and setting the tenperature conditions in the device as
described in Table 1 except for the fourth tenperature zone of the first
extruder, which was set to 226C. Conparative exanple 6 Pellet-type foans
ver e pr eSEFe torthe &irsh tpmnesatarerong ppiedasadgrtuder whichmes g8t o 7410 Exanpl e 1
and setting the tenperature conditions in the device as described in Table
1 except for the fifth tenperature zone of the first extruder, which was
set to 205 C. Conparative exanple 7 Pellet-type foans were prepared by
usi ng t heCanpaatprecxedpleciand materials as in 15 Exanple 1 and setting the
tenperature conditions in the device as described in Table 1 except for

the sixth t eWpQIeﬂEﬂJﬂ'yge EQNE Weretpheparéd Y usit thedRine MBt&ird\@ed Seferible ad & C.
Conpar ati ve exanpl e Pel l et-type foans were prepared by using the sane

procequr g, mtﬁﬁie%ftﬁléqgg it@gg&@tugéégéﬁﬁiﬁmﬁs iANfe Febick %Std%gl:gibte& TR &aBleUr €

conditions 1n the cri In Table 1 excep r the guide,
whi ch was IV I t-1. f
pr epar ed %;géjtsf{)ﬁtag?%gn%a ggrt(ﬁ?)l%:eez gl??%rggeﬁ%l eerlgﬁ‘lé{ieg’ Vé’fsn\éﬁﬁvasggt@g?npl'e | and

setting the tenperature conditions in the device as described in Table 1
37 WD 02/ 094916 PCT/ KR02/ 00915 except for the first tenperature zone of

t he second extruder, which was set to 1741C.
Comparative example 11

Pellet-type foams were prepared by using the same procedure and materials as in
10  Example 1 and setting the temperature conditions in the device as described in Table 1

except for the third temperature zone of the second extruder, which was set to 148 C.

Comparative example 12
Pellet-type foams were prepared by using the same procedure and materials as in
15  Example 1 and setting the temperature conditions in the device as described in Table 1

except for the fourth temperature zone of the second extruder, which was set to 142°C.

Comparative example 13
Pellet-type foams were prepared by using the same procedure and materials as in
20  Example 1 and setting the temperature conditions in the device as described in Table 1

except for the fifth temperature zone of the second extruder, which was set to 143 C.

Comparative example 14

Pellet-type foams were prepared by using the same procedure and materials as in

25  Example 1 and setting the temperature conditions in the device as described in Table 1
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Conparative exanple 10 Pellet-type foans were prepared by using the sanme
procedure and materials as in 5 Exanple 1 and setting the tenperature
condi t i onwO0im/0P49e6 devi ce as described in Table 1 except frer/Kie/osBsond
tenperature zone of the second extruder, which was set to 153C.
Conparative exanple | | Pellet-type foans were prepared by using the sane
procedure and materials as in 10 Exanple | and setting the tenperature
conditions in the device as described in Table 1 except for the third
t enper at exeept méhosixthiempeetnelzanetof tliketeconchéxddem svhindt wasset 181 36 C .
Conparative exanple 12 Pellet-type foans were prepared by using the sanme
procedure and materials as in 15 Exanple 1 and setting the tenperature
conditions in the device as described in Table |I except for the fourth
t enper at Woshpaitive @kahple 1second extruder, which was set to 142 C
Conparative exanple 13 Pellet-type foans were prepared by using the sanme
procedure and I i i t e
conditions in ?ﬁ%ﬁ&%@%ggﬁggk%gggg?ﬁﬁgﬂpkﬁ¥%gﬁgﬂ%é%g%%ggfz?%gﬁ?ﬁ%ﬁ%?%?ﬁ
temperat @6 peNe aﬁé & {' & Stﬁ% ?r}ﬁj AL ugoenrditiovr\l@'iﬁ '%hé’"ﬁévi&e és ggscg‘iﬁg’d 4T ble 1
Conpar at i ve exanpl e ThhBd (ﬁ-QypeE?oanE Were pr epared Dy using the®sanme
pr ocedure andfnaéerials as Ln 25 Exaqai 1 and setting the tenperature
condi t i of%°§PhTArHRe gerl PERPa¥igh o sefd8 [fh Crable 1 38 WO 02/ 094916
PCT/ KRO2/ 00915 except for the sixth tenperature zone of the second
extruder, which was set to 13 8 C. Conparative exanple 15 Pellet-type
foans were prepared by using the sane procedure and materials as in 5
Exanpl e Commurativetekagplel® t enperature conditions in the device as described
in Table 1 except for the gear punp, which was set to 141 'C.

Pellet-type foams were prepared by using the same procedure and materials as in

10  Example 1 and setting the temperature conditions in the device as described in Table 1

except for the homogenizing device, which was set to 131°C.

