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pol ypr opy ene 'toam havi ng a neltind!$e*nt of 125 Cto a process for

producing said foam a device for realizing said process and an article
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strength and cushi oning properties, a polypropylene resin foamis w dely
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cross-sectional area of about 5 x 2.54 square centineters, a mninma
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realizing said process and an article molded from said foam.

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 aﬁd
a low melt viscosity and is difficult fo 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, 6,051I,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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prepared by grafting a vinyl cononomer to pol ypropylene resin particles to
formthe 25 nodified copolyner resin particles and foam ng tggd@@glfled
copolynmer resin particles. 1 ~ *@0002* 0 4 OCT 2005 Wo0dp

PCT/ KRO2/ @dPdamokdps pat ent No. 6,077,875 (issued June 20, BEPRKRoTHDEd OSES

f oamed and expanded beads of a pol ypropylene resin for nolding prepared
froma non-crosslinked propyl ene-ethyl ene random copol yner. The foaned
beads 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 ONUR\paten-so. 53517) 8k éiskupd Dyer2p 20¢0) disclesdsrfoarsedadanpagled beadasf 4t can
be recycled and the pellet-type foam produced fromthe resin can be easily
nmol ded. Hmlyprepylerehmesipefor aheldingppreparadnfm & nescioksliokgh peopylernsethpleaé t he
non- cr ossl i nked pol ypropyl ene resin contains 10 open cells to no snall

ext ent andnddiSogotyni el RIBamEDBeatis 6f e TS fak@Phhd diVopeh Bl BHtdbf 4Rt f oam
must contain a great anmount of closed cells for nechanical strength. It is

only JSP 4000 rms ﬁ&f&ébl@ﬁs%ﬁmﬂastM&HQ?Q&Bt &M 1e48r149°g hat successful 'y
comer ci aIIy produces a pellet-type foamfroma non-crosslinked

pol ypropyl ene resin. However, while it is recognized that the pellet-type
non-crosslinked pol ypropyl ene foam having |ower nelting 15 point are highly

val uabl e CIF(]QO t ng and excellent recycling, a pellet-type
non-cr ossﬂy d RI\Eypr ova‘ene oam having a nelting point of 140 C and | ess

S o Yot e € RoRrREHEES pol AR B ereril s AVARERCcS of RaREETERbH U™ | o7

"is to provide a pe ropyl éne resi oam wi i'ng point

of 140 C the ggl?e? %}gf\@[‘%&n ﬁr&%u%d) ﬁ'ﬂﬁletﬁe rés?fhﬁl ?]eZQasﬂi? (f&e%s ﬂo §§rdth% eM&r opyl ene

resin to ensure recy as a con

type foam obtained through extrusion of the non-crosslinked polypropylene resin contains
10 open cells to no small extent and thus is useless. For its practicability, the pellet-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 ndn—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 ha\'/e
successfully produced pellet-type foams of non-crosslinked polypropylene with a melting
point of 125 to 140°C, which comprises about at least 40% of closed cells by providing a

25 tandem extruder with a plurality of temperature zones having specifically varied
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cells to provide a satisfactory nechanical strength and can be nolded into
various shaped packaging nmaterials, and a nethod for producing the sane.
The inventors have successfully produced pellet-type foangi@C 209,

non- cr osskydB@.Ag! ypropyl ene with a nelting point of 128.40.149.C which
conpri ses about at |east 40% of closed cells by providing a tandem

extruder with a plurality of tenperature zones having specifically varied 2
0 4 OCT 2005 WD 02/094916 PCT/ KR02/ 00915 tenperatures, naking the
non-crossl i nked pol ypropylene resin nmelt having a nmelting point of 138 to
140C f | oviemperaturgs, mhlcing heponerasslinked pelypropgleharssinahéli hdvingogmelting point he

pol ypropyl ene resin nelt passed through such zones at a | ower tenperature
of 120 t oof 1B30toC140R plowdithmpugth ¢hehtempernire ednese Imechdnicallyg rhomogeniziag ithey of
holes forned in the dies 5 under pressure, and cutting expanded foans

di schar gemblypropyldnbearetinlmealt pissédehralighssuch rzoaereatas Pewdr, teinperatprees£M20 kvent i on
provi des a pellet-type non-crosslinked polypropylene foam having a nelting

poi nt of IBRE,texpdntihg e HomogenitddemelagRegdh a phiralty oF Gblkes avRA A @ deoVi des a
nmet hod for preparing a pellet- type non-crosslinked pol ypropyl ene foam

havi ng a utert freguieCdndt cutinge2Bariied fodfhs dischakBed Rt theJong oftiRRIfesOf ; () _
extrudi ng a non-crosslinked pol ypropyl ene random copol ynmer having a nelting

poi nt of 138 t @n IdHRCadpBEtOUBY pResbr@NOBALRM! profiRIes 4 pelldtanste AblylosdldREd

consisting of the first extruder divided into the first tenperature zone in

which a gobyppesyidned Fean®havk ain@ni%ggoiﬁt&slzg%mh.e second tenperature zone in
which a tenperature of 1 to 1 Cis set, the third tenperature zone in

which a tenper a4 b @h@iasds thdprisent fﬁv&ﬁm@r@@ges z{ﬁ@h???{r}ﬁ?ey{agﬁgg pefletr © zone

in which a tenperature of 218 to 225 Ci ature zone

0o, RS ki 20 ARl Bt g

zone in i s sefl, e second extruder

di vidgd gy rigipg est kTt 815 e(i![%ﬁn{l)lgé 4r Eo@&@&lihﬁd‘é@%gﬁylgrﬁnﬁ%&ﬁ l{:rog?lgltng 67 1o

173 Cis set, ecoh ature zone 1 a tenper at 147 to

152 Cis Iﬁgﬁlg at B@mk@ ip%fiilt to? w{oaiw € t%%%%h a tandem extruder; the tandem extruder

consisting of the first extruder divided into the first temperature zone in which a
temperature of 147 to 153C is set, the second temperature zone in which a temperature 6f -
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 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 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 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
137 t0 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 255°C is set; (b) compulsorily flowing the extruded material at a

25  temperature of 125 to 140TC by pumping; (c) homogenizing the extruded material at a
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20 in which a tenperature of 142 to 147 Cis set, the fourth tenperature
zone in which a tenperature of 137 to 141 Cis set, the fifth tenperature
zone in which a tenperature of 137 to 142 Cis set and thgl,sﬂ&'fﬂ

t enper at ur {¢h Which a tenperature of 132 to 137 C
gui de, con‘ﬁe??l ng the first extruder with the second extrtﬁé@%m%ﬁ |ch a

tenperature of 248 to 255 Cis set; (b) conpulsorily flow ng the extruded
material at a 25 tenperature of 125 to 140 C by punping; (c) honpgeni zi ng
the extruded material at a 3 0 4 OCT 2005 WO 02/094916 PCUKRO2/ 00915

t enper at utempefatur? 6f 120 H3B0XT; (d) eWpardipatidi hogoghtzdianmgaalitiedgin@mties;iaal
through a dies; and (e) cutting the expanded material to obtain the

pel | et - t yf® chitiagrthe ekpandadmheriabispdtain the pellgptyedodmd, nvent i on provi des a
device for producing a pellet- type non-crosslinked pol ypropyl ene foam

having a nel ti rig apothet aspéct,1thb preserdt4Nition ploviden atdagice &s6ducingiepapeesent
invention provides articles nolded frompellet-type non-crosslinked

pol ypr opytype aoﬁ-e@esimla a%yr@ﬂetfbm hah@h nRftink$aidt of 10" 190 CBRI EF
DESCRI PTI ON OF THE DRA he above and ot her objects, features and ot her

advant gges of tlﬂehll@ﬂh&sﬁﬂéct the preduft ’i‘ﬁx}eﬁﬂ'bri’\ﬁrb{rldgﬁarﬁgl%ﬁnﬁ a%@rf}oi’n b’é]ﬂ?h/ﬁ& ood

fromthe foll owi ng detail ed description taken in conjunction wt

acconpany hhgc/dkshinkdadiypRopiling Roantd favink o ?@ng/f;&m ol %&motd;e overal |

structure of the device for producing pe type oans non- cr ossl i nked
pol ypropyl ene according to the present invention, FIG 2 is a plan view
showi ng a cylinder of thefirst ext ruder shownin FIG 1; 15 FIG 3 is a
sect i onal RESPIeReo Wl]e(: n FIG 2; FIG 4 is a schematic

vi ew show ng t estructure of t% V|cefor supplylng C02; FIG 5|s a

poctional v ev SRONRG ke cBrGgEALYGRIE o 7 SRR, Be T, L
show ng e&%&t%ﬁ@ﬁ‘ be %Ior«g hl%axjﬂf gx?c%rst' ZdI ff5in the followmg 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 is a plan view showing a cylinder of thé first extruder shown in FIG. 1;
15 FIG. 3 is 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 showﬁ in FIG. 1,
FIG. 6A and FIG. 6B are front views showing each member of the homogenizing
20 part;
FIG. 7 is 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;




20 part; FIG 7 is a plan view showing the structure of the die part shown
in FIG 1; FIG 8 is a sectional view taken alongthellne 0% G 7,
FIG 9 is a sectional view taken along the line A-Ain FIGOA; EI 10A is

a side vi g a cylinder of the die part to which bidoshs 25
devi ce |swreén(%;r?t‘yé‘:]i‘P 4 0 4 OCT 2005 WO 02/ 094916 PCT/ KROZ/‘S%ElS Iél% | OBis

a front viewof FIG 10A;, FIG 11 is a DSC curve of the pellet-type

pol ypropyl ene foans (Exanple 1) prepared according to the present
invention; FIG 12 is a DSC curve of the pellet-type pol ypropyl ene foans
(Exanpl e 2) 5FpE.cifBried frasicoewofBIG.d0Ahe present invention; FIG 13 is a
DSC curve of RP2400 (pol ypropyl ene-pol yethylene (3% ) copolyner wused for

preparing the puE.| &l ig y BSOHolwprafpiie grlettioperpolgprophleng femen(Exampkent) on;
FIG 14 shows the result of the FT-IR analysis of the pellet-type

pol ypr opyreased deeating pi thp preesht aneatichi;ng to the present invention; 10 FIG
15 shows the result of the FT-IR analysis of RP2400 (pol ypropyl ene-

pol yet hyl ene (816) 1Zape/NSEutgest therpelsenpe Ipaggbgﬂe@@fd)eﬁ’ﬁs- {Bxagple 2)
pol ypropyl ene foans of the present i nvent I on 16A is a phot ograph

t aken sby pagpagggtdcg@hmg}&ﬂh%ﬁ@ml@gmx&po magni fication and show ng the
pel l et-type pol ypropyl ene foans prepared according to the present

i nvention; Fl Gpd.68 1&§D%doé%%&9*mh0©%g) 9%91?1@ ppgﬁktménem@%ﬁ&gge@t X400

rragnlflcatlon and show ng the pell et pyl'ene par ed

accor di nged Pedk BRoRiGESE peltet-BHE BblyBfdpylene foams of the present invention;
FIG. 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 magniﬁcatidn

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 béen 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



Simlar reference nunbers refer to simlar parts throughout several views
of the 20 drawi ngs. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Ptizﬂ@ato t he
present invention, it has been inpossible to prepare pell ek 99 ns

having a mgltghpgonoi Nt of 140 C or I ess. Pure pol ypropyl %W l'ting
point is 25 138 C could not be processed at a tenperature c/) g@lgeor

| ess, since it would be cured 5 0 4 OCT 2005 WO 02/094916 PCT/ KRO2/ 00915
rapidly at its nelting point or less. Thus, it has been al so considered as
bei ng i npossible to prepare pellet-type foans having a nelting point of
140 C or ‘fapiky atHweelting poiheor lasse nThuss it hay becienlsl apsiderethes petd @iposylile

non-cr ossl i nked pol ypropyl ene foans which have a nelting point of 140 C or
| ess and trprapenpdlet-type nineritaving aofeltitpordint20¥4@C beless. Such pel | et -type

f oans have been devel oped by conbi nati on and application of a nunber of

di scoveries. Fdiowsenpltes inbentorsvemeordevbidpel fmangelldiajpel hon-ceealiel of
open cells in foans can be renmarkably decreased by using a tandem extruding

met hod aspélyfrapylene foghé Whth3aescs eking PERELRLA0'E 16 ahd BDSpeh @Bl EiRerdti T St
and second extruding process, and honogenizing the nelt resulting fromthe

extruder af abdut 20%for I@EPeSEhWeletdipel Dahd halObdedUevelbp&iOby EdtbihdibaILEr S have
found that only when the tenperature during the extrusi’on and expansi on of

the non- chgpsisdtionksth MAhBER 0B RICERPies. © o RAMHIBIHE iAFehiord Bavl Thitd th?lf th%38 to
140C is kept within a specific tenperature range, closed cells of 80% or

nore  cancdifent 8f BEG: celty!id Rams chh8e i‘é?ﬂa‘?ﬁbi’;f dgb?é’age pgy'r' 3Qn§ Q%nd@m@{ruiiﬂg poi nt

of the foans prepared fromthe non-crosslinke propyl ene resi n” havi ng

a mel tingmBMbhs Phask3Grlin %ﬁggg‘%&gﬁf‘%\ﬁbg&%ﬁ& hOfitkBREd S‘%E?dde&ﬁu%%vt htehe

speci fic working condition present I nvention.
pol ypr opyp Snesand HooRAiRE edhel KRuhe Ak B o0 PE Bl Kitherasurg of,
detai by TS 4 1307, Also, the inventors have found that only when the temperature during the
extrusion and expansion of the non-crosslinked polypropylene resin having a melting point
of 138 t0 140°C is kept within a specific temberature range, closed cells of 80% or more
can be formed. Further, the inventor have found that a melting point of the foaﬁls
prepared from the non-crosslinked polypropyléne 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




manuf acturing nethod of the present invention conprises extruding, punping,

20 honogeni zi ng, expanding and pelletizing steps. (1) Extruydi @g A@%
extrudi ng process according to the present invention can b I d by
using a tarfprpexéruder that is commonly used and wel |l kpewRrdobfze art for
preparing 25 foans as a basis or its variation. Materials used for
preparing the pellet type foans of 6 0 4 OCT 2005 WO 02/ 094916

PCT/ KR02/ 00915 non-crosslinked pol ypropyl ene according to the present

i nvention conprises a non- crosslinked pol ypropyl ene random copol yner

havi ng a momkdrosatinkedi pilypbpyl@R necotdifE, to athe npredestatinvegtionm exomprisest @amwinng agent
and an additive, if necessary. The basic resin of the present invention is
t he non- cerosstihkedpotypropyient enelonacoiolymes having laymelting avinh gf a38rid 1401, poi nt  of
138 to 140C. Exanpl es of other conononer copolynerizable with propyl ene

I ncl ude eteidatineageit; b aanieg agknpamitmriddiine ifindeesserye. The propyl ene random
copol yner can be bi polyners such as propyl ene-et hyl ene random copol yner or
propyl ene- but erfhe bagielaRinCehe preesnt divehespiltyarsmscrosstinkaspropylae @ndbm

et hyl ene- but ene copol yner. The ratio of , other conmonomer conponent ot her

than 3510 @peRWleeMBving at hRlthgPelin el 188 DrEbe, alamidled Soft SthdiOcSmdtvmeei ght .
The nucl eatl ng agent functions to disperse a foam ng agent and adjust the

cel | si zegopBlyniehgabl ORp ro%&ﬂ%ﬂ@hﬁﬁld@fet ?rfbﬂe nush&Rr! | pentetont 1kké&le. CaRe be used
in the present |nvent|on i ncl ude, are not limted to, sodium

bi car bonag,gy,v dfa’ﬂﬁbrﬁ ﬁﬁfg? caﬁoﬁeaﬁ er?'sﬁé{ QQS}%@len@%@%ﬁb Uhdoi bonat e,

anmoni um bi ca onat e or ni um car te 15 Sodi um bi carbonate is
preferred,, t t t t Il er
t he cell SI zgﬁhem oar@rsbu%fge %@%%ﬁ?agﬁ&e{#&%@g&g%ﬁﬁtas%} ?yﬁ?gﬁsed
nucl eat i ng ar I he
a%%enet %Oé)togﬁnﬁl 9%k fHE 6Ll lche? %&fﬁérg&p%ﬁg}@@g@t 1(1)er fad

pr esent |nv¥ant|‘on, ‘eating agent o n the wei ght

of a {£S fobsledsifi the HPSImENE pRFRUR o%s H@ W5§eight.

