1 DESCRI PTI ON GRANULATI NG DI E, GRANULATI ON DEVI CE, AND METHOD OF
‘MANUFACTURI NG EXPANDABLE THERMOPLASTI C RESI N GCRANULES 5 TECHNI CAL FI ELD The

. present invention relates to a granulating die and to a granul ati on device

for formng granules of a thernoplastic resin by the hot cut nethod; and,
in particular, relates to such a granllating die and to such a granul ation
devi ce which are capable of produci | es of a uniformgranule

di aneter at good efficiency whil eBE\S&QH?ﬁE‘%O nozzl e cl oggi ng. Moreover, the
present invention also relates to a nethod of nmanufacturing expandabl e

t her mopl ast i ¢ FRANUIGARANG Y E.SRANYRATHYN DY I(J.iAYDIMEEHS) on Japanese
Pat ent Application No.2003-67016, the content of which is hereby

i ncor por at e ANUEAGCTIR NG EXEAND A BEE BMINGAOINIA FRT RESINGERANEBNESON A
device for formng pellets of thernoplastic resin is well known fromthe
past, and, generally, such a device has an extruder, a die which is fitted
to the end of this ¢ extruder, and a cutter; a resin naterial which has been
nmelted and nulled is extruded e the extruder, and is out by
the cutter, thus manufacturing Eﬁﬁ@@ef’b‘?h 20 desired size. As nethods
for cutting the resin materjial which is extruded fromthe nozz|e of the die,
there are knowdhe REcsediiavention saksty aggnulpting die andito merandatiopisvicedory cut
nmethod is a nmethod in which the resin material which has been extruded from
t he nozzlfermihg piapults ef b shaxmodiastiersindyahohoterut tratiodaand,iis peiobilzd, and is cut
up after having thus been fornmed into the shape of strands. On the other
hand, t heelh®l tFdtich a granulating die and to such a granulation device which are capable of

e producing granules of a uniform granule diameter at good efficiency while avoiding
10  nozzle clogging. Moreover, the present invention also relates to a method of
manufacturing expandable thermopilastic resin granules using the die.
Priority is claimed on Japanese Patent Application No.2003-67016, the content

of which is hereby incorporated herein by reference.

15 BACKGROUND ART OF THE INVENTION
A device for forming pellets of thermoplastic resin is well known from the past,

and, generally, such a device has an extruder, a die which is fitted to the end of this
extruder, and a cutter; a resin material which has been melted and mulled is extrﬁded
from the die by the extruder, and is cut by the cutter, thus manufacturing peliets of the

20  desired size. As methods for cutting the resin material which is extruded from the
nozzle of the die, there are known the cold cut method and the hot cut method. The
cold cut method is a method in which the resin material which has been extruded from
the nozzle of the die is.conducted to a water tank and is cooled, and is cut up after
having thus been formed into the shape of strands.  On the other hand, the hot cut

25  method is a method in which the end face of a die in which a plurality of nozzles are



25 method is a nethod in which the end face of a die in which a plurality of
nozzles are 2 opened is contacted with a flow of water, and the high
tenperature resin is cut with the cutter directly after having been
extruded in the flow of water. In granul ation by the hot cut nethod, since
the resinis cut while in the state of 2 not yet having fuIIy hardened

accordin t.here is eri of t re which is .5 the d sadvantage
of “the caPtheds TR Ba TG PhUREE e GEh HREIOR 1590 FH i G Wat et hod.
there are the beneficial aspects that it is possible to obtain spherical

gr anul es cuttegsliresidy afier vy begn eyirglegria the Gow e wekeswi ng an exanpl e of a

granul ating die which is used in a prior art type hot cut nethod; FIG 4 is

a sectional vi gwehulation by tedidt ogt @ethod siddeche rebhh ibast Wisitninfthé stet dfo t he end
of an extruder not shown in the figures and of a portion of a chanber 12 (a

cutter chafffhlyin GE'fﬁllyg’helram?edsﬁ&btcﬁﬂ L i €Y% ﬁd‘ﬁd\»@&fn g%%eﬂ: REANGhichS | 1 ne 1-1

in FIG 4, and Fi an exp oded |ew of a tubula | ow condwt portion,

or anut ot 1 RGO eBla Tt Pk BB b HRO SR IR 1015 %t 1 waer

and a die body 5 mhlch |s fixed to the end of this die holder 1. The
i nt eri or Msthod; fese prdhabangéirial asnapis dhatiitsis pessile 1 optainsphgrical erandles, i s

connected to the end of the extruder, thus constituting a nelted resin flow
conduit 2nd Buon.hernore, the reference synbol 3 denotes a heater for the die
hol der portion, while 4 denotes bolts which attach the die nmain body S