Experimental example 1
The pellet-type foams obtained from Example 1 and Example 2 were measured
15 for DSC (differential scanning calorimeters; 10C/min. to 200C, 50cc/min. to N,
purge) transition temperature according to the test method KSM3050-2001. The results
are shown in FIG. 11 and FIG. 12. As shown in the DSC curves of FIG. 11 and FIG. 12,
the foams of Example 1 and Example 2 had melting points of 137.62°C and 128.38C,
respectively, which are lower than the melting point of 138°C of the random copolymer
20 (RP2400 (polypropylene-polyethylene(3%) random copolymer) used as the row material.
RP2400 random copolymer as control was measured for the DSC transition temperature.

The results are shown in FIG. 13.

Experimental example 2

25 The pellet-type foams obtained from Example 1 and RP2400 (polypropylene-
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Conparative exanple 16 Pellet-type foans were prepared by using the sane
procedure and materials as in 10 Exanple 1 and setting the tenperature
condi ti orwOio/0949¢6 devi ce as described in Table 1 except POI/KRV/00915
honogeni zi ng devi ce, which was set to 131 'C. Experinmental exanple 1 The
pellet-type foans obtained from Exanple 1 and Exanple 2 were nmeasured 15
for DSC (differential scanning calorineters; 10 Cmn. to 200-C, 50cc/ m n.
to N2 purge) transition tenperature according to the test nethod .
KSMB050- mgfﬂhﬂq@éﬁf’@a upndom gepolymens ¢antpl were] subjaed terthe, elamentay a9alydls. i n
the DSC curves of FIG 11 and FIG 12, the foans of Exanple 1 and Exanple
2 had nelThergalysis was peffotiB@d 82 uSingribe CESEAG1Q) elemegprey tnalgrey, Wi rdwulédy e

| ower than the nelting point of 138 C of the random copol ymer 20 ( RP2400

( pol ypr opyd shoempin TykieSydienctaddd. random copol yner) used as the row naterial .
RP2400 random copol yner as control was neasured for the DSC transition
tenperature. The results are shown in FIG 13. Experinental exanple 2 25
The pellet-type foans obtained from Exanple 1 and RP2400 (pol ypropyl ene- 39
WO 02/;094914a 8P§E§W/t19e0§éxﬁent9@ %gtylg%l ene(3% ) random copol ymer as contr ol
were subject to the elenmentary’anal’ysis. The analysis was perforned by

usi ng tHe CE EA- ISkbfplel enent ary analayadesis itdithe regults are shown in Table 8
given below. 5 Table 8: Results—af the—elerpptary anal ysis Sanple anal ysis
itemC (1% H (% N (% RP2400 |rGfdom Bdptl yNEro)gs. 1 15.0 N.D.  Pel | et-type

foams of "EXPIR(Fatd A clpotfmBr 0[°85.1 | 150 |ND.*
Pellet-type foams of Example 1 | 84.2 14.8 0.5

N.D. means “non-detectable”. The detecting limit of N is 0.1%.

Experimental example 3
The pellet-type foams obtained from Example 1 and RP2400 (polypropylene-
10  polyethylene(3%)) random copolymer as control were subjected to the FT-IR analysis.
The analysis was performed by wusing the Bio-Rad Digilab FTS-165 FT-IR
Spectrophotometer. The results are shown in FIG. 14 and FIG. 15, respectively.
According to the results, it is noted that the pellet-type foams obtained from Example 1 and

RP2400 random copolymer have a main component of polypropylene.

15
Experimental example 4
The open cell contents of the pellet-type foams prepared in the Examples and
Comparative Examples were measured according to the procedure C described in the
ASTM D 2856-70.  The results are shown in Table 9 given below.
20

Table 9
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N. D. neans "non-detectable". The detecting limt of Nis 0.1 %

Experinental exanple 3 The pellet-type foans obtained from Exanple 1 and
RP2400 ( pobypooyé ene- 10 pol yet hyl ene(3% ) random copol ymer/Krn20emsr ol
were subjected to the FT-1R analysis. The analysis was performed by using
the Bio-Rad Digilab FTS-165 FT-1R Spectrophotoneter. The results are shown
in FIG 14 and FIG 15, respectively. According to the results, it is

not ed tha{t The pertet-Tygge.d @A obt ai ned from Exanple 1 and RP2400 random
copol yner| have a mai n clonponent of |pol ypropyl ene. 15 Experinmental exanple 4
The open [cel | cont e dfontdmé pel | et -type foans prepared in the Exanples
and Corrpﬁ.tati ve—Bxanphes—were—+easiured according to the procedure C
described in the ASFM D 2858%70. The results are shown in Table 9 gi ven
bel ow. 20 Table 9 40 WO 027 Q94p16 HCT/ KRO2/ 00915 Open cell No. content 1
6% 2 13% 3 12% Exanplie 4 16% 5 14% 6 7% 7 12%
3 12%
Example 4 16%
5 14%
6 7%
7 12%
1 68%
2 49%
Comparativ | 3 52%
e example 4 38%
5 44%
6 39%
7 52%
8 40%
9 37%
10 36%
11 31%
12 53%
13 29%
14 28%
15 26%

Experimental example 5

Other physical properties of the foams prepared in Example 1 were measured

according to a conventional method. The results are shown in Table 10 given below.