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, potassiﬁm

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

nucléating agent exceeds 0.4%, insufficient dispersion or agglomeration cén 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 présen’c 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



nucl eati ng agent exceeds 0.4% insufficient dispersion or aggloneration can
occur, and as 20 a result, the cell grows larger than a predeterm ned size.

On the contrary, when the anount of the used nucl eating %?'keénﬁo 1% or
| ess, the nucleation activity is excessively weak, wheré’cfg
di aneter can not be reduced. As a usable foam ng agent in the present

i nventi re are organic foamn ent s |nor mn ents.
Exanpl egly@rpcqr @%ﬁ“ﬁgrﬁsé)’f’g’émaﬁ@m& & O%%QHCQGHQHF ﬁ%qm q%f’lnﬁg}ln‘fsingsuch
as propane, butane, hexane and heptane, alicyclic 7 0 4 O CT 2005

hydr oc ambclisrafluotomaetnasy ¢iBbarometanerlal - dgfhlowémeade? 2, 3rtefrathometanas methyl
hydr ocar bons such as chl orofl uoronetnae, trifluoronetane,

1, 1- di f khieridet ethg, cHloRde and txﬁéthﬁéthohloﬁdanetﬁlsnpumbﬂe ocgahiltr fodming agenits
chl oride and nethyl ene chloride. Al so, usable organic foam ng agents

i ncl ude j@inedal aicRiRsteahfutRbaBidRANEchiblotiildrbethind, | tiehleshamsluoromethane,
trichl oronponof | uoronet hane, 5 dichl orodi fl uor onet hane,

di chlor Qm@éﬁﬂﬁéﬂﬁﬁ&%ge Qf&ﬁlo%r%m]bﬁﬁ&ﬁidéoré}ﬁi habBomoteRARiHR e,

form ng wor nontoxicity and flame retardancy, these fl uoro-

chlorin o] ef S a@%m S can
be 'used%{ogggﬁb{dgb%ﬁ%{ng %06} %rlg&bfrﬁtvm o -r%rae eregl'tai:da&i’f”}}f}g% gt)he

i norgani ¢, f.oa en |ncI ud en, carbon di.oxide.  argo and air.
These | FOPHAHFL INHEAGoRGRE R be THS=LSEE S BE Sns TP ety 1 o
or nore thereof Al so, any m xtures of rando sel ected, t or nore of

t he or galome of @&m%wg@ﬁtﬂyoyﬁdnqrﬁ@qf%f ggﬁi“@l’ éé’ﬁﬂﬂf‘gm&}'gj@l‘?téoa@g‘rg gt used.
The nost preferred foam ng argent is an inorganic foam ng agent since they
do not imdstermirogam, ozbno sitrade azgra aderil. nébhsss snoyganicr framing dgeaffoeant beof t he
foam ng agents depends upon the expansion ratio of the foamtpel | et to be
obt ab nedsainalohd er tag pe mikturdref twe cbr IiboreethereofindAlsoamny gnixgesst of Hndomlyount of.
t he foam ng agent used in the present invention is about 0.1 %to 0.4% by
wei ght , sélageditvanot heransf 1B or@hid foemirgsigents|andahelidorgamic foaminmpagditncts of

addi tives can be used. Exanples of such additives include an antioxidant,
W absonpgked, f ITaREnSLHRAERET foabRhPhrgBtE 1888 Morgs€ fodMinglagent since they do
not destroy an ozonosphere and are inexpensive. The used amount of the foaming agents
depehds 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 0.1% to 0.4% by weight, based on the weight of the resin.

In additioh, varicﬁis kinds of additives can be used. Examples of such additives
include an antioxidant, UV absorber, flame retardant, coloring agent, dye, metal
deactivétor 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.

7/

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
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deactivator and the like. These additives can be used in an anmount of 0.1
to 0.3% by 20 wei ght, based on the weight of the copol yner r%sbeT a
preferred enbodi nent of the present invention, paraffin vva>£l I STuseqd. This

hel ps the GePRlyfe¢ resin to flow and acts as an antista{,'ﬁKﬁ&%{%lsto
renove static electricity of the copolymer resin. The used anoun of

paraffin wax is about 0.1 % by wei ght. The above naterials 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
~ 34) 0 Ahequpeasg0BlIVE descilbefioasfotiows KRUIRY B9 exiradgyriocessistad bf a st
described as follows. The tandem extruder is consisted of a first extruder,
a second extrudster sexnud axiyudedand anguéde compedting the riatt amidseseabadrdsdtsr uders. A
screw conpression ratio is generally 3:1. Usually, the inner dianmeter of a

cyl i nder ofrewlempfession ratiotis gelrerallys: Bbalsualby theind@ranmetheofanyBidedioatmt er of
a cylinder of the second 5 extruder is normally about 90 to 95mm The

first ext fiodeaxtriderds \dbeatdsd Bé FOMInY BB EHn&CAiRheteN B aOclii@ér oft MENBEGALUT €S,
each zone corresponds to 300 to 400LD. The six zones are a first

t enper at uegin@ienis rofmallGbbet 90535km, a second tenperature zone of 167 to
172C, a third tenperature zone of 167 to 172 C, a fourth tenperature zone

of 218 to 223 Crhefifst bkthudeLREVIAbdIne HRIBn& acdSrdinzQo 23 femperkRirdNehch Si Xt h
tenperature zone of 188 to 1931C. The non-crosslinked pol ypropyl ene random

copol ymmer z§@sdofresidfldd 12300U6!BLDNIThAAR Rbnddlafe § YIPR hdithrAlireBohODSI AN, Speed
t hrough a hopper and then nelted in the first tenperature zone in which a

ot atl g Spbet "o aeEReabit SR 1008 e Ris sty B dgiapec Y
172°C, a fourth temperature zone of 218 to 223 'C, a fifth temperature zone of 197 to 203 C,
10 and a sixth temperature zone of 188 to 193 C.

The non-crosslinked polypropylene random copolymer resin and the nucleating
agent are supplied at a constant speed through a hopper and vthen melted in the first
temperature zone in which a temperature of 148 to 153°C is set. The ﬂovﬁng speed cé,n
be adjusted by a rotating speed of the screw énd 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 172 C, other

26 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 .
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15 rotating speed of the screw determ nes an inflow speed of row materi al
and a flow speed of nelt. In this case, an inflow speed of the resin is
about 25 km’ hour. Though the copolyner resin and the nucl ggt00Tg28§ent can

be suppl i@ o3/f¥494¢9h one hopper at the same tinme, it is pirabgpaiis that
they are supplied i ndependently via individual hoppers. The second and

third tenperature zones are nmaintained at a tenperature of 167 to 172C,

ot her 20 additives such as paraffin wax are introduced to an starting point
of the third tenperature zone. The paraffin wax is punped to be introduced
after itzéom inehichd terdpesainretdfd 88 teeB3C assate of the fourth tenperature zone
is set to 218 to 223 C and a foam ng agent is supplied to an starting

poi nt of the fTherhél fremmiee sikthrtempamarduonp ofiihe figst@peuddriiomirodived tonbet from
the fourth tenperature zone is passed through the fifth tenperature zone in

25 whi chgeroh®BRAIdeE thidighfthe EBide @omdatifg ihe Mt andnwdcdrdesxtiuders odHeredtht o t he
sixth tenperature 9 WD 02/094916 0 4 OCT 2005 PCT/ KR02/ 00915 zone in which

a tenper aiipeannth o8 ghie k%3t 1o 248 16255 C Thd IMeb{ thé Boide isBH0b ¥0dmbenper at ur e
zone of the first extruder is introduced to the second extruder through

the gyide connpgd ichshd E@idEd 1sSdsABRiRE GAB Gie ¥dilel GBESIinab @ teinPérature,
tenperature of the guide is set to 248 to 255 C and LD of the guide is 300

to 400mm,- zm@c&%sﬁélﬁs f¥ U8 EE5208mal $he Stk VoRahrd 'atfﬁststie?ﬁﬁér@l!ﬁ?éz&ﬁfdfr ding to
a tenperature, each zone corresponds to 470 to 520mm The six zones are a

e TR 2006 Wmpd Blrd Dnd B1 471085320 Alied RARBEALY LEnZING OF 147

enperature zone o0 to a'fourth tenperature
zone of 137,4s , ' 1§y 20 37apd a
St n 1 Bl Brfirapenid -8RI 1R BT ehihabifo sdAolloTR T
ext ruder .j.S~nQr mal |. 2.r ong,e«h N KN LT
extruder%h%ngh B&;Han%’léﬁﬁ'? Bt I%ééug’t E‘g}es(gtg?l&f t|?ociz-;'1%l df/ sét&{‘%ﬁ%%efj Zt%}ﬁtrh g%g(%ggmans of
any qpe g}f{tm\%}_lesrnblgn%%ly%%tﬁggm oi |l -cool ed type and air-cool ed type

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 watér
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 js 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 lowér thaﬁ the melting point of 138°C of the

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



met hod. Anong them the water-cooled nmethod that adjusts a tenperature
using water pressure is preferable. For exanple, a water cocd@?cq-y
devi ce can be used, which has a 15 cooling water body which i's forned in a
hol | ow shagg) o2mo4dirat it can be nounted around the cylin

extruder and the cylinder is inserted therein, and is progléfdggﬁzv/\n&ﬂtbﬁ a
cooling water passage fornmed integrally with the body, so that cooling
water is contacted directly with the surface of the cylinder. 20 (2)

Punpi ng The sixth tenperature zone of the second extruder can correspond to
a flange fthare isomaéclor gretblyreflovang dhe omels sionthat lite care Intovacsmeatiilng Socla

nmet hod of the present invention. Since the tenperature of this flange is
mai nt ai nedopweladrnydidw can bel&hiaved BB neahs/of dpumpr eAeths fime,ethé tempesunge idhi s
tenperature is lower than the nelting point of 138 C of the 25

pol ypr opy Inedigtained ati,25as 138 'Ovbynipie siaredositd type'devied.t can be remar kably

| owered. Thus, 10 0 4 OCT 2005 WO 02/ 094916 PCT/ KR02/ 00915 there i s need
for forcibly flowing the nmelt so that it can nove snoothly. Such

conmpul sory flow can be achieved by neans of a punp. At this tinme, the
tenperature i s (IyEdHcdenieigat 125 to 13 8 C by the water-cool ed type
device. 5 (3) Honogeni zing According to the present invention, the nelt

transferred fromctdigingXortte pteskit inPaHiiBhNthedheld taBBREREUMEIHRfexdd@ertty 140 C
i s honogeni zed at a tenperature of 120 to 1301C. Here, to honpbgeni Ze nmeans

that the makdidgSatCaltenipRfhngs dendsab ube @@H&n&%e‘ﬁ?ze&l Rt 3 tefp&RGle Of 180 {ndi ng
stones. Al'so, through honogeni zation, the nelt becones to have a 10 uniform
t enper at urjgpicn t i i j I f
nomogent 2oty on, s 1 BehoRalk RiAnSie, B sl AT bRy 4 R 48°HE

preferabl an{ﬂ}iftaofoéﬁdﬁ{g GORE! nﬂlsﬁ%tg?ou%kthg oigglﬁ:?z!tf-oﬂpthtem URbRG . MRS,

preferably oil c type net ne, the pressuré i1 nside the

cylindgr RasHesemBOfurd 208/ G8r 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?.

415 (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




15 (4) Expandi ng The honobgeni zed nelt is expanded through dies. As

descri bed above, since a pressure inside the cylinder in iC | t
are honogeni zed reaches about 120kgf/cn2, a deconpressi on%ﬁg*r@(ﬁm

i nstal | edy@forfob@14i €S to maintain a pressure of 0.3 to OpckRRéi¥s The

pol ypropyl ene resin is expanded through holes of the dies. Here, a dianeter
of each 20 hole is nornmally 0.5 to 1.0mm and an expansion ratio is
normally five times of a dianmeter of the mcro hole. (5) Pelleting The
foans formed by expansion through the holes of the dies are discharged and
25 sinul taneously cut by cutting nmenbers to produce pellet type foans. 11
04 OCT 2005 WO 02/094916 PCT/ KRO2/ 00915 A device for producing the

pel | et -type fodndevife fapmredusagthe pelist-bmeyiaamp of 8ak-crogfinksd RelyronylaRs ¢ i ng
point of 125 to 140 C according to the present invention conprises a first
ext r uder , wiclskaye nm@tmgrm@rofdagmaw& aceprding tq the presentinyeaben compsigessrt ng part
connected 5 to the second extruder, a honbgenizing part connected to the
punpi ng asttextémderaa eicesd petruder comeasest todhe Grst extridenogpumpingparpeannectee i r st
extruder conprises a cylindrical cylinder having a screw shaft rotatably
mount ed tthélesiernndaextinderj mbomegmizingl mposeckcsd tathepunpifg parbahd diedeart f or
rotating the screw shaft and a plurality of cooling neans and heating
means di sposetbddo therhotogerdzing parf er ence 10 surface of the cylinder and is
provided with inlets for supplying a polypropylene and a nucleating agent
t o the cyl i ndefThe firshexigudbr pomprises acklindieakyyllindeteiavingen scidve stafti rotatedplyreans i s
and inlets for supplying an additive such as an antistatic agent and a

f oani ng agemited therain, PUaAPAL magddliepgsed iti anrendfof tHeccytiyiliérriderottingl tivrscmut | et at
the other end portion of the cylinder. ~ The pol ypropyl ene and a nucl eating

agent supyhft @t 4 Plutdiey GdoblEiEMmetisand huting nthnodispobdd bil andik lr@tnfeRARl sorily
toward the outlet by the screw shaft which is rotated by the driving
10  surface of the cylinder and is provided with inlets for supplying a 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 ciréumference 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 polypropyléne 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