Wthin the di eFi@snM oslyreFdR@rBonin & Quhihecofn phtiiladingd die WhidPistuseu! ar 1 ow
conduits 7 which, with connecting to the nelted reS| n flow conduit 2, also

ot Fa oty s AReL a3 M g gl ssTeigg L oo

a ci 16 e hgsegéerﬂ e'Eli 10 r‘Ehe en% of an extruder not shown in the figures and of a portion of a
chamber 12 (a cutter chamber), FIG, 5 is a sectional view thereof taken along the line I-I
in FIG. 4, and FIG. 6 is an exploded view of a tubular flow conduit portion, showing the
arrangement of the tubular flow conduit.

This die A for granulation has a die holder 1 which is fixed to the tip of the

15 extruder, and a die body 5 which is fixed to the end of this die holder 1. The interior of
this die holder 1, which is formed in a tubular shape, is connected to the end of the
extruder, thus constituting a melted resin flow conduit 2.  Furthermore, the reference
symbol 3 denotes a heater for the die holder portion, while 4 denotes boits which attach
the die main body 5. Within the die main body 5 there are provided a plurality of

20  tubular flow conduits 7 which, with connecting to the melted resin flow conduit 2, also
connect to a plurality of nozzles 8 which open to a resin discharge surface 5a formed of
the die main body 5, with the nozzles 8 being provided around a circle defined upon the
resin discharge surface 5a. A plurality of rod shaped heaters 6 are inserted into the die

main body 5. With this granulating die A, resin passes from the end of the extruder

25  along the melted resin flow conduit 2 and the tubular flow conduits 7, and is extruded



. resin discharge surface 5a. A plurality of rod shaped heaters 6 are inserted
into the die main body 5. Wth this granulating die A resin passes from
‘~the end of the extruder 25 along the nelted resin flow conduit 2 and the
tubular flow conduits 7, and is extruded 3 fromthe plurality of nozzles 8
whi ch are provided upon the resin discharge surface 5a. Wth this prior art
type granﬁl ating die A_. as . shown in FIG 6, the nozzles 8 and the _tubular
f1 ow condifpigthe Phyralityof pperdes Siwvhich st Provided wara thereyig dissharge perfacedii ch i s
defined wupon the resin discharge surface 5a. 5 The chanber 12 which is
comuni caWth this nrive artggpagdinglotiog die 2s as tlaoen 5aFl6t 61 the sozajesshandathieng die A
houses a cutter which has a cutter rotation shaft 9, a cutter blade support

menber 10tubang flawdondeit Parepblidedatlehual imelveﬂ_§a1|aﬁ%ﬂiedﬂélwmh & fRedss water
inlet 13 and a process water outlet 14. In this chanber 12, while the cutter

is being H%&{@l 'r%?x?hfs%lbﬂ%‘#{ﬁfhc@‘sﬁh' n the flow of water, the resin which has
rom

been di scharge e resin discharge surface 5a is cut imediately in
the flow of wat and t r.anul es  whi have bee bt ai n e rried
out with the oulPs BRTGIer 2R hicGTamRHED CECEs QsePaieesHtre Se10f Fifom ¢ he
chanber 12. However, since in this hot cut nethod the resin discharge
surface ograpnlating die A hpyses c griuger which lhas & euttqrgojaben slealie?, a aysler blade t aken out

fromthe resin discharge surface into the 15 flow of water, so that it may

happen t haippoftanérab@eitatn & bhtle tdreuttitigelli,@nhd ¢ plokledivéth @protesastatdrocal | y,
may drop below the nelting point of the resin. As a result, there is a