Table 10
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1 68% 2 49% Conparativ 3 52% e exanple 4 38% 5 44% 6 39% 7 52% 8 40%
9 37% 10 36% 11 31% 12 53% 13 29% 14 28% 15 26% Experinmental exanple
5 O her pwoanogddieroperties of the foanms prepared i n ExanmpiCa/KRozmoas
measured according to a conventional nmethod. The results are shown in

Tabl e 10 given below. 5 Table 10 41 WD 02/094916 PCT/ KRO2/ 00915 Item Foans
of Exanple 1 Magnification 25 Appearance color Light ivory Cell Size 300

[ an’ Item Foams of Example 1
Magnification 25
Appearance color Light ivory
Cell Size 300 /m
Compressive strength 0.81 kgf/cm®

Experimental example 6
The pellet-type foams obtained from Example 1 was molded by using a molder,
500GF 4, produced by Daekong Machinery Co., Ltd., with a molding pressure set to
5  2.5kgf/cm® (temperature of about 138°C), to produce a well-molded article. Through
production of such a well-molded article, it is proved that the pellet-type foams according
to the present invention are melted at a temperature of 138°C to adhere to each other,

leading to sold bonding between foams.

10  Experimental example 7
The pellet-type foams obtained from Example 2 was molded by using a molder,
500GF 4, produced by Daekong Machinery Co., Ltd., with a molding pressure set to
2.4kgflem® (temperature of about 132°C), to produce a well-molded article. Through
production of such well-molded article, it is proved that the pellet-type foams according to
15  the present invention are are melted at a temperature of 132°C to adhere to each other,

leading to solid bonding between foams.

From the above description, it will be appreciated that the present invention can
be embodied as other specific forms by those skilled in the art without departing from the
20  spirit and indispensable features of the present invention. With regard this, it should be

understood that the examples and experimental examples described above have been made
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Conpressive strength 0.81 kgf/cm Experinental exanple 6 The pellet-type
foans obtained from Exanple 1 was nol ded by using a nolder, 500G 4,
produced w9 iagloocrg Machi nery Co., Ltd., with a nol di ng pPeTaRR/08ES to 5
2.5kgf/cn2 (tenperature of about 138C), to produce a well-nolded article.
Thr ough production of such a well-nolded article, it is proved that the
pell et-type foans according to the present invention are nelted at a
tenperature of 138 C to adhere to each other, leading to sqld bgnding

bet ween PYIH, oL oxample ApdraAt at 2 SRuiFHPR 7t sheulddel @stflgﬁdéhﬁb%lh@OQEtcaﬁl%d
from Exanpl e 2 was nol ded by using a nolder, 500G- 4, produced by Daekong
Machi ner yndhange derivad fiomn theosanige pndssoope ofethet dain, désgfibeghbelow and
(tenperature of about 132C), to produce a well-nolded article. Through

pr oduct i equichlestucdhanethbn ind desleaddséription antd equivelente dhdréet are listepddd! ©t bd ype
foanms according to 15 the present invention are are nelted at a tenperature

of 132- Cihdhuddneifign tige ﬁ;@p@opmﬁ'[,thentlbﬁadl ng to solid bonding between foans.
From t he above descrlptlon it will be appreciated that the present

i nventi on can g R g&otgg c%mr-cr%ﬁﬁkéd ol?ﬁfg?gleﬁé/ a&émﬁ 3K tle! (28seh tﬂe

an mnthout departln 20 spirit. an pensable eatures o

pr esent t h

exanpl es 30 Héfiﬁgsr?ynié%{ha{e%%%anﬁlf §1;§0 egg]r“}ggggll‘ o%letﬂ%geﬁbogceigs rrtr(;w;gjiéo{j go V\D
02/09491 2/ 00915 by way of.exa ot. as ion

Should bdittHs PrFcRenbems af bt Preick: B oh A esin & kPO Bhof oo
meani ng an scope of the clains described bel ow and equival ent rather than
the abovélEEERFBHPHN and equival ents thereof are intended to be included
within the scope of this invention. 5 The pellet-type foans of

non- crossl i nked pol ypropyl ene according to the present
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i nvention has a closed cell content of 80%or nore and a nel ti
125 to 140 Cso that the pellet-type foans of the invention i

ng point of
s much

avai | abl ewor2adst@ndpoi nt of formati on and regenerati on. PE3/KHD20091894916
PCT/ KRO2/ 00915 WHAT IS CLAIMED IS: 1. A pellet-type non-crosslinked

pol ypropyl ene foam having a nelting point of 125 to 140'C. 5

2. The

pell et-type non-crosslinked pol ypropyl ene foamof claim1, wherein the
cont ent I i.s.80%or nore. 3. The pellet-type non-crosslinked
pol yprop%@rcﬁgofigwlzpﬁm 1 or 2, wherein a nelting point is from 125
to 130'C. 10 4. A net hoq for pr epariﬁ%ﬁa p?l | et-type naon-crosslinked