means. The second extruder connected to the first extruder by a guide
conprises a cylinder to which the polypropylene nelt discharged fromthe
cylinder of the first extruder is supplied through the guiglg, 0cN@Ns
plurality ¢fo&aeidi#g means and a heating nmeans 20 nounted,t /Kﬁzh]z?oo?%%t er
circunference surface of the cylinder for adjusting a tenpera

nmelt in the cylinder. The punping part for noving conpul sorily the

pol ypropyl ene nelt discharged .fromthe second extruder to the next device
conprises a casing having an inner space to which the polypropyl ene nelt
di schar gedbthercandtahieivingl meadefor obtatidpethe geps)d extruder is 25 supplied, a pair
of gears rotatably installed in the casing, the gears being engaged with
each 12 WO 02/ 0T48 Lfonieing 2P0 BEPHIR0R/ §ifdfeatiier hosith do dhivi NBe MEANS
for rotating the gears. The honobgeni zing part conprises a cylindrical first

housi ng t@oW@ﬂyldnB@neltRﬁchﬂg@@ﬂbﬁﬂﬁe ERliddef bAHAPHA: ﬁhgfp’aa%ﬁ Ly, th gt of
the punping part is supplie the first housing elng rota ab y |nstalled

rotat abl y,hodsif baihg EhtsRAD i‘nsia%d E&&talsly NGdrifg %\bitﬁtfmh&\th%h o%ﬁl

connected to a discharging end of thée first” housing, econ ous

| ocat ed OnycRw Ednﬁgdt'éﬁ f%;a‘g%lg% &?}Jﬁjexﬁf oft t?g fir rhgﬁ\éu}% fsre% @gxﬂ% §5kalcd o?ina out er

circunference of the s orm space bet ween

the secong;hoMaldde g'ﬂﬂof e stfzr’é@”ffral%e SRiuhel. 0 ﬁf? t%r {: ﬁcu@r&gﬁgﬁéje (Qet V‘%e‘%?%dt he

screw and the secon ousi ng al ong the enti nd the

' 8: 16 bed e dPUERER R %é%%ﬁitagfﬁhé%&%ﬁ"‘ﬁoﬁ*sm%aﬂime f‘ﬁ%ﬂ&i‘% i 8?’3“
adj ust °2’StSE5rF6§? IR bapRplRe %‘éﬁ%ff%ﬁgws TR R, e oA 5P e

z ?ﬁg ESS h 8 Al I!Fgf?ar!}fl ;gﬁeepo?}%rrrgp%r?ene mel 1Pc%arge& g‘gglrthes EI‘St ﬁlouhsf)nréqg ﬁgxlvztilergthroug}? 5 that

10  be discharged and discharged to the outside. | A heat transfer fluid oil flows in a space
formed between the second housing 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 uniforrﬁly
the polypropylene melt. The homogenizing means is composed of a rotating plate

15 rotatably mounted and a fixing plate disposed to be cbntacted 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 di$charged 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



t he pol ypropyl ene nelt. The honobgeni zi ng neans i s conposed of a rotating
plate 15 rotatably nounted and a fixing plate disposed to be contacted
with the rotating plate. The rotating plate is provided Whl@ TpIZHPaIity of
slits arra;ag(ﬁ ially and the fixing plate is provid | g urality
of circular g?%? The pol ypropyl ene nelt introduced toef?gkk c/)(ﬁ%geni zing

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 nmelt 20 is ground by the rotating plate in the space

bet ween tflagvs! OTAS boWinglvadte intsHutdibtof th indfileif Alieccasing Hdwg ftlirotgh pelcygippyl ene
nelt di scharged fromthe honbgenizing part is supplied to the dies part

i ncl udi ngyialedbeiEN AY EdnRt Ratht the Jugabiet 6fMile RTifdeR Pihefebdl rthe/ tehperm@BDf the) Whi ch
t he expanded foans are cut into a predeterm ned dinension. In the present

i nvent i Oq’d’{ﬁ’g@féﬁgl mBY PRAASwIRMRiEdnd QyliBdrCi¥! 1BGRHS The G Midandr 25

second extr s a closed casing through which cooling water supplied

fromthe @ B@d%%t&e’%a‘é\?g ggs{[ix%g:éﬁ%ﬁ)iy%aﬂe%l}a%&%% heBiial/ déﬁ?@s’tﬁfé@ Hrrdihons. The

cooling water intro side o e casing flows through the

[ whi | L NGy ' . f; : ' by th
fomperature of TR SEMe 3 ke B i Sutemb e orE kol Phy 1 1e
reduced. (The e!}kﬁé}%!ng Sfﬁlﬁfbﬁ\ ﬂhﬁ ﬂ&ﬁgﬁ%&&sy@%amomg A%Hhe ?W@L&P’ ?h&ucreat er.
havi ng a & gc0|F|ns al'l ed rel n. e cylirmder o efirs
condi t 1 ot i oi {Resi ot ZBR Bpiig SRAScRARR LR pr hehofe LRARF (™ 1 ©
satisfy.

o211 R ot B SRE R R B S A EERS,
ePer 2 L5, SLuI% Pal LR S0 T braou b SeRtu Atk 35S
AL SRR NP NG LS Y
and at 181r81 t}tleofourth 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 zonés
according to a temperature condition which the polypropylene melt flowing in the cylinder
15  should satisfy. A temperature of each zone i;s 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 temperafure zone, at 137 to 142°C in the fifth temperature zone
20 andat 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 255C.
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



193 Cin the sixth tenperature zone. The cylinder of the second extruder is
al so divided into six tenperature zones according to a tenperature
condi tion which the, polypropylene nelt flowing in the cylipdesct 2g§shoul d

satisfy. AgSmmpiature of each zone is adjusted by the CO%JF&%SQ&’%&S or
| A

heati ng means nounted on an outer circunference . of the Cy

tenperature of the polypropylene nelt should be at 167 to 173 Cin the
first tenperature zone, at 147 to 152 Cin the second tenperature zone, at
142 to 147 Cin the third tenperature zone, at 137 to 141'Cin the fourth
t enper at ur ef therhemogenizigg pa is 401@tably supgorted o stgpopingaplates byanpluralify and at
132 to 137C in the sixth tenperature zone. The guide connecting the first
extruder abrdring bloslksc orid dexe sproelret sift audriVinge meaxpt is adeared Wit eligén Egocket 248 t 0
255 C. The two gears disposed in the inner space of the casing of the

punpi ng pafixedriot ant @uteri dircomybersndeesudfaceof therfirst hausingagwhihed R rfirkioakidg 3s cent er
of the inner space to nake the 25 pol ypropylene nelt nove conpulsorily to

a next propeseal ifespdrse o thlloperatiéref the didind@esisng 14 04 OCT 2005 WO
02/ 094916 PCT/ KRO2/ 00915 of the honbgenizing part is rotatably supported on

supporti ng pl at &he [yscBar@ing parti dfthOlies PARIMCNMePL DolSw oDiddday EnSPEQARIGEL Of a
driving neans is geared wth a driven sprocket fixed to an outer

ci rcunf er cloegedaltfids st @b ﬁ;biae vt I Sthe PRI VAT hALa bRty BEcdvitles tforhﬁh' Shike 1 S
rotated in response to the operation of the driving neans. 5 The

di schar gi ngii@acioa@fifelei® dh@8oPa t 2 i BALHAERSI adi}’eeii(kxp%fg't!%d%uﬁa@f b@Nd By
de a

cylinder |ocated outside of the guide bar. The gui a s aplurality

? S : t i | Lt udi |
of caviti esolfRégRae %NS{}ESGh%&% frond ifeUERIgeRe g r}@ﬁ[ @&Iésl Jtsl'n(lf:l %hge%@g F%J(T)'tg]' na

direction of 'the guide r. pol ypr opyl ene t he
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are fornmed at portions e cyll correspondi’ng Gies,
respeciq VelpVities, respectively.

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 éam 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 providéd 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



The cutting part of the dies part includes a supporting plate |ocated at a
rear side of the discharging part and cutting nmenber fixed to the
supporting plate and novably |ocated outside of the cyli nchei .chhmutti ng
menber isgﬁf@)@g%i with a plurality of through holes fopsERraloeP@S! tions
corresponding to the plurality of through holes on the 15 cyli nder,
respectively. The driving nmeans conprises an eccentric cam being able to
rotate by a notor, a crank connected to the eccentric camand rotating in
response to the rotation of the cam and a power converting and

transm t tduRthe RaHSer GOMRAGS 85bhirBoibridBatizdBl bf @ FixingOnHRE bhd'{3 raciprotabd &Y
novenment of the crank into a linear novenent and transmitting the |inear

novenent gntdiRirdiupRRhtd Sdhdb@indet B 1B réiprb&iing vid whigh Fae¢ipioctsd Aloxed,
whereby the 20 cutting nmenbers are reciprocated along the outer

ci rcunt ergpg grddle bi8e Gfinigder by the operation of the driving neans and
the foans exganded fromthe through holes of the cylinder are cut by edges

f the through i L kg, irgYle
of the throug M,%Spaﬁrcufapﬁ rk1ag 0&5%??&{ of MHEZRVBS k& ger%&&%}%ﬁdlwg% tion on

provi ded with urali1ty of grooves rmed 1na lon

det . Ty . : ‘ : fi : q

i ch S o SBTRROEk P e kR AP BT BE o e i {1

plate. A 15.04.COCT. 2%05 WD 9?{%’;@ PCT/ KR02/ 00915 cutting nmenber is fixed
Xl

to each rcé’gl%lfn(i)%na‘f'iiﬂh 6?808“}5)3&3@95 Sireans and is reci procated on an
Fect procat e aliilo! “dair GHov0E Sopv et iR acs Gt Boghls ke °
ccor ci ngTPoReS AEUBHE T Henian - BBE A b deaierd 5at Biosdi  acen
o ST SR Bt e SRR P60 B 5 e el et 20 0
Rccor t ngronnestbia Bt BEBAATIORL A FiBit @Ol T agmarer SIS eiSr 01D, ¢ he

second extruder 200 ' )
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 is 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 eitruder 100 comprises a cylindrical cylinder
20 101 having a certain length, a driving means 1{)2 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
1102, 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



10 connected to the first extruder 100 via a guide 150, a punping part 300
connected to the second extruder 200, a honbgeni zing part 400 ﬁ)%@ct ed to
t he punping part 300 and a dies part 500 for formng a foa LY

di schar ged wo omohdie honogeni zi ng part 400 into pellet-ty )‘I%
Herei nafter, respective parts as nentioned above will be Qggcn%g"éls

I ndividually. 15 A First extruder 100. FIG 2 is a plan view show ng a
cylinder of the first extruder 100 shown in FIG 1 and FIG 3 is a
sectional view taken along the line A-Ain FIG 2. These figures show a
struct ur e W pelgpiopylene @Rg ray degleating . ag@irte(fbr esdmpmxt sadian GiGbonateprib sRe a
cylindrical cylinder 20 101 having a certain length, a driving means 102

i nst al | ed elingay 19hdresfectivaly, ayé fonded. Ulexinl 01ecs Gvmebaf hnolis emg i8fl of N the
cylinder 101 and being able to rotate by the driving nmeans 102, and a

cool i ng nethnsyliGiér 40t hilo, stga mixails pdi@ibn iofishakyiRdeo 0t he @b 101d for
circunference surface of the cylinder 101. At an end portion of the

cyl i nder 1Dfplpiegrart hetidaticv bt TRANGaAMBR, RAMARNGES dHA18 enticd Obie (BPI Y one
entrance 10la is shown in FIG 3 which is a sectional view) for supplying a

16 04 CCT sapflpind@ Bathin 49 (BB L POBETA,) bRoRRdy Pr opyl ene and a

nucl eating agent (for exanple, sodium bicarbonate) to the cylinder 101,

respectively, ach theoRE harfd) af Kitdriok O hel §1ih @R 18k; inthsi | on of
the cylinder 101. Also, at a mddle port(f%,oln orf tﬁgagﬁé%@grm%g%ﬁg{ﬁ&é

entrance aek §@brdifURPletpBEnd BRiiicHsdH e ggfg@}orﬁ(yie% tﬁ&ingg{; lieB3E 3 1 N

wax) and an entrance 10le for 5 supplying am’'ng agen or exanpl e,

LPG or COZyligdee 1601 NER. co@ih% 1Ean Y 08 ind1BE ﬁeatﬁg .njxe%f%dsgefre ﬂxfouttntpﬁa tro(e:%% éﬂd er 101

is divided into six tenperature zones according enpera & tions
of the polatBimfyddeutfiad ofSthe WRhderd161° af NRsitions corresponding to respective

10  temperature zones for adjusting the temperature of the polypropylene melt.

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 meansvwill be explained in detéil
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 ofthe 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
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cylinder 101. The cooling neans 104 and the heating neans 105 are nounted
to the outer circunference surface of the cylinder 101 at positions
corresponding to respective 10 tenperature zones for adj uti 8Gr 2809

t enper at ungoQhndsdfs POl ypropylene nelt. FIG 2 is a plan 'quiﬁﬂ i.0g t he
cooling neans 104 and the heating neans 105 nounted on Yﬂhe out{i}}r‘gl9

circunference surface of the cylinder 101 of the first extruder 100 shown
in FIG 1. Now, the cooling neans and heating nmeans will be explained in
detail referring to FIG 3. 15 The cooling neans 104 nounted on the outer
ci r cunf er badescsbadfeitterefdrertch éo respdciineldnawin@i. cAs thesiivingi mepnt d02xmabttiatde has
an airtight casing wwth .a donut shape, through which a cooling water
suppl i ed poigprcpplenuitasd de nhidleating ddeat acolsappiiedvad ethe i aylindetut@®d tlirouglt the casi ng
104 flows through the casing 104 while being in contact with the surface of
the cyli eateancdsOl0la Tiddbefespeetivdline Tirnpenadhaft 03 isiotieed inghe yilindeter01 191, t hat
is, the tenperature 20 of the polypropylene nelt that flows therein can be

| oner ed. THeeadlioatof ke GRAASZ rddns MOV THE dorsy, we@mﬁhmreas bNgR skidy Glidfals i s,
cooling neans) is a heater in which a heating coil is installed. The

heating Mennged By SSpbdierddasmpeisptatiarad with herobMiny Rbesly beTR dilidg el has
been already | owered by the cooling neans 104 to a predetermned

t enper at Ukere’ tﬂ_éqﬁolgl?%ﬁ&l&z%‘ afd tﬁé"ﬁuiléa"ﬁ% agéﬁtr gﬁedeptﬁla%ﬁlgerallﬁt fdcture
as descri bed above will 17 04 OCT 206 2/ 094916 PCT/ KR0O2/ 00915 be

descri bed ptNaddehREERATe LituliERRAaY iin‘ﬂg g{d%ﬁ D&Rpul &Fily Pfvadd ik iofQr BREgs 102

is activated, polypropylene and a nucleating agent are supplied to the
cylinder QL. LiiMpy@h the entrances 10la, 101b, respectively. The screw
shaft 103 is'rotated in the cylinder 101 by the action of the driving