danger t hflett1R8MAQ B8cdsE wabt® oRA&ZI4eS 1B Ehethed B2, WHild haleuktétas BERGUCt i Vity
of the device is seriously deteriorated. Moreover, even if such Cl oggi ng

nboz1 os. nfynmebicdriTRY rBhEs SRS el AT e Sl QRSB Tel's o7
gran ull()e S Blre%gsulg %950 arée Bl?r a?crer:e’j aiig El?tglgllll'?él;iiatﬁ?l?f (;[In ’ich% ﬁ(m (S)f water, and the granules
which have been obtained are carrted out with the outflow of water through the process
water outlet 14 from the chamber 12.
However, since in this hot cut method the resin discharge surface of the die is in
contact with the flow of water, heat is taken out from the resin discharge surface into the
15  flow of water, so that it may happen that the temperature of the interior of the die, at

least locally, may drop below the melting point of the resin.  As a result, there is a

danger that the holes in the nozzles may clog up, so that the productivity of the device is

P

seriously deteriorated. Moreover, even if such clogging does not occur, it may also
happen that the diameters of one or more of the nozzles may become narrowed down, so
20 that the diameter of the pellets or granules produced may become irregular, and in this
case the quality of the product granules is seriously negatively affected. Even further,
if a large amount of clogging takes place, along with it becoming impossible to extrude
the resin from the die, the pressure upstream of the die may become abnormally high,
and this may exert a negative influence upon an upstream device, such as for example an

25  extruder or the like.



case the quality of the product granules is seriously negatively affected.
Even further, if a large anpunt of clogging takes place, along with it

. becomi ng inpossible to extrude the resin fromthe die, the pressure

upstream of the die nay becone abnormally high, and this may exert a
negative influence upon an upstream de¢ice, such as for exanple an 25

extruder or the like. 4 1In relatjon to a granulatjn ie for use in

granul ation by?¥FFéatHHtt°@lﬂr%q{{§(fll?£F€FéeHh§raﬂ F’“é?lb#%&@ é%‘l"f”&?tg sed a
granul ating die which has a rod shaped heater in_ the center of each of a
pl ur al i t yhase by keaetobmel beansprapesei  grimalating daewhichgiag rapd siaped hesershes  whi ch

is provided corresponding to each of these flow conduits so as to heat up

the 5 noikd emtdtnif bashndf) flinality off flex asmiuéts vdiiathesie dirbxplotatieroPad2ls
Application, First Publication No.HO7-178726) as a technique for preventing

cl oggi ng wafich R&reAdd &?res%frﬁalﬁeé:gréieﬁ Bf thesefi AR UbAGiRG 4k & hag ug fRN proposed

(in, for exanple, Japanes m ned Patent Application, First Publication
No. H11-58374) 1. ich,.in order.to vent. d in f the tenmperature in
the | it emogAcmp i A of Bxsfhg S debihesb LR R PRRH Sndioptint FiShe “hozs! os
of the granulating die open is covered over with a porous netallic materi al
whi ch haduklirasignt Hﬂaﬂ?g?ﬁﬁ)@éﬂitwmmueFf@fvm‘éqﬂxtmé@b}ggmg qfite neygles- descri bed
prior art techniques are utilized in order to prevent clogging of the

nozzl es of t he Fyrtheloat,iangradlilating die hbebeehipropdsed {ihefor exdmplpy Japantsse ng nozzl e
cl oggi ng has been insufficient. In particular, when pelletizing the 15

ex paﬂdab|[ﬁ1e$c&§ziﬂ%d€l*a%ﬂhﬁ§licfa@i6nﬁﬁ$ﬂP@Bl‘iéh!tibﬁ_%lo@HlQaS@M]%Gﬂﬁ@E, iRYrREE Ny a
bl owi ng agent to the thernoplastic resin in the hot cut method, since the