o

pol ypropyl ene 1f oam KaRslistepeontqross

of, (a) extruding a non-crosslinked pol ypropyl ene random copol
mel ti ng pYilad tof40188 to 140 C through a tandem extruder; said

swropyeieigamhering agpsiting Pt st eps

ynmer having a
t andem

extruder consisting 15 of the first extruder divided into the first
tenperature zone in which a tenperature of 147 to 153 Cis set, the second

tenperature zone in which a tenperature of 167 to 172C is set,

the third

tenpesature zone in Vi Bllé-tpapei-afodsimked p%l?grdp‘?lehszo&ioﬁ chgh 1, Wherelourth

tenperature zone in which a tenperature of

to 225 Cis set, the fifth

t enper at Yhe ARAE of E1Bsefiefb ifgdeePeload ure of 197 to 203 Cis set, and the
sixth tenperature zone in which a 20 tenperature of 188 to 193 Cis set,

the second extruder divided into the first tenperature zone i

n which a

tenperature of 167 to 173 Cis set, the second tenperature zone in which a

t t f o147 tQ,152 C | t, the third t in which
Lemper ature of > 142 de ppAechPe Watero PRl by CPERRErH of ime s gk ch

tenperature of 137.to 141 Cis
P where?n a melting point is %rom 125t0 130°C.

10

4. A method for preparing a pellet-type non-crosslinked polypropylene

foam having a melting point of 125 to 140°C, comprising steps of;

(a) extruding a non-crosslinked polypropylene random copolymer having a

melting point of 138 to 140°C through a tandem extruder; said tandem extruder consisting

15 of'the first extruder divided into the first temperature zone in which a temperature of 147 to

153°C is set, the second temperature zone in which a temperature of 167 to 172°C is set,

the third temperature zone in which a temperature of 168 to 172°C is set,

the fourth

temperature zone in which a temperature of 218 to 225C is set, the fifth temperature zone

in which a temperature of 197 to 203°C is set, and the sixth temperature zone in which a

20  temperature of 188 to 193°C is set, the second extruder divided into the first temperature

zone in which a temperature of 167 to 173 C is set, the second temperature zone in which

a temperature of 147 to 152°C s set, the third temperature zone in which a temperature of

142 t0 147°C is set, the fourth temperature zone in which a temperature of 137 to 141°C is

set, the fifth temperature zone in which a temperature of 137 to 142°C is set, and the sixth

25  temperature zone in which a temperature of 132 to 137°C is set, and a guide connecting
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set, the fifth tenperature zone in which a tenperature of 137 to 142 Cis
set, and the sixth 25 tenperature zone in which a tenperature of 132 to 137
C is set,wandosogui de connecting 44 WO 02/094916 PCT/ KROPCOOSRN3/00418e fi r st
extruder and the second extruder with a tenperature of 248 to 255 C; (b)
flow ng the extruded material conpulsorily by a punping at a tenperature of
125 to 140 C, (c) honogeni zing the extruded material at a tenperature of
120 to 130 C; 5 (d) expanding the honpgeni zed material through a dies; and
(e) cutt itheyfisshextegden e mpég esirudes withadpmpgreture of 2485 358dns. 5. The

met hod for preparing a pellet-type non-crosslinked pol ypropyl ene foam of

cl ai m 4, wher e(ly fewidg tleaerthaied chadered compilsordfy 0/ pampimgrag a tdidp@Gatuthel

nmet hod for preparing a pellet-type non-crosslinked pol ypropyl ene foam of
clainms 4105td140Merein said foamhas a nelting point of 125 to 130'C. 7. An
article nolded fromthe foamof claim1. 15 8. A device for producing a

pel let-type nO(C)%‘bﬁﬁ)%!sﬁiﬁﬂﬁgﬁh@&hm%@Hié'te@ﬁ?atf@t@?iﬁeﬁﬂiﬂa691@0 teldo'mg point  of
e

125 to 140 C, conprising first extruder, e second extruder connected

to theg first eg(?){&ggr{dhghgglmogtgﬁlg@dﬁlatgggqﬁlcohggatd(?#Qﬁdsecond extruder, a

honogeni zing p onn to e punping part and’a dies part connected

to the 20 ho enj,zi ar t erein the.fir extyuder conprises a
cylindri cal C;T?%r%}g}rx}giqﬁe gﬁﬁagﬂeagﬁg%éflg&osoﬁgaﬁ p?l%%-tyrpgéﬁ%rga rotatably, a
driving neans installed at an end of the cylinder for rotating the screw

shaft and a plurality of cooling nmeans and heati ng nmeans nounted on an

outer circunference of the cylinder, the cylinder has entrances faorned at
an end portion3t her edhe method Tor preparing a pellét-type non-crosslinked polypropylene

foam of claim 4, wherein said foam has closed cells of 80% or more.