means 102 (of chufg g)ﬁ%cg?s;%t sbiMbaSARGE A arilinid ke’ a?ﬁgaf Igfra%n\fx}gﬁabéeﬂ%ed by a

speed reducer, as c wth a rotdting spee neans),

uher eyt Bhphe ¥he BnBle1 AR aRbifid: SRIADE: ARG Lo R BRRELH o'rRa pBRi0RY! | Nder

of the cylinder 101 to be mixed with a polyproﬁylene 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 polypropylehe
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 Z1 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
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melted and m xed whil e sinultaneously being noved conpul sorily toward the
other end of the cylinder 101. In the process as described above, an
antistatic agent and a foam ng agent are 10 supplied to thg4ceadn 2g§r 101

t hrough aneideloesngr ances 101d, 10le formed at a md port&,e? 9{005259
cylinder 101 to be m xed with a pol ypropylene nelt. As descCri ed 3 ove, the
cylinder 101 of the first extruder 100 is divided into six tenperature
zones Z1 to Z6 according to the tenperature condition of the pol ypropyl ene
melt which flows therein as shown in FIG 2. Each of the tenperature zones
Z1 to Z6 has 15 a ‘fRRfAIreqonadoul Baiptaimsd goniamperatuse of 47810 adicksisebe , t he
cylinder 101 has an inner dianeter of 65mm and LD of about 358mm and t he
tenper at ure condi S7BH 28y the $repnd tesngratyierrone Z2% h@arfin piaw @y | anentistetic
according to each tenperature zone ZI to Z6 of the cylinder are as

foll ows. 1) First 28@jenpplioddo therkirdtempentyre penetZs. whi ch t he pol ypr opyl ene
and the 20 nucleating agent are supplied, kept at a tenperature of 150C, a
length for whi dhFowel tampeeature mose didur he polymropykeneenklt flbamingi throughltkaigt h of
the first tenperature zone Z1 is 360mm 2) Second tenperature zone Z2 :
The polypr opyl ene fonsthttempaseiiregzont Zduig maitiained atcorthptrenpe 68220°®, Z00§oZ2 | S
mai ntai ned at a tenperature of 170 *C. 25 3) Third tenperature zone Z3 :
The pol ypropyl enelLB6! &s fal osming tagemtuighsuppéied horle i @liddet OHAT 2GRS folMR

02/ 094916 PCT/ KR0O2/ 00915 tenperature zone Z3 is maintained at a tenperature
of 170 C whi ch i stenperatiwan®nedst. i N t he second tenperature zone Z2. Paraffin
wax as an antistatic agent is supplied to the third tenperature zone M 4)

Fourth tenper at 6y Bifthasmpetdture Z0ne 250! VIR SuydrepRerd®ahélt fib@WeNrobi Bl Bid he 5
fourth tenperature zone Z4 is maintai ne%ﬂ%l{ gﬁterrper at u}r,Mg of0 %20 %{Rg co2

or temperature zone Z5 is maintained at a temperature of 200°C,.
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 Z.1 to Z6, the cooiing 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 »coollant
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 COz 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 COQ,, the device 110 for supplying CO, comprises a tank 110A for storing
CO,, an unit for vaporizing and freezing 110B, an unit for supplying CO, 110C, an unit for

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



LPG as a foam ng agent is supplied to the cylinder 101 at the fourth

tenperature zone Z4. 5) Fifth tenperature zone Z5 : The pﬁi}lé%rqune mel t
flow ng through the fifth tenperature zone Z5 is nmaintai g

t enper at wyg @80 C. . 10 6) Sixth tenperature zone Z6 :pchigr@abBr opyl ene
melt is maintained at a tenperature of 190 *C. In order to neet the

tenperature conditions of the pol ypropylene nelt at respective tenperature
zones ZlI to Z6, the cooling nmeans 104 and the heating neans 105 nounted on
the tenperature zones are properly operated. That is, the tenperatures of
the 15 podaygferogaytoethe umie l10R: fortvaponabsppai freezinge mpwhizh itr i ceavedsd #ito the Z6 ar e
adjusted to neet the condition described above by controlling an anpunt

and a terpsuraphdse dhafis; dnlthaicourselpplphsthgt thrdugh « asffigeratof of e anivlfomg neans
104 or a current applied to the heating wire constituting the heating

nmeans 10%asding dnd TRefifg 3P0, YC @, i6 Bhsifesdt and Qapéried Odndetheaupglieditd thenitcase of
using CO2 as a foam ng agent which is supplied 20 to the cylinder 101 of

the firstyenieudaiidedoy a(r%gqgmei wital10defot eepplyahg SaRP! 34 the ufiPI10B farsed.
The device for supplying used in the present invention is as follow

Ref er 5 NGt b@izink G 0% inMh $hnl 8f PipSLRROMckted Yd B BNEMsEY @OSTnthE baspha®f t he
device for supplying C02, the device 110 for supplying C02 conprises a

tank 110 ' Uniher £bro68RAS skt thie@ B7 iR GtokA&B, an
uni t for%s%tg{&d;l}%é g%%%géf%&ﬁ%nn uni% fgl;O\éZS stabie‘lgi%sg flOD and ié}i or age

unit 110 nig%%g}}@%gif@t}%el'f??lfickgx?depgﬂfmhé ARK e hBr 160 det@itdd atdet. 2005 WO

02/ 094916 | . 009! erred to the unit 110E for vaporizing and
freezing, in "“i‘he?%ﬁpghéﬁ&%m{ﬁ%uf Gohidi tRedid) Gihe Véﬂ%@raﬂﬂ?i?ondi-ﬁlaﬂé ihS¢hd N the

course of passing a retfrigerator of the dnit vapori zi ng and

freezing (J 408 Q@ BndsZ PB4 IsGbv3R tn¥AR VY AE Srev? Hhel 1135 134RPAd & drondt e uni t
10  cylinder 101 and then supplied to the second extruder 200 through the guide 150. The

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 ﬁrs"c extruder 100, That is, the cylinder 201
constituting fhe second extruder 200 is divided jinto six temperature zones according to the
temperature condition of the polypropylene fnelt that flows in the cylinder 201. A
cooling means and a heating méans are mounted on the outer circumference surface of the
cylinder 201 at positions corresponding to the temperature zone for adjusiing the
20  temperature of the polypropylene melt. |
The cooling means and heating meaﬁs 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



110D for stabilizing by a punp, the unit 110C for supplying CQ2. In the
unit 110D for 5 stabilizing, G2 in the formof vapor is converted to the
gas phase. CO2 in the gas phase is stored in the storage ub#t0CT1889 Wien a

process i Swid @dogde CO2 stored in the storage unit 110E .iré wl(}iglesd to the
first cylinder 101 of the first extruder 100 descri bed abOv¥’

pol ypropyl ene nelt which neets the tenperature conditions in the
tenperature zones Zl to Z6 is noved (noved by the screw shaft 103) toward
an end of the 10 cylinder 101 and then supplied to the second extruder 200
t hr ough t haccgidingetol1the temprratprl goudoionl ehide mpelyprqpgieak ngel Whhgibwhdei de 150
is maintained at a tenperature of 250 C . B. Second extruder 200 The second

ext ruder 2B@&httempgratute zdne heslkyergipyf ebweit @20 to 530rmmp Pl @@réfﬁié&uﬁﬁe&ﬂﬁe 15
gui de 150 has the same structure with the first extruder 100. That is, the

cyl i nder 2¢/inderc®dthiat ah immgr tiametee @6 OUmBXAddUUB s 2t U5V IR tenPoRnit X
tenperature zones according to the tenperature condition of the

pol ypr opy| emditives df thegolybtapyent Mndlhia thy kilntder 2804 thétetﬁ&%thfégzoﬁﬁ‘saﬂ§ agnd a
heati ng means are nmounted on the outer circunference surface of the

cylindexr 2@llows. positions corresponding to the tenperature zone for
adjusting the 20 tenperature of the pol ypropylene nelt. The cooling neans

and heat | ng meany Bk Rnipaiveurt BSnS@BRBkiUGHI By {910 he cooling means 104
u

and the heating nmeans 1 nmount ed on the outer circunference surface of

the cylinder 103230§ecbﬁ’ﬂ3te‘ heSbur€¥ddeudgh 100 shown in FIG 2. Therefore, the
description on the structures of the cooling neans and heating neans is

omtted. 25 The 3§yiiiRAdehpaRirdontNg4$8Cc0ONd extruder 200 is divided into six
tenperature zonez 26 04 pOCT 50(%1 V\% Ogl 094916 PCT/ KR02/ 00915 according to

the tenperat Ure4§C¥°5$irthia9&‘ﬁﬁf1téé%{sﬁﬁ’ﬂg%%%ghﬂtﬁ% melt which flows therein.

Each tenperature”zone has a | 0 to 520mm 1In a preferred

aspectyy the cylsi ' . di t f 90mm and LD is about
295mm  The terrpe? gﬁ@g&gﬂermz@ﬂe ttﬂé‘%éjor&%.‘fﬁs"e.

C. Pumping part 300

The polypropylene melt at a température of 135°C discharged from the secohd
extruderv 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



conditions of the polypropylene nelt in the cylinder 201 at the tenperature
zones are as 5 follows. 1) First tenperature zone (the entrance portlion)

: 170 *C. 2) Second tenperature zone : 150 *C. 3) Third b re zone :
1451C. 4) ~oolvd/idv4ampd fifth tenperature zones : 140 *C. 10P % Ogggl
tenperature zone (the exit portion) : 13 5 'C. C. Punping par The

pol ypropyl ene nelt at a tenperature of 135 C discharged fromthe second

extruder 200 is supplied to the punping part 300. Since the nelting point
of the 1 ypropyl ene is 1381C, the pol ypropyl ene nmelt discharged from
t he secongs@gt r %&eg‘%%ﬁ H%%‘O‘Bé?g %hec Bq"?gﬁgdgqlaﬁl spnpeeierd tdthe rpylinder 208 wifrile speed.
In the present. i nvention, the punping part 300 is used for noving

conpul soriﬁeﬁowgﬂlwggﬁﬁﬂa%%lt to a subsequent process. FIG 5 is a
sectional view showi ng the inner structure of the punping part 300 and
honogeni zi ng parkhe PolypEapsiene meltmlischarged from the eyligier201stiithe sédoad iexinefer
structure of the 20 punping part 300 and the right side shows an inner

st ruct ur e 290 ispErHisadgdhe mneysyaee of Al@0gasingedfievit ithe bntrandd portiompdndgthpar t 300
to which the polypropylene nelt discharged fromthe cylinder 201 of the
second Jextdsshaged oompusasilyptsl dneekitcparion by theatworehnB038 lanl 302B Gvhidh jopmer
space, a pair of gears 302A and 302B engaged wi th each other and installed
rot at abl y i @PP®ite Hizedtionstovspbeentst of the imes spage 30the cadiiy. a T EM&MpW@ﬁé\S 303
for rotating the gears 302A and 21 WD 02/094916 0 4 OCT 200

PCT/ KRO2/ 009t BisG0Rsd ffom et cydinder 200r of 8 seforidhextrtasi 100 R9% femp&afineet ed to

the cylinder 201 of the second extruder 200 by a flange 304.
135C, and a considerably reduced fluidity. Therefore, the pumping part 300 serves to
compulsorily transfer the polypropylene melt to the next 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 c;f 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 cbrresponds 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
22



The pol ypropyl ene nelt discharged fromthe cylinder 201 of the second
extruder 200 is supplied to the inner space of the casing 301 via the
entrance portion, and then 5 discharged conpul sorily to & &%ilt28brtion by

the two gQRy;efded and 302B which rotate in opposite di rﬁ@f/kﬁb‘h?oo& ward a
center of the Inner space of the casing. The pol ypropyl ene nelt di scharged

fromthe cylinder 201 of the second extruder 200 has a tenperature of 135
C, and a considerably reduced fluidity. Therefore, the punping part 300

serves to conpulsorily transfer the polypropylene nelt to the next
process. gt ismikghbyhairotation maremend of gﬁeﬁ\{’ stdieutismr9l. the whele ralyoropplfect ed to
the exit portion of the casing 301 of the _punping part 300 is divided into
a rotat i ngelpisr mainpmed gaastantlyr Gshiemgeptye. Jdos. singecnew pelypropyjensamelt 4D0A i s
conposed of a first housing 401 of a hollow cylindrical shape, a 15 driven
sprocket sappliedicemgulsorily mad santéruonsly buthe miminepdrt 489, thopadjprgpoe nsld a
driving neans 404 to which a driving sprocket 403 is fixed. The first

housi ng 40totated andopovetiadtheaame ey t o support pl ates 407 and 408 through a
plurality of bearing bl ocks 405 and 406. The drive sprocket 403 of the
drivi g nmeans TA64ruskingeant d00B/is dontposeddifiaveerevs gt lbodomectdDid the esdidpdrtiont he
outer surface of the first housing 20 401, whereby the first housing 401 is
rot at ed iof the ipohsesirtgodihe se@earidionsging i1 tdeated on\therquternreisnamiettute ofnthend of
the first housing 401 corresponds to the exit portion of the casing 301 of

t he punpisegewo40tand QGraadedd I2hticuntéden the biter ciftyinferendeadftheliesatddiogsifg #1iom t he
punpi ng part 300 flows in the first housing 401. In the first housing 401,

t he tenpeoatdimthg f aiftlpdt Bedcy (betrch eiResed®id hausthgvalli £d tA€ Giamdiqg. tDhd he
| ocation (that is, a central portion and 25 outer portion of the inner

2005 W 501 004515 e 0 B0a e e R R EHr o o ageron
nelt is mxed by the rotati on novenent of
the fig stcilomedrdde 40 ace iRRe0MiAl @ BRAVRERRAYIEREs formed between the screw 410
and the second housing 411 and extended to the 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 11;1e1t 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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melt is maintained constantly at a tenperature. Here, since new
pol ypropylene nelt is supplied conpulsorily and conti nuomgo&ﬁ, 5@5
punpi ng part 400, the polypropylene nelt 1is rotated and t e same

tinme. 5 TRegedgbadlkng part 400B is conposed of a screw 419.23%3@%69@&0 t he

exit portion of the first housing 401, a second housing ocated on the
outer circunference of the screw 410 and a franme 412 nounted on the outer
ci rcunference of the second housing 411 for formng an airtight space

bet ween the second housing 411 and the frane 412. The screw 410 is a
cylindri céwlfﬂi'é%?éﬁl spasg ibslgvesn dhs Ff‘é;pnﬂgm'h?wg 44 and; the dersvndklois Adinsisd e e out er
10 circunference surface thereof and a spiral -shaped space is forned

bet ween t REdgieranedtemPeraiyEe- t he second housing 411 and extended to the
entire length of the screw 410. Therefore, the pol ypropyl ene nelt

di schar ged frondt the réaresd of hediompganizing fpart A0 hatais, the exip part ofl beAceander a

hi gh pressure, is noved al ong the spiral -shaped space between the screw
410 and t heusingcéHd aHmoigenjziag means 450 9 dispgred foucrushing hed hoswremzinpar t