X R TR ot M g WA SRR |
then lbt iw%hi&*? & hogzlds 3fo the %anhﬂt%nfg LY oel:)re%tiéJ égveggd gvré(l? with a porous metallic
material which has a low thermal conductivity.
However, even if the above described prior art techniques are utilized in order
1o prevent clogging of the nozzles of the granulating die, the beneficial effect of
preventing nozzle clogging has been insufficient. In particular, when pelletizing the
15  expandable resin granules for manufacturing a foamed product by adding a blowing
agent to the thermoplastic resin in the hot cut method, since the extruded resin should be
formed inthe water of which the temperature for manufacturing usual non-expandable
resin granules (normally 60°C to 80°C), then it is necessary to set the temperature of the
process water to a lower temperature than the normally temperature, so that as a result
20  clogging of the nozzles may occur particularly easily, and accordingly problems arise in
that the productivity is low, and thg diameter of the granules which are produced
becomes unstable.
As aresult of assiduous investigations with regard to the problem of nozzle

clogging with a granulating die to be used in the hot cut method, the present inventors

25  have realized that there is a relationship between those of the nozzles which may easily



. process water to a |l ower tenperature than the normally tenperature, so that
as a result 20 clogging of the nozzles may occur particularly easily, and
.accordingly problens arise in that the productivity is |low, and the

di aneter of the granules which are produced becomes unstable. As a result
of assi duous |nvest|gat|ons with regard to the problemof nozzle clogging

wth a granul at use n.the t cut t t he ese

i nvent or ¢ %@eﬁk{%‘? fhf&?re o dgth%ﬂgw@}ge}vaﬁe&taggﬁgﬁ?eﬁm%ﬂkgé 1'HS"se of
the nozzles which may easily 5 becone clogged and the direction of the flow
of the wde&¥cverhejoegipg ﬁ’é?h*?moéﬂ?%a‘t is effactbieda replerisiptheeniteneraygihinl iof t he
nozzles, it is effective to replenlsh the heat energy which is |ost by

cont act vibsttbytdoatashtvith thyywhteoby figwingvebdating nnseldlim withiin thenli¢ hairdbeglynai n body;
and, based thereupon, the present inventors have conceived the present

i nvent i 0NandPbased $herdpRnPhe pRRENt iRV BRvdeshcbiRed iR phRhafSenddn, t he i ght of
the above descri bed problens, and it takes as its objective to provide a

granulating di onfar ek ieclion GitonTEL Bgh bl oy EAAR. Gpe frcoduc 19

granules of uni ood icrenc e preventing clogging

of the nozzl es 0 DI SGL,OSURE CF | NVENTI ON The gra Iatl ccordi ng
to the prf@éemedmé‘ﬁmﬁdwgﬁaekaﬁ 35dLs QPIGRTE ta PN Ided grany alaingdi tf"litg E%v. ded in
contact with a flow of water, and nozzles which are comunicated with a

cyl i nder @ mpthasly whichas capadlodfi eadwpenhziaoulehof wakirm dametenaiggoodsur f ace, and
wherein none of the nozzles is provided in the resin discharge surface at 15

| east onecfitichot Whilt pEvpeiigtdlonsng af thesibkilesd) which is towards directions of
inflow and outflow of water, and positions which are towards directions
oEt hogonal to the direction

10 | DISCLOSURE OF INVENTION
The granulating die according to the present invention has a resin discharge
surface which is provided in contact with a flow of water, and nozzles which are
communicated with a cylinder of an extruder and which open to the resin discharge
surface, and wherein none of the nozzles is provided in the resin discharge surface at
15  least one of following positions, a position which is towards directions of inflow and
outflow of water, and positions which are towards directions orthogonal to the direction
of the inflow and outflow of the flow of water.
Accercling to this granulating die, since there are no nozzles provided in at least
one of the following positions on the resin discharge surface at which it is easy for
20 clogging of nozzles to occur: towards the direction of inflow and outflow of the flow of
water, and towards the direction of orthogonal to the direction of inflow and outflow of
the flow of water, it is made difficult for clogging of the nozzles to occur.  Accordingly,
with this granulating die, deterioration of the production efficiency due to nozzle
clogging is ameliorated, and it becomes possible to manufacture granules of a uniform

25  diameter and of a high quality.