10
6. The method for preparing a 'pellet-type non-crosslinked polypropylene
foam of claims 4 or 5, wherein said foam has a ‘melting point of 125 t0 130C.
7. An article molded from the foam of claim 1.
15
8. A device for producing a pellet-type non-crosslinked polypropylene foam

having a melting point of 125 to 140°C, comprising the first extruder, the second extruder
connected to the first extruder, a pumping part connected to the second extruder, a
homogenizing part connected to the pumping part and a dies part connected ‘to the
20  homogenizing part, wherein

the first extruder comprises a cylindrical cylinder in which a screw shaft is
mounted rotatably, a driving means installed at an end of the cylinder for rotating the screw
shaft and a plurality of cooling means and heating means mounted on an outer
circumference of the cylinder, the cylinder has entrances formed at an end portion thereof

25  corresponding to the driving means for supplying a row polypropylene and a nucleating
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25 corresponding to the driving neans for supplying a row pol ypropyl ene and
a nucleating 45 WD 02/094916 PCT/ KR0O2/00915 agent thereto, an exit forned
at anot hewoan@oqos t i on t hereof, entrances forned at a m dPCEpaRR20M15her eof
for supplying an additive and a foam ng agent, respectively, whereby the
row material supplied to the cylinder via the entrances is flow

conpul sorily toward the exit by the screw shaft rotated according to the
driving neans; 5 the secpond extruder conpri.ses a cylinder i.nto which.the
pol ypr opyEEHEARI% 30 GUCRAPGLA! ROHFY P BOFHOR dusreqll CRiRces Famedhah i | s
supplied through the guide, and a_ plurality of cooling neans and a heating
nmeans nowWerEn thereghfasueplyag supddirieherd 8 dpdmiss agent, fespeetivel v dderepy the
adjusting a tenperature of the polypropylene nelt in the cylinder.; the
punpi ng pawmtmaemgdsingdieddo thesiyhigdérawia thy eatranaes ér flep acmpillsovlywhivetd thhexit 10

pol ypropyl ene nelt discharged fromthe cylinder of the second extruder is

suppl i ed,byahpsdréw shdft geated acoosding teille detviagaidayis,and meshed wi th each ot her
in the inner space of the casing and a driving nmeans for rotating the

gears,s wher eby hd1gedeal YéxiRaYt @BRpARIst a TYRddrSidid K@@ Bhe ?plyfoffofb‘ﬁene melt
conmpul sorily; the honogeni zing part conprises a first cylindrical housing

I nto wWhi Giischfiged FronP 1BRt ependelkl db3adas 6P ofidd Wrb | bNgeTangf 5 the
punpi ng pésrct 5&%2 supp?llge)e/gﬁ,; ﬂlia%e%?i résr'?1 &houmﬁng Sbegﬂé cfnstg% E}% %lgt étaélbl %/, a
driving ns. for rotating the first _housin screw conn ed to.an exit
endof -t TR nBE R A0 sHa g el el ler RATRER R Mt
ci rcunf e:fg ce @f t Ig}e scfr ew, a frame m){.lnt ed1 to a out%@chr cynference of
the secorft hFHEAFHJOF EHUTBER PERIP Pt NG RPYSIRRYE ISR N A EEtoNd
housi ng and the frame, and a 20 honogeni zing neans installed at a rear end
of the second HesuPPRGINSRET SHNRIISEpiar gAsiNgphedng & froeheRatse iR eihiehdhe cr ew
and the second housing along the entire Ienfqt h of the screw so that the
pol ypiPopyrodipeopyiéne ra¢ls disehageed fromithe hdinder ef thh sesrindgxirudéd i wnppliet epaipace
formed between the screw and the second housing and di scharged to an
out si de, o gemalnstalladsétatably and meshed with each other in the inner space of the casing and
a driving means for rotating the gears, whereby the polypropylene meli supplied therein is
flow compulsorily;
the homogenizing part comprises a first cylindrical housing into which the
15 polypropylene melt discharged from the cylinder of the pumping part is supplied, the first
housing being installed rotatably, a driving means for rotating the first housing, a screw
connected to an exit end of the first housing, a second housing located on an outer
circumference of the screw, a frame mounted to an outer circumference of the second
housing for forming an airtight space between the second housing and the frame, and a
20 homogenizing means installed at a rear end of the second housing; wherein a spiral space
is formed between the screw and the second housing along the entire length of the screw so
that the polypropylene melt discharged from the first housing is flow in the space formed
between the screw and the second housing and discharged to an outside, a heat transfer

fluid oil flows in a space formed between the second housing and the frame to adjust a