400B. 15 Meanwhile, a heat transfer oil flows in the space forned between

t he segonthixtheuSitheglisthdrgedpblyprepylemameltdRl a Mickeatingsagean i nl et port 412A

t hrough which the heat transfer oil is supplied is fornmed at a side of the
frame 412, an OFIG. 6A a4d PBG16B aedtonthhiewh of 4 hotatinggilate d8ihafden fixing plate 452

di scharged is fornmed at, the otner side of the frame 412. The heat

transfer obdstitufiag thehiomubeniethgt ednk 6158 pregectiadlye elhet foeating plidel 48Dusd 1he 411
and the frane 412 20 via the inlet port 412A contacts directly wth the

surface ofixingelsaeasnbaveaume Bbaptlahdtade madthtes in 4 Biatel BANAEREN Bnidtted Reth
pol ypropyl ene nelt that flows in the second housing 411. The heat transfer

oi | that Eidhwher, prévicedIRAEE: REkNE RNt 45 iSRGeMEd heaabing 411 and the frame
412 to adjust the tenperature of the polypropylene nelt is discharged via

the oygl et pOftApﬁikZli‘t}ofegé}ﬁ@gisﬁiAfé}é fhritell Qdial bt e PBfAtin® blateedBiCERKUr € and
di scharge are proceeded 25 continuously, whereby the tenperature of the

g%IT /y E %278@3‘%@“ Whitdnbed| oN4Rd & RedtBeofBe Atalilel pRROBSIVO i, Q4 ABy of
circular holes 452A are formed on the fixing plate 452.
The polypropylene melt discharged frém 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 poir;t, the polypropylene melt is cut by an edge of each
opening 451A, whereby all polypropylene ,‘I'nelts 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 ﬁlate 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-R in FIG. 7, and FIG. 9 is a sectional view
24




spiral -shaped space between the second housing 411 and the screw 410 is
adjusted to a predeterm ned tenperature. At the rear end 3{ hg?
honogeni zi ng part 400, that is, the exit part of the secon ’*_ sg% 411, a

honogeni ziwg oiBadfs 450 is disposed for crushing and homogeRigiifeds °

m xture of the discharged pol ypropylene nelt and a nucl eati ng agenf. FI G
6A and FIG 6B are front views of a rotating plate 451 and a fixing plate
452 constituting the honogeni zi ng means 450, respectively. The rotating
plate 451 and the fjxing plate 452 have sane shape and are nounted in a
state t hatakgmaipng ihe ]@@n‘t:%ctﬂeﬁqmgt h The dies pattifdp is divisled deta atdisphanging nagh at i ng
plate 451 is mounted rotatably. 10 A plurality of openings 451A are formed
radi al |y 8f0Amecuttingertf§0Biaad a driwng meantS00§heni ng 451A is sl anted toward a
center of the rotating plate 451. Also, a plurality of «circular holes 452A
are formed on tHee disshiargingbart §0a53s cdinposed|of pr lglphe odindert-shapkdsgitide bad from
the second cylinder 411 arrives at the rotating plate 451 which is

rotati ng aftlapbssdmdehitigbaterbatisidpthaigngledai S0T. orOrethe ontet biecundfbrenad ¢t i ng
plate 451. At this point, the polypropylene nelt is cut by an edge of each

openi ng 48kAuidettar 80l agilhralitgloy pavighasi 004 anefdrmed irea hpidhtich] dpedRaREES] V.
The crushed pol ypropylene nelt is ground by the rotating plate 451 which

rot at es i puitibbarsisac e Thbpslygrepylédeandlpdisdharyed dloat the Abmogenikiddysarf 400i flRgvsp! at e
452 and di scharged through the holes 452A of the fixing plate 452. 20 E

Di es part irbéeh thetyt SOMAET athiepurslity tof hroBgh REIkY HOXAD MleEBenddBdt tpdrifdng 6P feg ed
fromthe honopgenizing part 400 Is supplied to the dies part 500 to produce

pel | et - t ypdinkieB802. cobreéponding %o fhe Rdspettivh BXViGABBAY a structure of the dies
part shown in FIG 1 and FIG 25 8 is a sectional view taken along the

line 13-B in Flfhe duttifgbrf560B B dofap@seteGid QApAbril §i4te 406 16tatcl bt #R%%ar

10 side of the discharging part S00A and a cutting mémber 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 502A of the cylinder 502, as shown in FIG. 9. As shown in ﬁgures,' a

diameter of the through holes 502A formed oﬁ 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 1némber 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 $05 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 |




WO 02/ 094916 PCT/ KR0O2/ 00915 taken along the line CGCin FIG 8. The dies
part 500 is divided into a discharging part 500A, a cutting part 500B and
a driving neans 500C. The discharging part 500A is composeg;ofCTa 209! | ow
cylinder - GhpRadsgsi de bar 501 and a cylinder 502 | ocat epopikedd@éist he gui de
bar 501. On the outer circunference of 5 the guide bar 501, a plurality of
cavities 501A are fornmed in a longitudinal direction of the guide bar 501.
The pol ypropyl ene nelt discharged fromthe honogeni zing part 400 flows in
each cavity 501A. The plurali.t f thr h hol es 502A are forned. at
portions fatedia response e ie rB@QO%BE%%‘B%g? ﬁ’@jpf‘ 8OV ecqng B%f‘?(ﬁtéané%}{;‘ﬁ% es
501A. The cutting part 500B is conposed of a supportin I tLe 506 cated
at the re@pans £33 sonnected tq the caankHAMRH s VEIHRE THHIPR I&ﬂ%?“%ngﬁfta ¢ igvhetber 503
fixed to the supporting plate 506. The cutti n? menber 503 is_| ocated
movabl y ote linker navemienteand ransraitting thelieser moveraeni to 1he suppogingniate $96. of t hr ough
hol es 503A formed at positions corresponding to the plurality of through
hol es 502A of tOreedlé eendetrico@s Shkisstatated by tha opergtionaef thgowefor ALY, itheres, a
di ameter of the through holes 502A fornmed on the cylinder 502 is | ess than
t hat of tiveatibh mdvemanghofhihk esank0BIA & @onvedted rio tthee linear thovgmernbiethegeser At an
initial position, each through hole 502A of the cylinder 502 is | ocated on
a cent r al cowerting andotfrartsinditicg measpiliddamighert tnasmdttedrtoltee SPBKtiog platecS06d@ t i ng
menber 503. Meanwhile, a plurality of grooves 502B are fornmed on the outer
ci rcunf er whick endls off fveipegdatingl esdsFTWS dre) fimed. orlfietefictientile wittingcmenber £09 is

reci procating rods 505 are |ocated in the 20 grooves 502B, respectively.
The cut t i rgiprraike alohf thel daiter iciramnferenced the odmtlen®2r ods 505 by fi xi ng nmeans
such as a bolt, whereby the cutting nenber 503 is reciprocated on the

outer circunfengamenhit, thdpolgpobylety m8Diséhdrdetd dronrethie homogérizigg pacdBAS whi ch
is. reciprocated along the groove 502B of the cylinder 502. The driving

means 1&00&j&{edtdgserqu@s%ur@% ih SAviEse S IK fitmee0aahs suide baB05had 25

: e?QQraiiﬁr _
which is rotated by a notor 510, a crank 512 that is connected to the
eccent ri CyeRRkprhdeihrough the through holes 502A of the cylinder 502. At this time, when

each through hole 502A of the cylinder 502 coﬁesponds 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  503A and then is expanded to the outside of thé cutting member 503 with a certain length.
Then, when through holes 502A of the cylinder 502 are released from the corresponding
state with the through holes S03A of the cut’éing member 503 by the movement of the
cutting member 503, the expanded polypropylene melt is cut by edges of the through holes
503A 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 cuiting member 503, the pellet-type foams are formed.
A diameter of each ‘th'rough 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.
26



16 0 4 OCT 2005 PCT/ KR02/00915 rotated in response to the
\r/\;)Dtth{ gg4gf 6t he cam 511 and a power converting and transmtting nmeans 513
connected to the crank 512 for converjti ng rotation novenent 0t 6CE 28I5ank
512 to |iveaozewsenent and transmitting the |inear mvenggtr/ﬁk(a%/h@%
supporting plate 506. Once the eccentric cam51l is rotate 1o
operation of the notor 510, the 5 rotation novement of the crank 2 is
converted to the linear novement by the power converting and transmtting
nmeans 513, and then transmitted to the supporting plate 506 to which ends
of reci procati ngtieobplynsonylenecmelt saesterree frefothe crashmgcpert #6003 mnﬂ%fecﬁaﬁ_ : S
reci procated al ong the outer cjrcunference of the cylinder 5(?2. M?an. 1:) e,
t he pol ypr‘b‘tﬁiﬂélPéeSPFEPPfé?%ﬁamgéUthﬁrdmmﬁe KHohe gelppropplgnepmelt if € dies s
i njected under pressure to the plurality of cavities SO01A formed on the
gui de bar Soesedrireciliorthe sosphete, muspafhe fonenstdns opsylvelial da obd2 o prievé_nlﬂg
cylinder 502. At this time, when each through hol e 502A of the cyli nberth
502 cor r esiefiersion of epesivells: frothg hresait énvehiioh, aidetdngpressioh inieass WRILRA%d 508e by t he
reci procation of the cutting nenber 503 by the operation of the drlvggg ;
means 510,outtide pfthy dicopart. ene nel t passes through the through holes 50 _aﬂ
15 503A and then is expanded to the outside of the cutting menber 503 wit
a certain | engt in FIGh&ngn sheamld bfﬂﬁgihc&ﬁﬂ»@@i&pﬁéa@fingtmedc&fIthgggg gigg? arﬁ
rel eased fromthe corresponding state wth the through holes of t 3 .
cutting mehben. 5UB &@Comb&sﬂmyﬁﬁmwﬂofishhﬁsin%%i r&gsdm@%ﬁ%gg%@gxﬁﬂ pande
pol ypropyl ene nelt is cut by edges of the through hole “the 0
cutting nei®bArand@Re cuti@igeparteS0UBBERS A8 fe5Btm nE-Ie ohrbgieg‘tﬁe ftrﬁgﬂﬁelesf. If th
determined by a noving speed of the cutting nenmpers 503. UZA arter e
pol ypr opy lie e bérbhdersdtSodehdad sHapd of B{eoéégiﬂgtﬁlﬁf id g«rﬁ“} 3ikt‘cdh°|ﬁ%5%n§8nce (}C‘){)g@gear .
cylinder 502 and cut by the CE&II ngmjl:rgil e[_) 353\09{ .tg pel\gb'en;jte?/pSOZ afs are
;ﬁén?ﬁng e;%pxggsi onwﬁaﬁlsqﬁg&ggpu?@ ti mstgano%i a d|h§nqe§’é§ o*’ atnheé“ttl?ﬂrbh@n hol e.
Al 'so, the thidbih REiCHRIASKhARRAIiS formed at the other side of the casing 601.

o bl

A temperature of the air which is supplied to the casing 601 is room temperature
or less and can be maintained by a cooling 1;1eans (not shown). Also, it goes without
saying that, in order to maintain properly a pressure in the casing 601 (for example,

15 0.8Kgflcm?), 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 coﬁstituting 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 \}iew 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
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25 reciprocated at a speed of 600 revolutions per mnute. 26 0 4 OCT 205
WO 02/ 094916 PCT/ KRO2/ 00915 The pol ypropyl ene nelt transferrej}g %t he
crushing part 400B are subjected under a pressure of 120kg t he

di es part ywd fadohgs POl ypropyl ene melt in the dies is exppepgriigoest!y to
t he at nosphere, nost of the foans are open cells. In order to prevent

production of open cells, in the present invention, a deconpression neans
is installed at the 5 outside of the dies part. In FIG 7, an exanple of
t he deconpression nmeans installed at the dies part is shown. The

deconpr essapsiping®ies70d Qcates] aa thediwinhof 166 tylinder $620 bt thrapgh ndnichi keatisangfeng par t
SODA and the cutting part 500B of the dies part 500 fromthe outside (the

at nosphergi)is shiplied Sroin0thb eutsidelar shiraliist of iatvirg spai®2 ebndebied cathe mgppBAdg i s not
limted. An entrance port 602 10 through which air is introduced is forned

at an si @7701 Rey 6RShRSNRGhd ANACHefeoP hd iRPaledtiRrtay @plindel G0224rd b
exhaust e |s formed at the other side of the casing 601. A tenperature of

the air whidhbroir p?if*p%j Reatb® attth@ﬁﬁatscsmge 6QhdeS5020210 doBAREIIAD Wh @xit @hid | €SS
and can be maintained by a cooling nmeans (not shown). Al so, it goes without

sayi ”gsthﬁfZBdf?I%él‘gﬁg%P@e%hm ai n properl y a pressure in the casing 601

(for exanple an anount of the air supplied to the casing

601 can be Contfé@' n%dcyQ%'%l?e RO Ror sﬁﬁ@%in? ROWMRat YRR, h@oateﬁQ?t%&nt pert 603

can be connecte age nmeans storing the prepared pellet-type

foams. al g il W neaHG, bne éondttff yrmglaaghgsﬁ AdwindRiefl hAYEbwR ot

constituting IS ve e terrperature

o e o iy s, P S AR S 1 R
A S A e B B SRR AR, .
108 i %o ! heentrfaﬂc%néndg/ 72 8% the ﬂgwm]g'%ﬁ‘aes ;Hf cgnaﬁ%clzt 9+ 04 supplyti& pipe 701.
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 70§.B of the flowing pipes 702 ére
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 oilb after performing heat exchange with the cylinder 502 while
flowing through the flowing pipes 702 flows info 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 iﬁstalled in the cylinder 702 and the heat