. of the inflow and outflow of the flow of water. C According to this

granul ating die, since there are no nozzles provided in at |east one of the
- follow ng positions on the resin discharge surface at which it is easy for
20 cl oggi ng of nozzles to occur: towards the direction of inflow and outflow
of the flow of water, and towards the direction of orthogonal to the

of the 1 ow o | | 't hog he
For ol 0ggi ng of - 1h s sl Bhindd sbAEa choli e Boicible deindEiii e 1y |

die, deterioration of the production efficiency due to nozzle clogging is
anel i or at'&H" AP SPEdYires possible to manufacture granules of a uniform
25 dianeter and of a high quality. 6 The nozzles may be arranged along a
ci rcunference dinthe gianplatingdie, rasth igisgondibts which pominggisatedetveeanithee. I n the
granulating die, resin flow conduits which conmuni cate between the cylinder

and the nedinkesardaie hezAey mmrgbé formad imteintaior@f thddiedind,a I@atin@meérin ng
medium 5 flow conduit may be provided for heating a resin within the resin

flow %ongﬂw%o%m fna'g Be pfAided F R&Rin faereﬁﬁ%{hmmeéiﬁ oy Wdﬁl%d%yrmhi chis

connected to the noz heat s p the resin wthin the resin flow
conduits, it bec 0ssi bl.e fyurther, to.enhance th neficial effect of
or event | oFBr e GBG BB e soudut i i RSPttt Baietes S0 B at i ng
die, it is B‘gssi,bl e to _prevent clogging of the nozzles and to manufacture 10
granul es 1 thgapss mithan deaedn flaw qengrtssiirheepaptpossbieiirthar fopahancedhe s
manuf acture of expandable resin granules for which the tenperature of the
wat er nushensfcisbeffaaof pevbatidnof diegging'ef thehetzlemd Axcontinglptwitf thishe heati ng
medi um fl ow conduit nay both be
e granulating die, it is possible to prevent clogging of the nozzles and to manufacture
10  granules of uniform diameter at high efficiency, even in the case of manufacture of
expandable resin granules for which the temperature of the water must be set particularly
~ low.
An inlet and an outlet of the heating medium flow conduit may both be
provided at a vicinity of positions of the resin discharge surface in which none of the
15 nozzles is provided.
The granulating die may have a structure in which none of nozzles is provided
both at positions towards the direction of inflow and outflow of the flow of water and
towards the direction of orthogonal to the direction of inflow and outflow of the flow of
water. That is, the nozzles are neither provided at the position along the direction of
20  inflow and outflow of the flow of water and the positions towards the direction of
orthogonal to the direction of inflow and outflow of the flow of water. At the position
along the direction of inflow and outflow of the flow of water, the nozzle clogging may
most easily occur, and the position towards the direction of orthogonal to the direction of

inflow and outflow of the flow of water is the next. Accordingly, it becomes possible

25  to obtain the beneficial effect of prevention of clogging of the nozzles to a yet greater



provided at a vicinity of positions of the resin discharge surface in which
none of the 15 nozzles is provided. The granulating die nay have a

. structure in which none of nozzles is provided both at positions towards

the direction of inflow and outflow of the flow of water and towards the
direction of orthogonal to the directi dn of inflow and outflow of the flow
of water, That is, the nozzles are neither provided at the position al ong
t he di recdtegr(?ﬁ' of 20 inflow and outflow of the flow of water and the
positions towards the direction of orthogonal to the direction of inflow
and out f1 ow of A g@nvlaton devigmecsprding o the PIEsEILiRHtion hayge graulatingdi¢on of

i nflow and outfl ow of the flow of water, the nozzle clogging may nost

easi | y oaouextruderdo threensosi whicn thegramdigingitbe diattachddpandé clmmirogdidl to t he
direction of inflow and outflow of the flow of water is the next.

Accor di Ndoyisesid cudef FHRH dRSHicbingytath IsQlighhmed flonetlRenelitsofte ef f ect of
prevention of clogging of the nozzles to a yet greater 7 degree. A