25  temperature of the polypropylene melt which flows in the second housing, and the
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fluid oil flows in a space forned between the second housing and the frane
to adjust a 25 tenperature of the pol ypropylene nelt which flows in the
second howeimmg94sad the 46 WO 02/ 094916 PCT/ KR0O2/ 00915 ROoWIKRRI0EI18g nmeans
crushes the pol ypropylene nelt; the dies part into which the pol ypropyl ene
melt discharged fromthe honogenizing part is supplied is consisted of a
di scharging part , a cutting part and a driving neans so that expanded

f oans ar g é_lut rgt.na ceertai ssit%e]. 15 9. 1'I'he d@vi ce for producing a
pellet-tyﬁ Eear B Al ar ey BY EPYYPESER ™ ool i ng nmeans nounted to the
cylinders of the fi.rst and secopd exiruders is a casjng,.i ich a cooling
wat er suppl i edr&fer o‘iﬁasdnp%t‘é‘f‘ﬁew }Cavxé%le tPngQfBBIﬁP’PF‘g m&fﬁe&%ﬁggwe ofg e
casing is contacted with a surface of the cylinder and fl ow al ong the

casi ng sdomegenigng ParieispBipatied és spnsitied p%a;%&c@m@qémm cgttiag PRftowd 3 n t he
cylinder becones |ower, each heating neans nounted between two casings is
a heat er drivinghedns ao hwhekpagdedidamssare ngtahh bethin sik®. The devi ce for
producing a pellet-type foamof claim8, wherein the cylinder of the first

extruder is divided into six tenperature zones according to the 15
tenperature condition of the polypropylene nelt supplied to the cylinder, a

temperature of 9 eachTaenRvice fRfipusdiRMgbY pbile-tfROfdaRfoleRNs BRMhPEAtLhED
means nmounted to an outer circunference of the cylinder, a tenperature of

the pol yWOQW%%Enswﬁllogn{ea 1d4He Egli&éﬁs & ae 1%@!“{&‘%5 iiéfgh%teggﬁ&{rﬁtiéjﬁ%aﬁ@é‘% 167

to 172 C at the second tenperature zone, e thir

t enper at ur ne,.: 218 1o 225. t the fourth temperature zone, ;197 tp 203 C
at 20 1 HAF FRFoutnRated it Rl a8 PO BREORY RafS omied dans ac or o
zone. 11. The .device for. producin ellet-t foam of clai.ms 8 or 10,
Sher ei 1 e BB SOBEGORUILA duE, OF Suf Priiznatif oo ABARgRE GASTS 5 B ¢ r 5
tenperature zone of the cylinder of the first extruder, an antistatic
agentllj s SMPHRIVEY of ghe pelypippyleng éﬁﬁéﬁ%ﬁt Jlasvszignthe cylinder becomes lower, each

heating means mounted between two casings is a heater in which a heating coil is installed.

10. The device for producing a pelle‘;-type foam of claim 8, wherein the

cylinder of the first extruder is divided into six temperature zones according to the

1s  temperature condition of the polypropylene melt supplied to the cylinder, a temperature of
each zone is adjusted by the cooling means and heating means mounted to an outer
circumference of the cylinder, a temperature of the polypropylene melt is 147 to 153°C at

the first temperature zone, 167 to 172°C at the second temperature zone, 168 to 172°C at

the third temperature zone, 218 to 225C at the fourth temperature zone, 197 to 203C at

20  the fifth temperature zone and 188 to 193C at the sixth temperature zone.

11. The device for producing a pellet-type foam of claims 8 or 10, wherein a
polypropylene and a nucleating agent are supplied to the first temperature zone of the
cylinder of the first extruder, an antistatic agent is supplied to the third temperature zone,

25 and a foaming agent is supplied to the fourth temperature zone.
47



25 and a foam ng agent is supplied to the fourth tenperature zone. 47 WD
02/ 094916 PCT/ KR0O2/ 00915 12'. The device for producing a pellet-type foam
of cl ai mwo,02ibei n the foam ng agent to be supplied to he/kKRoiopder of
the first extruder is CO2 discharged froma device for supplying G2, the
device for supplying CO2 conprises a tank for storing C02, 5 an unit for
vapori zing and freezing CO2 connected to the tank, a stabilizing unit for
transform ng CO2 supplied fromthe unit for vaporizing and freezing into a
vapor; and a storage unit for storing CO2 supplied fromthe stabilizing
unit to supply G2 into the first cylinder of the first extruder. 10 13.
The device for I8r odudibsgdeyicsefor aroduging & pahistoppe ffeanmog claimetloi whereia the
cylinder of the second extruder is divided into six tenperature zones

accor di ngoemingragenttterpsesuppliedetogbe dylindenobthe fing eptrhigqprio B-ahehargkd frouppl i ed
to the cylinder, a tenperature of each zone is adjusted by the cooling
means andiehgatfomappBaisCopuht ddvice farsupplytiy CO; camprises anatk ff stdtidg €O, nder ,
a tenperature of the polypropylene nelt is 167 to 173 C at 15 the first

t enpersat WneudP W6 vaifbfiziny aRP fleedingt 0O, ORI @MRRI BLMS & FdMSsingl 4ditter 147 C
at the third tenperature zone, 1%7 to 141 C at the fourth tenperature

zone, 13%.4 Qb gcb &) suﬁﬂ%%d ff%gf]r% Qlaé 5P %Ia\;ak%ﬁziﬁg Gd %@zi%gé?t{ooa %gb%r;cdr@g% ?nhg ;

si xth tenperature zone. evice for producing a et -type

of "t he. Ui Ly b8 ot G SRal T e BOFPRR T ifaabe Bt he: ™

toward a center .of the inner space to nake the pol ypropyl ene nelt nove
conpul sor(?yﬁﬁaefr@fgher%ﬂe"ﬁ tess position. 15. The device for producing a
pellet-type foamof claim8, wherein the first 25 housing of the
honogeni zing part is supported rotatably to support plates through a 48 WO
02/ 094916 PCT/ KR02/ 00915