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



deconpressi on neans 600 illustrated in FIG 7 is not shown for

conveni ences' sake. 25 The cooling device 700 used in the present invention
conprises a ring-type 27 0 4 OCT 2005 WO 02/094916 PCT/ KRO2/ 0Qp4.3CIugg$ yi ng
pi pe 701 | wapse@dsoas the front of the cylinder 502, and th*,g,? h whi ch heat
transfer oil is supplied fromthe outside, a plurality o 3‘9&"?‘?&15pi pes
702 connected to the supplying pipe 701 via an entrance end 702A t her eof
and installed in the cylinder 502, and an discharging pipe 703 | ocated at
the front of, the cylinder 502 and connected to an exit end 5 702B of the

f1owi ng pi Féngey 02Ty acoomplishedpwheiepe tiOdylinder sl ginsgnilheefiant shitdnsf er

oil, located at the front of the cylinder 502, is connected at one end to
a conpul sdFPPeeiyLe fagthrpendyctiononf fedman) such as a punp so that the heat
transfer oil is supplied to the supplying pipe at a constant pressure. The

heat transfer oiMeapwhilejthe tsepblyiog triige POLIfE dipylyide fHeOMdaD draRifReSi 79 %hﬁ[ hrough
10 entrance ends 702A of the flow ng pipes 702 connected to the supplying
pi pe 701. fievengpipenl02 ynthet dischbihl figle 10PES wiibh Wb HRASELhsR ggzthﬁ@%ear

ar e

interval on the entire outer circunference of the cylinder

ext endéd dlooving tpiyes eT02i i shygtigh hhed® & NehoC¥hdnRdgS thi Ok ent fance
end 702A and each exit end 702B of the fl ovm'png pi paZs sog&grtga%%&ﬁgsésd to

the front semdtanéouslpesupyliddn e and PeoeivER SFdth e ﬂo{whf:ghgfc‘pﬁste 703 é}ﬂcﬁfnﬁe}ﬁ o ol g]el

supplied 15 through each entrance end 702A from at trans

suppl yi ng ciroymferdiide 6 thysylinder S8WhbRQedtlon % 19l 2 he entire
| ength of the cylinder 5}(7312 (that is, gfttoe\r% Q%gwma%eg tPEAéKQe}qgraiheéqQ%ange),
and then ioftidisasiging@pide 70 PaRPHB dR%hdreifR B ' LS £ XRe, Bipe, 793 for
di schar gi ng the@ﬁ%a?@?fans?er oi | I%%gggﬁzgtaﬁ%sﬁ;épﬁlpgh{%o H'pg(ar?gcgquﬁder 502

is connechel@l’f‘eaént@lih@e,%ﬂe)ia%pléfol bi dnh@nsfer oil storage tank (not shown).
20 Thus, the heat transfer oil after performng heat exchange with the

cyl i nder 502 A i h fdowing.pipes 702 flogws into the
_hgat “transfer %{)ﬁdghg aéragtl &gél%?%ew;}gge dﬁﬁ%ﬁ‘gl‘f?ffﬁ’ eéi)ggaﬁ @ng‘e@ 188d t hen
I's direct edahfled MIRRIL, 1i@ASbE LnRdos A0S fc}ll%nwlftig 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 tile 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 0.5kgflem® A rotating speed of the first extruder was set at 24 rpm and a

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

25 40 kg of random copolymer RP2400 (polypropylene-3 weight % ethylene;
29 -



As described above, in the course of flow ng through the heat transfer oil
supplying pipe 701, the flow ng pipes 702 installed in the Cﬁhtgﬂ&(r) 702 and
the heat 25 transfer oil discharging pipe 703, the heat &éc et ween
t he heat fer oil and the 28 0 4 OCT 2005 WO 02/ 0949 /00915
cyl i nder g&g&?og% ?:corrpl i shed, whereby the cylinder can b%&é[g%{/@ﬁ y kept
at a suitable tenperature for the production of foans. Meanwhile, the
suppl ying pipe 701 for supplying the heat transfer oil to the flow ng

pi pes 702 and the discharging pipe 703 to which the heat transfer oil from
the 5 flmeling ipidgxe8.270meltmgspyiml 13RICHaomneerdiallyg obtampé fswm t Yiditwat Kereheat
transfer oil is simultaneously supplied to and received fromthe flow ng

pi pes 70Z2Pemuchémidaldnd.t H&o., Iatilr and 06 rgesfsediom dartenatylcomderciBobidingiefraact i on
is a circular shape. However, the shape of the supplying pipe 701 and the
di schar gi KeumiYaag 703 Litd nedre bupplied b the extruderghratsh apectioe/Bopparsdi BéEgent

shape, for exanple polygonal shape. 10 Now, the present invention wll be
descr i bedoft garafeh evasteNaicombérdidlly Stahihediog Léosheibs Co. Home®ahhad, Kdr&)t 0 be
understood that the follow ng exanples are presented to 1I1llustrate further

vari ous agReGipplied tb he DigSeMpberafiY®RbhOBf tRULirRleRiriity. | 1 ROGELHP wakni t the
scope of the invention in any aspects. 15 Exanple 1 In order to prepare the

pel | et -t yRo ioRs @k BRARKCIaDldmkeds Ak YouQa%! %E}eusiﬁg%rﬂist@ﬂné gpr?tggf

i nvention, a tandem extruder "having a first extruder Wth the

di amet er ?én&@?me%gdiﬁoﬁesg%;ﬂ%c?frﬁﬁlﬂg et del tﬁr&?ﬁlﬂ tRe ‘flgmgg&ﬂﬁﬁg Be\}?{e 4g0mm was

nodi fi ed. gear punp an es part were conhecte ccessively to the
rear end gfuih 9 Iyuolel=l ol neans as shown in FIG 3
was i nst aﬁ ‘e@ gf@gp’%@o@%%&}g&?ﬁ%&%el tﬁ‘?g’éé I sg%}gr ged fromthe gear
punp, a conpression neans i s provided outside the dies. Through hol es of
the dies had a dianmeter of 0.7mm and a pressure in the dies was

10  Table 1: Temperature condition

Temperature Temperature
Device ZoneNo. | (C)
| * 150
2" 170
First 3% 170
Extruder 4" 220
5t 200
6" 190
Guide * 250
1 170
2" 150
Second 31 144
Extruder 4% 139
5" 138
6" 136
Gear pump 133
Homogenizing device 130

* installed between the first exiruder and second extruder for guiding the melt that have
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mai nt ai ned at 0.5kgf/cn2. A rotating speed of the first extruder was set at
24 rpmand a rotating speed of the second extruder was set at 9 rpm 25 40
kg of random copol ymer RP2400 (pol ypropyl ene-3 wei ght % et hy e;'n c ég'?io 4
OCT 2005 Wy @®d7§39641916 PCT/ KRO2/ 00915 nel ting i ndex 0. 25; gg{r ingo})

1381C) commercially obtained from Yuhwa Korea Petrochem 909 Ltd
and 800 g of sodium carbonate commercially obtained from Keum Yang Co.,
Ltd. were supplied to the extruder through respective hoppers. 300 g of
paraffin wax M conmmercially obtained from Leochem cal Co., Ltd (Ki nmhae,
Korea) 5 wessseslifph thedsixtio teniperdtine zohet fhefiat tktfidePRahOfirst Rewbiafuzd 2% druder .
12 kg of LPG was supplied to the fourth tenperature of the extruder by

usi ng a netheseécogd @rrgaler, Tenperature conditi ons specified fromthe extruder
t hrough t he honogeni zi ng device are shown in Table 1, and LD of the each
tenperature zone was 360mm 10 Table 1: Tenperature condition

Devi ceTenperat ure Tenperature Zone No.(.C) 1St150 2" 170 First3r170
Extruder 422Qniphe?P0 6t h190 Guide *250 let170 2n 150

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 procédure and materials as in Example

1.

Table 2: Temperature condition

Temperature | Temperature
Device ZoneNo. | ()
1* 150
2m 170
First 3% 170
Extruder 4™ 220
50 200
6" 190
Guide 250
1* 170
2% 150
Second 3% 145
Extruder 4n 140
5% 138
6" 135
Gear pump 130
Homogenizing device 125
10
Example 3
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Secondr d144 Extruder4thl139 5'138 6' 136 Gear punpl33 Honopbgeni zi ng devi cel30
* installed between the first extruder and second extruder bgr gﬂi di.ng the
melt that have 30 0 4 OCT 2005 WO 02/ 094916 PCT/ KR02/ 00915 Bas¥el 2Wom t he
si xth tenpgigahispigone of the first extruder to the firstyilepperatiire zone
of the second extruder. Exanple 2 5 The tenperature COﬂdi}t)I ons in tThe
device were set as described in Table 2 and the pellet-type foans were
prepared by using the same procedure and materials as in Exanple 1. Table
2: Tenperature condition DeviceTenperature Tenperature Zone No.(C) 1150
2170 Fir st r d170TExtemperatuse oonditions Gothetdevioe @ereckep B0described in Table 3 and the

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

L.

5  Table 3: Temperature condition

Temperature Temperature
Device Zone No. | (C)
I 147
2" 167
First 3% 168
Extruder 4t 218
st 202
6" 188
Guide 248
* 167
2™ 147
Second 3 142
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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1170 211150 Secondrdl145 Extruder4' 140 5 1138 6t h1l35 Gear punpl30
Honogeni zi ng devicel25 10 Exanple 3 31 0 4 OCT 2005 WO 02/ 094918
PCT/ KR02/ 00915 The tenperature conditions in the device wer e 0debCT, 2005

descri bed iwoiab4as3 and the pellet-type foans were pr ep%rg b}// usi ng the
sanme procedure and materials as in Exanple 1. 5 Table 3: T r%ﬂ@ Pt e
condi tion DeviceTenperature Tenperature Zone No.Cc) 19147 2" 167 Firstrdl68

Extruder4 1218 S202 188

Table 4: Temperature condition

Temperature Temperature
Device ZoneNo, | ()
1* 151
2 170
First 3% 170
Extruder 41 219
5% 202
6" 190
Guide 252
1* 170
2" 150
Second 3" 146
Extruder 4m 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 condjtion

Temperature Temperature
Device ZoneNo. | (C)
s 153
2™ 172
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GQui de248 1167 2"147 Secondrdl42 Extruder4' 137 5thl137 6132 Gear punpl30
Honogeni zi ng devi cel29 Exanple 4 The tenperature conditions in the device
were set as described in Table 4 and the pellet-type foans) awdf& e par ed
by using twWg os@ikicPr ocedure and materials as in Exanpl e ptQydro2dde® 4 OCT
2005 WO 02/ 094916 PCT/ KR02/ 00915 Tabl e 4: Tenperature condition

Devi ceTenperature Tenperature Zone No, (C) is151 2"170 Firstrdl70 Extruder4
*219 5202 6''190 Cui de252

First 3% 172

Extruder 4" 225

ki 203

6" 193

Guide 255

1 173

2" 152

Second 3% 147

Extruder 4n 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 L

Table 6: Temperature condition

Temperature | Temperature
Device Zone No. | (0)
1* 149
2™ 170
First 3% 171
Extruder 4m 224
5 200
6" 191
Guide 250
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[fft170 2"150 Secondrdl146 Extruder01141 51h140 135 CGear punpl30
Honogeni zi ng devi cel27 Exanple 5 The tenperature conditions in the device
were set as described in Table 5 and the 5 pellet-type foangi\v@Te20§§epared

by using theosawmeggr ocedure and naterials as in Exanple 1. ]‘:?%0% 5:
Tenperature condition DeviceTenperature Tenperature Zone o 13 2172
33 0 4 OCT 2005 WD 02/094916 PCT/KR02/ 00915 First3 172 Extruder4t' 225

5t" 203 el 193 CGui de255 1st 173

1* 170

2" 150

Second 3% 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. | (0)
1" 150
2 170
First 31 170
Extruder L 220
s 200
6" 190
Guide 250
1* 167
2™ 152
Second 3© 142
Extruder L 141
st 137
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2152 Second3" 147 Extruder4 t141 5142 6137 Gear punpl34 Honobgeni zi ng

devi cel30 Exanple 6 The tenperature conditions in the devi (e, WETe208$t as
described in Table 6 and the pellet-type foans were prepared by using the
same procegybHedsld materials as in Exanple 5 1. Table 6: plenR@saloy €
condition DeviceTenperature Tenperature Zone No. (*C) |sl4§ 2" 17/0 Firstrdl71
Extruder4th224 5 t200 6 t191 Gui de250 34 0 4 OCT 2005 WD 02/094916 | et 170
2" 150

6" 132
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. 'fhe 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 146C.

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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' | Zi devi cel30
econdr d145 Extruder4u’ 140 5th140 135 Gear punpl34 Hompgeni zi ng
gCT/KR02/00915 Exanple 7 The tenperature conditions in the device were set

as described in Table 7 and the pellet-type foams were Pr epgr %si ng
t he sane pmaxexhogasand nmaterials as in Exanple 5 1. Tabl eBE%n ure

> , 15
condi ti on DeviceTenperature Tenperature Zone No.CC) 1st
Firstrdl70 Extruder4220 5t"200- 6190 CGui de250 1167 ndl152 Second3rdl142

Extruder 4”141 5t h137
except for third temperature zone of the first extruder, which was set to 173 C.

Comparative example 5
Pellet-type foams were prepared by using the same procedure and materials as in
5 [Example 1 and setting the temperature conditions in the device as described in Table 1

except for the fourth temperature 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 205°C.

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 187°C.

~ 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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35 0 4 OCT 2005 WO 02/ 094916 PCT/ KR02/00915 76t"132 Cear punpl34
Honogeni zi ng devi cel30 Conparative exanple | Pellet-type foans rﬁ
prepared by using the same procedure and materials as in & 20092

setting theobeonefsat ure conditions in the device as descrgdigeroafdoolgbl € 1 5
except that the honogeni zi ng device was not operated. The honbgeni zi ng
device was maintained at a tenperature of 130 C but was not activated.
Therefore, the nelt fromthe gear punp passed through the tenperature zone
of 130 C without hom)%eni zation to be introduced to the dies. 10

Conpar at i FE@% Shedirst tpparature sppe of tha secons exirusien peichdvasysettoi1ig'Ct he sane
procedure and materials as in Exanple 1 and setting the tenperature
conditions in the device as described in Table | except for the first
tenperature zone of the first extruder, which was set to 146C. 15

Conpar at | W@nwreatipe exagpiel( et - t ype foans were prepared by using the same
procedure and materials as in Exanple 1 and setting the tenperature

condi tions in tReletiype feanmswele predatesichyi usinpathe eanle prexetapd addomatblidls se@ond
tenperature zone of the first extruder, which was set to 173 *C. 20