granukati i.C i.ng; t b i anul ati ng
eSS e G R Be LM BTN of MMELLA AR MSHROTCS A a
chanber v£i %h hoyses cutter whi.ch cuts a resin which is discharged from
t he nozzl Biec SHigacy ({;fra%alra&tl B2 di%e and wherein in the chamber a flow of
wat er contacts with the resin dischar ge surface of the granul ating die.
Wth this grandVihilosguavlagen dewes. mesin Bewoconduits shigh commuoreaterietdean bet ween
the cylinder and the nozzles may be formed in an interior of the granul ating
di e, and the cylarier agl thie diowrted maywbe dorehiedtin amntédorpfohd graculbidng diepdddyy a resin
within the resin flow 10 conduits. And, with this granulation device, the
'(”" et andehiigs Mgt 1% dbifuil8AY bBPrdBEHUBE heating a resin within the resin flow
10 conduits.
And, with this granulation device, the inlet and the outlet of the heating medium
flow conduit may be provided in the vicinity of positions of the resin discharge surface
in which none of the nozzles is provided.
A method of manufacturing expandable thermoplastic resin granules according
15  to the present invention has : supplying a thermoplastic resin to an extruder to which is
attached a granulating die, and melting and mulling the resin; adding a blowing agent
into the thermoplastic resin while moving the thermoplastic resin towards the
granulating die so as to produce the blowing agent containing resin; and cutting the
blowing agent containing resin which is discharged from the nozzles of the granulating
20 die within a flow of water with a cutter.
According to this method, it becomes difficult for the nozzles to become
clogged, since there are no nozzles provided in at least one of the following positions on
the resin discharge surface at which it is easy for clogging of nozzles to occur: towards

the direction of inflow and outflow of the flow of water, and towards the direction of

25  orthogonal to the direction of inflow and outflow of the flow of water. Accordingly,



. flow conduit may be provided in the vicinity of positions of the resin

di scharge surface in which none of the nozzles is provided. A nethod of

. manuf acturing expandabl e thernopl astic resin granules according 15 to the
present invention has : supplying a thernoplastic resin to an extruder to
which is attached a granul ating die, ahd melting and nmulling the resin;
adding a Qlow ng agent into the ther | astic resin Ll.e novi t he

ther map! adriprondes AF B mssdieten efisielin Pbhe 1o wine B Ge PrLEF BRE R Re bl owi ng
agent containing resin; and cutting the blow ng agent containing resin

whi ch i s Bredhelpgaing isanslionichand iidgcames pessilatunamilfaguremanles odia hin a
flow of water with a cutter. According to this nethod, it becones difficult
for the nbkmirgagemt bextaiming resiogathch ursfonmelisheteeamd ef mbighqealitgs provi ded in
at | east one of the following positions on the resin discharge surface at

which it is easwiftomhischQBSd, AbrRf witPZaindfov SoRtfifitd hihidloWh GnichtB DeflideRCt | On Of
inflow and outflow of the flow of water, and towards the direction of 25

or t hogenal,. t Q.. L Lect | I nfl . . of water.
Accor di ngh%?, &g}l H%e Eeﬁﬂ? eolrrlg’azg P“'S’n %‘#é]{oﬁ‘glg\%rﬁ% Sc#%ér)llp%ﬁtg% %‘fagﬁlé‘%h%wef %_e bl owi ng
agent containing resin due .to . nozzJe cloggjng js aneljorated, and it
becomes pi g e e ea%q‘ﬁ?demgtﬁ%hfeaﬂ@g ngdig %W%taaémod%hmﬂm ng
resin with a uniformdianmeter and of a high quality. Wth this nethod, along
wi t h resi resid withindheltssinsflov cetdudtsnmuni cat e between 5 the cylinder and the
nozzles, being formed in the interior of the granulating die, a heating

medi um may be f Foiamiore, With thiahéthed, iiedinlsnahd dw @nletlof the heating rhalitb@at up t he
resin within the resin flow conduits. Furthernore, with this nethod, the

il et and f,heoaubit ﬁfagr% ﬁ&kﬁd&ﬁﬁ%ﬁ@%ﬁﬁf}'&#@ﬁ%ﬁ%%@%ﬁ did@arQEsupfay fled 1N

the vicinity of posifions of the resin harge surface in
10 which none of the nozzles is provided.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a sectional view showing an embodiment of the granulating die
according to the pfesent invention.
15 FIG. 2 is a sectional view taken along the Ii-II line in FIG. 1, and FIG. 3 is an
exploded view showing a tubular flow conduit portion of the granulating die.
FIG. 4 is a sectional view showing an embodiment of the granulating die
according to the present invention.
FIG. 5 is a sectional perspective view of this granulating die taken in a plane
20  shown by the arrows I-1 in FIG. 4, and FIG. 6 is an exploded view of a tubular flow

conduit portion of the granulating die.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will now be described with reference to the drawings.