10 13. The device for producing a pellet-type foam of claim 8, wherein the

cylinder of the second extruder is divided into six temperature zones according to the
temperature condition of the polypropylene melt supplied to the cylinder, a temperature of
each zone is adjusted by the cooling means and heating means mounted to an outer
circumference of the cylinder, a temperature of the polypropylene melt is 167 to 173°C at
15 the first temperature zone, 147 to 152°C at the second temperature zone, 142 to 147°C at
the third temperature zone, 137 to 141°C at the fourth temperature zone, 137 to 142C at

the fifth temperature zone and 132 to 137°C at the sixth temperature zone.

14. The device for producing a pellet-type foam of claim 8, wherein the two
20 gears mounted in the inner space of the casing of the pumping part are rotated in an
opposite direction from each other toward a center of the inner space to make the

polypropylene melt move compulsorily to a next process position.

15. The device for producing a pellet-type foam of claim 8, wherein the first

25 housing of the homogenizing part is supported rotatably to support plates through a
48



plurality bearing bl ocks, a drive sprocket of the driving neans is geared
with a driven sprocket fixed to an outer circunference surface of the
first howwong/oswié hat the first housing is rotated in re®Ppond®20091an
operation of the driving neans. 5 16. The device for producing a

pell et-type foamof claim@8, wherein the honbgenizing neans of the
honogeni zi ng part is consisted of a rotating plate nounted rotatably and a
fixing plate.cantact ith the rotating.plate, the rotatin ate .has a

bl ur &b LRI R g ok o dee aeichr PR Tivile Feeh Srare i Gvet
plurality of circular holes, A whereby after the supplied polypropyl ene nelt
i s arrivéarogkett feed o ar jower prisuaianeace sa&eq ofothenitsugpudng ﬁME@tn hsgisbr ned
on the rotating plate, the polypropylene nelt is cut by an edge of each
openi ng dibusihg isrrotagedi in gegpbagesqf aarngpetation of the deivingtreeansol ypr opyl ene nelt is
ground between the rotating plate and the fixing plate by the rotating
plate. 17. The device for producing a pellet-type foamof claim8, wherein
15 the discharging part of the dies part is consisted of a hollow guide bar

and as cylinderg| ocatrpgd RRic8NfoPWYrsdidengOh pellgr-9pé dearRadf, clhide sgWildiPake has a
plurality of cavities formed on the outer cifcunference thereof in a

| ongi t Udil—%ﬁ*o Qﬁi&iﬂ%gﬁ%s e tB@ﬁo%&gﬁzmghaﬁqs doli@btell E)? apfgté‘cgl,rgc‘@)@egrﬁﬁl# tt ts

di schar ge omt nogeni zi ng part ows I n each cavit Ity of

t hrough h are, fo d portions he | i nder i re rresponded
to 20 th éagayyi ?L?de ,ﬁ)gg% ﬁ)eei%tf i P af;%% Y‘ﬁg t@%f?‘%@ ﬁgaﬁ?’ %rr%?e}usésp lgtgs}ﬁgp%rti ng
pl ate |l ocated at. a rear side, of .t

e dischargin art. and cuttin nbers
P xed t o My g5 sarT e pinged il e abe s st pRghb ol e G it s
cylinder, each cutting nenber has a plurality of through holes formed at
posi t i onsVhgrehyeatter dhe Binpbisd eabypernyéeneeelpisuaEved gt e roteing glthandpassed t he
cylinder, 25 respectively; and 49 WO 02/094916 PCT/ KR02/00915 the driving
meanslOc orfhrougle sacdnopaniienfarined canthe gbtatingiplage, tthe polyatapybaneamelbisoeyt by an
edge of each opening of the rotating plate, and then the crushed polypropylene melt is

ground between the rotating plate and the fixing plate by the rotating plate.