Conpar at | Ezamplenphrel ttitgl the tterhpgpatufeoconditions é theaeaice ths igsdtbed th Thige 3aNe
procedure and materials as in Exanple 1 and setting the tenperature

condi t i onsxdept foln ehedientind eergeraide eohdeting fecdebd@rule3FhNOWIZER9494B8c0 4 OCT
2005
Comparative example 11
Pellet-type foams were prepared by using the same procédure 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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PCT/ KRO2/ 00915 except for third tenperature zone of the first extruder,
whi ch was set to 173 *C. Conparative exanple 5 Pellet-type foans were
prepared by using the same procedure and materials as in 5 ?&auptqgﬁ and
setting thavoempaeyiat ure conditions in the device as descrhge in Table 1
except for the fourth tenperature zone of the first extru TEROHPOES was set
to 2261C. Conparative exanple 6 Pellet-type foans were prepared by using
the sane procedure and naterials as in 10 Exanple 1 and setting the
tenperature conditions in the device as described in Table 1 except for
the fifth eppiderdbe sisthAomperafiretdvee bf the becend exielfles, wMHhGIhsWBSo3§8°ct O 205 C .
Conpar ative exanple 7 Pellet-type foans were prepared by using the sane
procedure and materials as in 15 Exanple 1 and setting the tenperature
conditions in the device as described in Table 1 except for the sixth

t enper at urCommnaivefexdmysle ifr st extruder, which was set to 187 C .
Conparative exanple 8 Pellet-type foans were prepared by using the sane

procedure and nmieketitplesfoads wlre REpd Wﬁﬁ%%gﬁggl?g%}e%g@g? wﬁg?‘%@:{ gr& g; ’ﬂre e

conditions in the device as described’in

whi ch Was Bxatnpteol aﬁﬁ&ﬂi@%ﬂéﬁbérﬁﬁr@égﬁgl&s 9 R {ie@ic’et 24P sgrg)ggs E&ﬁﬁ@gel | and

prepared by using the sanme procedure materials as i

setting t kecdpe P eicddcdf Réhi i S ed device as described in Table 1 37
04 OCT 2005 WO 02/ 0949%%@/ KRO2/ 80 fgﬁ]g&cept for the first tenperature
zone of the second extruder, which was set to 1741C. Conparative exanple 10
Pell et-type foans were prepared by using the sanme procedure and materials

as in Comparative example 16

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; 10°C/min. to 200 C, 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 128.38°C,
respectively, which are lower than the melting point of 138 °C 6f 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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5 Exanple 1 and setting the tenperature conditions in the device as
described in Table 1 except for the second tenperature zone of the second
extruder, which was set to 153 *C. Conparative exanple 11 Pel & &CTt 98® f oans
wer e prepamadlodag49isi ng t he sanme procedure and material s aﬁcjr/hg%(g)ggarrpl el
and setting the tenperature conditions in the device as descri n Tabl e
1 except for the third tenperature zone of the second extruder, which was
set to 148C. Conparative exanple 12 Pellet-type foans were prepared by
using the same procedure and materials as in 15 Exanple 1 and setting the
t enper at ur BPlYeshdne(3§m3 randopheopaler es asntibbsierd hibjkct o fallementanexe@pts. f or
the fourth tenperature zone of the second-extruder, which was set to 142 C
Conpar at Fiectnglysisstas pecformedd kst usingithe fGEAFA- M0 elepteafany &hly¥r UTheGeshlie Sane
procedure and materials as in 20 Exanple 1 and setting the tenperature
condi t i onsarg shownen detde Beives bdlescri bed in Table 1 except for the fifth
tenperature zone of the second extruder, which was set to 143 'C ,
Conparative exanple 14 Pellet-type foans were prepared by using the sane
procedure and materials as in 25 Exanple 1 and setting the tenperature

condi t i onsTable & Results of the chandd@sy hldpRe in Table | 38 0 4 OCT 2005 WO
CH-KRO2-00915—execept —f-or the sixth tenperature zone of the

02/ 09491 6PCcH-KRO2{-80915 P S|

second ex(t ruder, ﬁarfn@ﬁ’ was set to 131“@1@“@6npar<tive exanpl e 15

Pel | et -tyjpe foans were prepar edWWa procedure and materials

as in 5 5%1 and setting the termergttur pbnditions in the device as
i RP3H0)

descri bed rendom eopelypter f or &hle gddr0 PUNP.* hhi ch was set to 141 'C.
conpar at | VeeiEXaRPlom] Of BRIEL 1T R s g fppared by using the sane
pr ocedur e_and Lertals as in ' ' ‘

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 ana]ysis.
The analysis was performed by using 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 pelllet-type foams obtained from Example 1 and

RP2400 random copolqur 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 givén below.
20

Table 9
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10 Exanple |
described in Table 1
131 *C. Experinmental
1 and Exakqd @/09494T € neasur ed
cal orineters;

10 T

m n.

to 2001C, 50cc/ m n.
tenperature according to the test nmethod KSM3050-2001. The results

15 f

and setting the tenperature conditions in the device as
except for the honobgenizi ng device,
exanple 1 The pellet-type foans obtalned

vmset to
rom Exanpl e
PEBRRDE915

to N2 purge) transition

or DSC (differential

are

shown in FIG 11 and FIG 12. As shown in the DSC curves of FIG 11 and

d Exanple 2 had nelting points of 137.62
h are |l ower than the nelting point of
2400 (pol ypropyl ene-pol yet hyl ene(3%
terial. RP2400 random copol ynmer as
ansition tenperature. The results are

perii mengsd, exanple 2 25 The pellet-type foans obtai ned
byl ene-
andom copol yner as contr ol

39 0 4 OCT 2005 WO 02/ 094916
wer e subj ect

he results

al ysis was perfornmed by using the CE
are shown in Table 8 given bel ow.
y anal ysis Sanpl eanalysis itemC (% H
115.0N. D. Pellet-type foanms of Exanple
able". The detecting limt of Nis 0.1%

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.

FIG 12,
C and 128
138 C of the rando Nim) cdo;atmr 20 (
random CO|)G| ‘y'i’TEf; t asS—t oW
control was msasuredi?o*r th;gif)SC t
shown in IEIG 13. BX
from Exanple | and |
PCT/ KR02/ 00915 pol yletshy|l ened2%) ) r:
to the el ¢apph@bY A YSTS JgiE @
EA- 1110 el enentary janallyzer.
5 Table 8] Results |of5 the elléfenta
(N (%9 RP2400 ragﬁﬂm cepol "e, 855
184.214.80.5 N.D. §r?s " nor?bﬁlet ect

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
5

Table 10
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Experimental exanple 3 The pellet-type foans obtained from Exanpl e tlrglnd

ol ypropyl ene- 10 pol yethyl ene(3%) random copol ymer as ¢ .
\;F\!el?rzgogugfecglgd !tog the FT-1 E anal ysis. The anal ysis was perfo&fm@ b?ﬂuﬁshnam
the Bi o- Raov@oyoedes FTS-165 FT-1R Spectrophotoneter. The Pr&ﬁ{ﬂ()%?ﬁg_e sho
in FIG 14 and FIG 15, respectively. According to the results, S 4
noted that the pellet-type foams obtained fromExanple 1 and RP2400 raln 021
copol ymer have a main _conponent of polypropylene. 15 Experi meEt a:EXexalnp e
The open cell contBahs of thg pBbdmed oftBapIOPRNS| prepared in the anpl es

e—measured accordi to the procedure C

and Conpa a ng i i

- : hlgg %’Qﬁo - 2t esults dare shown in Table 9 given
described |in_t € *SASTMOD 285¢- 70. The content 16% 213%

|1
bel ow. 20 [Tabl Al IdACT 2005V . Open ce
312% Exanmle4l 02%1314% 67% 712% 168%
Cell Size 300 um’
Compressive strength 0.81 kgflem®

Experimental example 6
The pellet-type foams obtained from Example 1 was molded by using a molder,
S00GF 4, produced by Daekong Machinery Co., Ltd., with a molding pressure set to
5  2.5kgflem® (temperature of about 138C), 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., 1td., with a molding pressure set to
2 4kgf/em® (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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249% Conpar ati v352% e exanpl e438% 544% 639% 752% 840% 937% 1036% 1131%
1253% 1329% 1428% 1526% PCT/ KR0O2/ 00915 Experi nental exanpl eu ?E&Thﬁ@a
physi cal properties of the foans prepared in Exanple 1 were asu

accor di ng w@osggventi onal method. The results are showpeipkriahlegs 10 gi ven

below, 5 Table 10 41 0 4 OCT 2005 WO 02/ 094916 PCT/ KR02/ 00915 It enfoans of

Exanpl e 1 Magnification25 Appearance col orLight ivory Cell Size300 /.a-

by way of example and not as a limitation. It should be construed that all modification
and change derived from the meaning and scope of the claims described below and
equivalent rather than the above description and equivalents thereof are intended to be
included within the scope of this invention.

5 The pellet-type foams of non—crosslin!ced polypropylene according to the present
inventipn has a closed cell content of 80% or more and a melting point of 125 to 140°C so
that the pellet-type foams of the invention is much available in a standpoint of formation

and regeneration.
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Conpr essi ve strengt h0. 81 kgf/cm Experi nental exanple 6 The pellet-type
foans obtained from Exanple 1 was nol ded by using a nol der, @QQQET%mF
produced by Daekong Machinery Co., Ltd., with a nolding pressure set . to 5
2.5kgf/cn2 (tenperature of about 138 C), to produce a well-nolded article.
Thr ough production of such a well-nolded article, it is proved that the
pel I et - typeroans according to the present invention are nelted at a

t enperatture—of—138 C to adhere to each other, I|eading to sold bonding

bet ween foans. 10 Experinmental exanple 7 The pellet-type foans obtained
from Exanple 2 was nol ded by using a nolder, 500G 4, produced by Daekong
Machi nery Co., Ltd., with a nolding pressure set to 2.4kgf/cn®
(tenperature of about 1321C), to produce a well-nolded article. Through
production of such well-nolded article, it is proved that the pellet-type
foanms according to 15 the present invention are are nelted at a tenperature
of 132C to adhere to each other, Ileading to solid bonding between foans.
From ghe above description, it will be appreciated that the present :
invention can be enbodied as other specific fornms by those skilled in the
art without departing fromthe 20 spirit and indi spensable features of the
present invention. Wth regard this, it should be wunderstood that the
exanpl es and experinental exanpl es described above have been made 42 0 4
OCT 2005 WD 02/ 094916 PCT/ KR02/ 00915 by way of exanple and not as a

U T T
equ vl il STyl RGeS (LSRR BRBh Lo ot Lhereor are
Pel g5~ 1yPe TOOms hudlsg  non-crosslinied” BofProptiens "FandS R Lo Imbe HalihgPh oS!
meltiﬁg point of 138 to 140 through a tandem extruder; said tandem extruder 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 172C is"set,
the tﬁird temperature zone in which a temperature of 168 to 172 C is set, the fourth
15  temperature zone in which a temperature of 218 to 225°C is set, the fifth temperature zone
in which a temperature of 197 to 203C 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 in which a temperature of
20 142to 147C is set, the fourth temperature zone in which a temperature of 137 to 141C is
set, the fifth temperature zone in which a temperature of 137 to 1427T is set, and the sixth
temperature zone in which a temperature of 132 to 137 is set, and a guide connecting

the first extruder and the second extruder with a temperature of 248 to 255TC;

(b) flowing the extruded material compulsorily by a pumping at a temperature of

25 12510 1407C;
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invention has a closed cell content of 80%or nore and a nelting point of
125 to 140C so that the pellet-type foans of the invention is nuch
available in a standpoint of formation and regeneration.s43y@ 4908CT 2005
CLAIMS: 5 1. Anethod for preparing a pellet-type non-cro‘gsl I nked

pol ypropyl ene foam having a nelting point of 125 to 140 C, conpri sing

steps of; 10 (at) kothsgeshiziflg thextrudédmaterinkad BRbYRERIRVEENE Pﬂﬂ@@ copol ymer
having a nelting point of 138 to 140C t hrough a tandem extruder said

t andem ext r uder, | St fi . ivided into the first
tenperature zo gf%%v\%l&%ﬁgeah%%%er aetddlﬁazé%afq){%{;&f%dpéﬁ is set, the second
tenperature zo in.which a tenperatyre of, 167 to 172 Cis set, the third
t enper at ur e zoRg) UL tihEﬁxaangFﬁ%artgt“ﬂF%Owlnﬁéetfapi 94%S.i s set, the fourth
15 tenperature zone in which a tenperature of 218 to 2251C is set, the
fifth tenperature zone in which a tenperature of 197 to 203 Cis set, and
the sixth tenperature zone in which a tenperature of 188 to 193 Cis set,
the sécond extrdsder dheimetiod foo preparihg raspelleetyper adnicwsslindeé golypabyyldnea
tenperature of 167 to 173 Cis set, the second tenperature zone in which a
t enper at fsaen of cldihy 1{Whéreih $aid foaiehas cldyed télis'of S0SPEMAEdIr € zone in which a
tenperature of 20 142 to 147 Cis set, the fourth tenperature zone in which
a tenperature of 137 to 141 Cis set, the fifth tenperature zone in which
a tenperature of 137 to 142 Cis set, and the sixth tenperature zone in
which a tenperature Js uj nnecting ,the

A fie 134andd &3 ﬁe&aﬂg?g 3 e%letgtglﬂe %o%—érsgsrl@g% pﬁfygrc&gleﬁ% 5C

first extruder and the second ex WTTh enpera .
{Orper o T B558 408 R R BB g b o SR 5 2

10

4. Pellet type foams of non-crosslinked polypropylene resin

prepared by the method of claim 1,

5. A device for producing a pellet-type non-crosslinked polypropylene foam

15  having a melting point of 1_25 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
homogenizing part, wherein

the first extruder comprises a cylindrical cylinder in which a screw shaft is

20 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 entranceis formed at an end portion thereof

corresponding to the driving means for supplying a row polyi)ropylene and a nucleating

agent thereto, an exit formed at another end portion thereof, entrances forrned at a mid

25 portion thereof for supplying an additive and a foaming' agent, respectively, whereby the
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(c) honogeni zing the extruded material at a tenperature of 120 to 130 t ;
(d) expandi ng the honopgeni zed material through a dies; and (e) cutting the
expanded material to obtain pellet-type foans. 5 2. The nethg? &ﬂi
preparing a pellet-type non-crosslinked pol ypropyl ene f defm? im

1, wherein said foam has closed cells of 80%or nore. 3. The nethod for
preparing a pellet-type non-crosslinked polypropylene foamof clains 1 or

2, wher eir&w%@dt&iﬂ@ﬁsaggggo Fhd B 1HnidBioviR Hednti@hoek3s ot dodilsorilP thvardele! ee;]gt type

foans of non-cross pol ypropyl ene resin prepared by the nethod o

claim1. .5. evi f [ I t- g non-crosslinked

pol ypropﬁyetlﬁég\scg%‘gﬁg&ﬁ??%ggﬁ%%%éh% @f’ﬁgk’% inﬁ%aﬁogf 125 to 140 C, conprising
the first extruder, tge second ext.ruder ﬁonnect ed t.0 ttge first xtrudﬁr, a
punpi ng part cHlngtoBl oG COBRH L eviindk G WHERIHE Ml opyihe; e
connected to the punping part and a dies part connected to the .
honogeni Aiseharged ftompier é}’lﬁldeh@ffth? Sstsxtmderels SUPHE stg@uggéfw igHigei ead 2
cylinder in which a screw shaft is 20 nounted rotatably, a driving neans
i nst abl egluslitaof enolingf medns anylla edting feansmoanted o amoutss ceoumisteare sufgea
plurality of cooling neans and heating neans nounted on an outer

ci r cunf engtreylihddrifer jbstindertemplratiey bi the @olypaspydearte aeit éstht oylimtdr.at an end
portion thereof corresponding to the driving nmeans for supplying a row
pol ypropyl ene apd,ampBicl gat i ddehprRGeat cAhgr Bhving adh @Midr JpRédrestoakhisRahber
end portion theregf, entrances forned at a md 25 portion thereof for

suppl yi ng, rc%gge%jgrﬁ/e?ti &E%F?%efd%% ﬁgﬁ@%ﬁ of %ﬁ%@&&ddv tﬁﬁdex\'\fa%ﬁﬁ&giédwgaiﬂf 04

OCT 2005 row ria pfied tot nder via the entrarces is flow
comlsort el RABIEL S A S5 AL BUED o A S DS g s
pol YRS Op%'d(rair\]/ﬁlgnnpiclee{ns for rotating the gears, whereby the polypropylene melt supplied therein is
flow compulsorily;
| the homogenizing part corﬁprises a first cylindrical housing into which the
polypropylene melt discharged from the cylinder of the pumping part is supplied, the ﬁrst
housihg being installed rotatably, a driving means for rotating the first housing, a screw
15 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
homogenizing means in'stalled 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
20  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 transfér
fluid oil flows in a space formed between the second housing and the frame to adjust a
temperature of the polypropylene melt which flows in the second housing, and the
homogenizing means crushes the polypropylene melt;