17. The device for producing a pellet-type foam of claim 8, wherein

15 the discharging part of the dies part is consisted of a hollow guide bar and a
cylinder located on an outside of the guide bar, the guide bar has a plurality of cavities
formed on the outer circumference thereof in a longitudinal direction of the guide bar so
that the polypropylene melts discharged from the homogenizing part flows in each cavity, a
plurality of through holes are formed at portions of the cylinder which are corresponded to

20 the cavities, respectively;.
the cutting part comprises a supporting plate located at a rear side of the
discharging part and cutting members fixed to the supporting plate and located movably on
an outside of the cylinder, each cutting member has a plurality of through holes formed at
positions where are corresponded to the plﬁrality of through holes of the cylinder,

25  respectively; and
49



crank connected to the eccentric camand rotated in response to a rotation
of the camand a power converting and transmtting neans connected to the
crank forwomnMemié ng a rotating novenent of the crank i nPOT&RR0eHS
novenent and transmtting the linear novenent to the 5 supporting plate to
which the cutting nmenber is fixed; whereby each cutting nmenber is

reci procated al ong the outer circunference of the cylinder according to an
operation of the driving nmeans so that the pol ypropyl ene foanms expanded

t hrough each t Hicodrging sleanpeomprases @ sceridtic Fam dgingaple tywiated Ytah@ogﬁraough
hol es of the cutting nmenber. 10 18. The device for producing a pellet-type
f oam of clamkmoffecteditertles ecceantridicametndrrofedgactspohredagirotation 0% theraach and & he
cylinder is less than that of each through hole of the cutting nenber,

each thr gaghkr bedvertiik dnb@ranyhittifde mdads tamatted totheacradnfor abnyatiid amnotafing t he
correspondi ng through hole of the cutting nmenber at an initial position. 15

19. The dewieaRnf &f théicﬂah@ g6 aNBeROhb@Imdny REd fr%iﬂl@fng%@hﬁ@al fmovehehebhd he
cylinder has a plurality of grooves are formed an outer circunference

ther eqf ' Lﬁggﬁ’cet tedi,pah 4 rcﬁ& (}Hem%é?‘i's @fx@? a’&vh&%b%%@& Mﬂﬁg oM & ©

flxedtot ort plate are cate rmvabylnt egroove

respectiv each cutti rec t rod
by fixi née%%fgﬁ%e(gglofl%g} Oué?h“‘%ﬂ???rﬁ%cenoéﬁ%e?ﬁinger &€ Pf) %%a(%% 6;%6&@0%1 Ogu er 20
circunference of the cylind t he_each recj procating.r

F eci pr ocAF RSB SO ik B Suabeens FRams\pasls h5geh o GRSt ne
producing a &gl |l et-type foamof claim17, wherein the dies part further
conpri ses$YRNGEs i b gdees ol Msthsoughrholss of et quitigamnempetd change of a 25

tenperature and pressure to the expanded and extruded foans, the
deconpression nmeans is 50 , WO 02/094916 PCT/ KRO2/ 00915 a casi ng which is
able to isolate the discharging part and cutting part from an outside
(at mospheric), 18he cahenfgvivasioanpredidimaepdiet-typt oamgf whimhl 7anwisdréinis f 1 ow
and an exit port through which an air is exhausted at both sides.

diameter of each through hole formed on the cylinder is less than that of each through hole

of the cutting member, each through hole of the cylinder is located on a central portion of

the corresponding through hole of the cutting member at an initial position.

15 19. The device for a producing pellet-type foam of claim 17, wherein the
cylinder has a plurality of grooves are formed an outer circumference thereof in a
longitudinal direction, reciprocating rods whose ends are fixed to the support plate are
located movably in the grooves, respectively, and each cutting member is fixed to each
reciprocating rod by fixing means so that each cutting member is reciprocated on an outer

20  circumference of the cylinder by the each reciprocating rod which is reciprocated along

each groove of the cylinder.

20. The device for producing a pellet-type foam of claim 17, wherein the dies
part further comprises a decompression means for preventing a rapid change of 4

25  temperature and pressure to the expanded and extruded foams, the decompression means is
50 .



5 21. The device for producing a pellet-type foamof claim17, wherein the
dies part further conprises a cooling device for cooling the cylinder, the
cool i ng dwoiem949tenpri ses; a supplying pipe into which a ReatkRans=ser
fluid oil is supplied froman outside, the supplying pipe being |ocated at
a front of the cylinder; 10 a plurality of flow ng pipes having entrance
ends connected to the supplying pipe and nounted in the cylinder along the
entire length of the cylinder; and a dischargi ng pipe being |ocated at a,
front of & RSing/Whichds aalrite sake theydisehassing pagnald etting @art oW g PHPde f or

receiving the heat transfer fluid which exchanged a heat with the
cyl i nder .(atm®osBheric), the casing has an entrance port through which an air is flow and an exit port

through which an air is exhausted at both sides.

5 21. The device for producing a pellet-type foam of claim 17, wherein the dies
part further comprises a cooling device for cooling the cylinder, the cooling device
comprises;

a supplying pipe into which a heat transfer fluid oil is supplied from an outside,
the supplying pipe being located at a front of the cylinder;
10 a plurality of flowing pipes having entrance ends connected to the supplying pipe
and mounted in the cylinder along the entire length of the cylinder; and
a discharging pipe being located at a front of the cylinder and connected to exit
ends of the flowing pipes for receiving the heat transfer fluid which exchanged a heat with
the cylinder.

15
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