25 the dies part into which the polypropylene melt discharged from the
46




di scharged fromthe cylinder of the first extruder is supplied through the
guide, and a 5 plurality of cooling neans and a heating neans nounted to
an outer circunference surface of the cylinder for adjusting a tenperature
of the polypropylene nmelt in the cylinder.; the punping p@mto-pqgmises a
casing having an inner space into which the polypropylen€®nelt di scharged
fromthe cylinder of the secaond eeruger is.supplied, a pair. of gears

i nst al | elprieEeaizing pars g swerlieddis\gonsisted of BREhAZPE Rt ; AnEHties pag B T he
casing and 10 a driving nmeans for rotating the gears, whereby the

pol ypr opatieing meehd sosthipexpentetdfoams areicit af 4 cantacmsipell sorily; the honogeni zi ng
part conprises a first cylindrical housing into which the pol ypropyl ene
nmelt discharged fromthe cylinder of the punping part is supplied, the
first housing being installed rotatably, a driving neans for rotating the

first housing, ca scr-gg dRiGonR té?&ilté?? [BX ke efagdmobs tikgn B, ierdiP adHg, @

-second housi ng I'ocat on an o unferénce of the screw, a franme

nmount ed to,.an outer_circu re (o) LA . form:ng: an
it gnec Oy ae bt el BB it TR R bR is £ AP
honogeni zj ng neans installe a rear, end,of the second housi ng; erein a
spi ral s‘ﬁfé‘éga‘?"@ﬂFBr"f?é“d WPGE‘E;RO%@ 88‘55{%/ oves-tthe cQimgn e %E%Rprk’gdé%’hg}heg t he
entire .length of the screw sg 20 that the pol ropgll ene nelt di scharged
from t hecafingsis qentastedgvitls a sustace Pfithe cybade %ﬁl ﬁew 1503 5o fsitee S hahE and

t he second housing and discharged to an outside, a heat transfer fluid oil
fl ows i nempepare of cherpdlyipetpydene mbke thetcHows Houbé eylinde tenemes domery adddj ust
a tenperature of the polypropylene nelt which flows in the second housi ng,
and t he hehtmpgemszhiehtetbatseat tehesinghds phkatar inpyliene heming cod5s installed.es
part into which the pol ypropylene nelt discharged fromthe 46 0 4 OCT 2005
honogeni zing part is supplied is consisted of a discharging part , a
cutting part and a driving neans so that expanded foans are cut at a

certain size. 6.; Therdeyd§@ fRMprBldRIME iangelfetRRle Rant YPRIHiA) Rhelim it 5,
wherei n each

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

temperature condition of the polypropylene melt supplied to the cylinder, a temperaturé of
each .;::onc is adjustéd by the cooling means and heating means mounted to an outer
15 circumference of the cylinder, a temperature of the polypropylene melt is 147 to 153 at
the first temperature zone, v167 to 172°C at the second temperature zone, 168 to 172C at

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

the fifth temperature zone and 188 to 193°C at the sixthvtemperature zone.

20 8. The device for producing a pellet-type foam of claims 5 or 7, whereina
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,

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

25 9. The device for producing a pellet-type foam of claim 8,wherein the
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5 cooling neans nounted to the cylinders of the first and second extruders
is a casing in which a cooling water supplied froman outside flows, the

. cooling water supplied to the casing is contacted with a surfaceznag t he
cylinder and flow along the casing so that a tenperature of 4 10&d

pol ypropyl ene nelt that flows in the cylinder becones |ower, each heating
means nount ed between two casings is a heater in which a heating coil is

i nst al | edoathihgZageiiite bdevwppléed torthp cplihder of the fxst txatudey eCOgdivchdrged fromad,
wherein the cylinder of the first extruder is divided into six tenperature
zones acCRyiRk o mﬁ}ﬂggecb?,rmemewéé EorCRAPPIIAPLO09 tomPAsdRod Rk TBY {t6Hfy TBh,!

supplied to the cy r, a tenperature of ~ each zone is adjusted by the'

cool i ng d ! e i renc f the
oyl i ndar  Batige PACURRIAMORT RRZER COF Sohfechlh O Y 1ok, O HEMBIETREP o
first tenperature ne, 16 0 172 C at the secon enperature zone, ,168 to
175°C o Tepriormiine GOr Smsbied dirve Bt B teborR Bt Sreme T drehon 2hd 3
tenperature zone, 197 to 2031C at _the fifth tenperature zone and 188 to
193 CSat Stosegesynitfor stonips GRas@pighfomithe stabitizingient 0esupply bPodintg thy st
pellet-type foamof clains 5 or 7, wherein a polypropylene and a

nucl eat i nylindeeof therdfestsxppliéred to the first tenperature zone of the

cylinder of the first extruder, an antistatic agent is supplied to the
third tenperature zone, and a foam ng agent is supplied to the fourth
tenperature zone. 25 9. The device for producing a pellet-type foam of

cl aim 8, wherei nyphe The RBvite T p26fiRidg0arfeNst-B@e ThatOobelagtBR! Wheteinotht he
cylinder of the first extruder is C02 discharged froma device for

Sugp' yi ngykfitr drhife d€0HnACextRides W?vKdé&gin@gixC&Hgﬁféﬁ% @ork@@'éc&@fngit&%g ng

C02, an unit for vaporizing an reezing C02 connected to the t

d
st abi,} i zi | N ] pal r |
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circumference of the cylinder, a temperature of the polypropylene melt is 167 to 173 T at

the first temperature zone, 147 to 152°C at the second temperature zone, 142 to 147 T at
the third temperature zone, 137 to 141C at the fourth temperature zone, 137 to 142C at

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

11. The device for producing a pellet-type foam of claim 5’ wherein the two
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

20 polypropylene melt move compulsorily to a next process position,

12. The device for producing a pellet-type foam of claim 5, wherein the first
housing of the homogenizing part is supported rotatably to support plates through a
plurality bearing blocks, a drive sprocket of the driving means is geared with a driven

25 sprocket fixed to an outer circumference surface of the first housing so that the first
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10. The device for producing a pellet-type foamof claim5 , wherein the
cylinder of the second extruder is divided into six tenperature zones
according to the 10 tenperature condition of the polypropylene nelt
supplied to the cylinder, a tenperature of each zone is(ﬁgmqstgﬂsby t he
cool ing neans and heating neans nounted to an outer circunference of the
cylinder, a tenperature of the polypropylene nelt is 167 to 173 C at the
first terpuosing isretatadria, regpdnse of asmeration of the dréGng &1@8fper at ure zone, 142 to
147 Cat the third tenperature zone, 137 to 141 C at the fourth
tenperature zone, 137 to 142 Cat 15 the fifth tenperature zone and 132 to
137 C at the sixth tenperature zone. 11. The device for producing a

pel l et-type foam of q—#.@i By R Rbduch atﬁgget-g_,?,gr@am)ufltcm:ni A s tvhereinnther
0

space of the casing the punpi'ng part are rotated in an opposite

direction from.e ot her. cent f 4N nRkgteq he
20 pol yp%ﬁlﬁg%rﬁgggrgﬁahgoo\;eﬁlg\g%gg%?@gﬁ? ogacotﬁlgg%édp%égggﬁg%g?aﬁ? on. f% The
device for oducj ng.a pel let-t fo f claim3y . erein t firs

nousi hg SHeRHE Helrbgun mpiartir S50 oetethl: deten B Pl BB W s
through a plurality bearing bl ocks, a drive sprocket of .the driuvi means
i s gear e@luiplity of opaningsrarrenged Faskiallyt and;the fixing ‘ﬁeg’éf éPI‘EWE’LP%FEFBIﬁEEOq%rface
of the first housing so that the first 48 0 4 OCT 2005 housing is rotated

i n respomdereby afinr theexuppliot polyptdpylede inytlhis ardued at thg, rotatingddate @ad pagsed
producing a pellet-type foamof claim5 ,wherein the honogenizing neans of

t he honogeoigh sahppehingsformad iont thel rohting phteatthepopiraceylensumelds Sut by &t abl y
and a fixing plate contacted with the rotating plate, the rotating plate

has a phkageddt tathQipeai@noNaR tdinagsastes adl elchythangusied gdlypropylphaielthas a
plurality of circular holes, whereby after the supplied polypropyl ene nelt

I's aggiv ' 1426 @ @méfm@ﬂslt hnewathtigaghateopeni ng formed on
_the rl(g)t a?ﬁrﬁg‘“ﬁftgt%%l?ﬂ%ﬁré’tag%ﬁyprop% ene nelt iesgycut by 12%? edge of each

opening of the rotating plate, and then the crushed pol ypropylene nelt is
1o ground between the rotating plate and the fixing plate by the rotating

plate. 14. The device for producing a pellet-type foam of claim 3 swherein

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
15 formed on the outer circumference thereof in a longitudinal direction of the guide bar so
that the polypropylene melts discharged from tﬁe homogenizing part flows in each cavity, a
plurality of thiough holes are formed at portions of the cylinder which are corresponded to

the cavities, respectively;.
the cutting part comprises a supporting plate located at a rear side of the
20  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 plurality of through holes of the cylinder,

respectively; and

the driving means comprises an eccentric cam being able to rotate by a motor, a

25  crank connected to the eccentric cam and rotated in response to a rotation of the cam and a
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14. The device for producing a pellet-type foamof claim5 wherein the

di scharging part of the dies part is consisted of a hollow guide bar and a
cylinder |ocated on an outside of the guide bar, the gui deglgagChailba
plurality of cavities 15 formed on the outer circunference thereof in a

| ongi tudi nal direction of the guide bar so that the pol ypropyl ene nelts

di scharged fr h ez rdonhéd¥6 té theemadk fraconyerting agpHagi ty of
SR R R R

t hr ough i ofrmed at portions of the cylinder which are corresponded

to the cavitie respectively. . ' fHhéSesovemeupahei ng
pl at e I@é&%@ﬂ"t&?ﬂ& qrgﬁgngq agn%q,r n%oh)gﬁwggg‘r{éjl @%ﬁg?g%nr%ggpart and cutting

menbers fixed to the supportin | at e and _J ocat tisi de of
the cyl supderingedah to mmcmgm%@f@@é) megber, 15 P dy Wﬁé’feg?%?ﬁdr %%%Eg RS e
at positions where are corresponded to the pluralify of thr O%ﬂDh CE}oth%s of
the cyl jeBRbedcatedrabsipeitie ourel yircamfiranice Oﬁﬂ‘le\/@yﬁ@dﬁ%ﬁ?gr‘ﬁ%&{ﬂ%%r ¥cehtric
cam being able to rotate by a notor, a 25 crank connected to the eccentric

cam ?nddﬁﬁﬁg‘%ﬁg_ﬂé & tg&tstlﬁ@ %gﬁxptr@p)@erfedb&hb expaided tisougiezaidheough holesofdes 2005

power converting and transmtting nmeans connected to the crank for

converting .a .ratatj L oholbhI6F BE a0kingthemBed | near nmovenment and
transn‘i?yﬁ 8’?%&?3{ n 5?@%32%13%% t% t he suppgrti ng plate to which the

cutting nenber is fixed; whereby each cutting nmenber is reciprocated al ong
the outer circunference of the cylinder according to an operation of the 5

driving neans so that the | ypr lene f d aughygasi 4 hrough
hol e of the c¥bPindeie riéwe‘g?‘?%gm@ﬁéég %Peﬁg‘%ﬁﬁgg‘gh S%ag‘é of the cutting
menber. 15. The device for producing a pellet-type f f '

wher ei ndiametdt afredchrthofiglhels fpﬁﬁ%@hg’ﬁc%’gn@‘ﬁrlﬁréedg @Hmttﬁ%nacy af}?lg.’gédg}éhﬁ]%ss

t han that of each through hole 10 of the cutting rren&er, eachl tgﬁou g hol e
of {he efthe odeinginserhisesadaetl timough belatafahe pidindeni 19FateE RB AEPFRHBHAT

through hole of the cutting menber at an initial position. 16. The device
for a phedusifendel ebuilypsle bbdmeottingl membdidatwh driERhPQSHED-

16. The device for a producing pellet-type foam of claim 14 ,wherein the
cylinder has a plurality of grooves are formed an outer circumference thereof in a

15 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

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

each groove of the cylinder.

20
17. The device for producing a pellet-type foam of claim #4, wherein the dies
part further comprises a decompression means for preventing a rapid change of a
temperature and pressure to the expanded and extruded foams, the decompression means is
a casing which is able to isolate the discharging part and cutting part from an outside

h'as an entrance port through which an air is flow and an exit port

50

25  (atmospheric), the casing




cylinder has a plurality of grooves are forned an outer circunference
thereof in a 15 longitudinal direction, reciprocating rods whose ends are
fixed to the support plate are |ocated novably in the grooves,
respectively, and each cutting nenber is fixed to each reci r?cating rod
by fixing nmeans so that each cutting nenber is reciprocatéh‘%ﬁ afdut er
circunfer |:] each reciprocating rod which is
reciproca?@gﬁgfgﬁgﬂ%gg§ﬁbgg%%gégg¢gﬁﬁgl finder. 20 17 . The device for
producing a pellet-type foamof claim 14, wherein the dies part further
conpri ses a deconpression neans for preventing a rapid change of a
tenperature and_pressure to the expanded and extruded foans, the
deconpressi on nedns i she deviessiongradciag 4 pellabiypetfoam sbtlaim thehetebrhadm ng
part and cutting part froman outside 25 (atnospheric), the casing has an
entrance Pt tfurtherocaghprisies ch caoling Wevise flopWoality ahe @¥lihddONte 059111?%1 delile 2005
t hrough which an air is exhausted at both sides. 18. The device r

pr oduci ngcampédeb;et -t ype foam of claim 14 wherein the dies part further
conprises a cooling device for cooling the cylinder, the cooling device 5

conprises; a s [ i i : whi transtfer fluid oil is |,

tsEgBI : F'dn[;;r om ﬁ%%%@?%gi&q?ﬁgaggypﬁ %ﬁg%?‘?eﬂb‘@?fglﬁt %@QLE‘%%&S‘; én:oPﬁhiF; 01(‘j
e cyli ; : i-pes havi ng entrance ends connecte

to thg sunglﬁ%ﬂ%}P{gbkg’éﬁ%ﬁn@g %fﬁl@%yﬁnfiﬁrdgr along the entire length

of the cylinder,; 10 di schargin i pe being located at a front of the
cylinder and cd n@% lg’dofifgm@’%gtplpeéﬁﬁé’g%gfpenﬂ%cq? icRBngstesklo the supmyiag pipeg t he

heat tr a%ﬁﬁ %oufn{eLélu(lj tﬁ/\elh cly%gdgrxa(fct]nagnt%g %n&rqur?éth V(;Af !éhhe cyEmhger?g.lxllc; nder. 51

10 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.
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