25 FIGS. 1 to 3 are figures showing a granulating die according to the present



- 10 which none of the nozzles is provided. BRI EF DESCRI PTI ON OF DRAW NGS FI G
1 is a sectional view showi ng an enbodi nent of the granulating die
~according to the present invention. 15 FIG 2 is a sectional view taken al ong
the I'l-11 linein FIG1, and FIG 3 is an exploded view show ng a tubul ar
flow conduit portion of the granul ati ng9di e. FIG4 is a sectional view

how nbodi t t he. | ati di i to t.h t
hvent | o ENESTS 5 B BPE SIEp TBBEAT HrdTere B TP S R HAG A c o
taken in a plane 20 shown by the arrows I-1 in FIG 4, and FIG 6 is an

expl oded bY & hett cut methad Spr mpmgifactersrid granulrs (pelists) by axhudige Mhaimaplasec di e.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention wll now be
descr i bedrasint Whichthes beemanélted dnd mnldad ings extr@derFrd@5a nbziloimdo swmater,f wigils es
'showi ng a granul ating die according to the present 9 invention. A

granul at i ggwHaRedhsBCaMisl M8 rtdn.t NRIP1 €52 MctioRMBREW QftHeSrati@sdingigBanul ation
by the hot cut nethod for manufacture of granules (pellets) by extruding

ther mop! aghig, 1 LERIHIAWPLEN AT ReeR A LLEd nc Tl Ledtel R e EShiEE T Om @

nozzl i nt'o Wwater, srmulftaneously cutting 1 résin
- ext 1 adERaTbA 2B ARHHLPRLED] B 645 o Sion Hopeen dBtratneiidhr 12 (a
cutter chanber); FIG 2 is a sectional viewtaken along the line Il-11 in
FIG 1; an8IEliGaad F¥G.3nis er gkpleded viemvolaftubblagBow sonduitperiemshowingshe i on,
showi ng the arrangenent of certain tubular flow conduits. This granul ating
di e B has agalieenddobfi@itain wibukip floss dondeits.t 0 t he end of the
( This granulating die B has a die holder 1 which is fixed to the end of the
| 10 extruder (not shown), and a die main body 5 which is fixed to the end of this die holder 1.
The interior of the die holder 1 formed in a tubular shape is a melted resin flow conduit 2
communicated to the end of the extruder. The reference symbol 3 denotes a die holder
portion heater, while 4 denotes bolts for fitting the die main body 5. A plurality of rod
shaped heaters 6 are inserted into the die main body 5. In this granulating die B, resin
15  is discharged from the end of the extruder through the melted resin flow conduit 2 and
tubular flow conduits 7, and is then extruded from a plurality of nozzles 8 which are
provided upon a resin discharge surface 5a. In the example shown in the figures, a
nozzle 8 is a single aperture formed with each of the tubular flow conduits 7; but the
configuration of the apertures of the nozzle 8 may be formed with a plurality of holes
20 like a cross sectional shape of rhizome.
In the chamber 12 which is provided so as to connect the resin discharge surface
5a of this granulating die B, a cutter which has a cutter rotation shaft 9, a cuiter blade
support member 10, and cutting blades 11 is housed, and a process water inlet 13 and a

process water outlet 14 is provided. In this chamber 12, the cutter is rotationally driven

25  within the flow of process water and cuts the resin which is discharged from the resin



.10 extruder (not shown), and a die main body 5 which is fixed to the end of
this die holder 1. The interior of the die holder 1 fornmed in a tubular
.shape is a nelted resin flow conduit 2 comunicated to the end of the
extruder. The reference synbol 3 denot eﬁoa di e holder portion heater, while
4 denotes bolts for fitting the die main’ body 5. A plurality of rod shaped

heaters 6 i i 3 i “m?ii i : | ie B,
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5a. In the example shown in the fiqures, a nozzle 8 is a_single aperture
formed with eachVihingthediegpain fpdy rwﬁdnmléed@pbmhtfﬁétub@kﬁﬁ%iogmati on of
the apertures of the nozzle 8 may be formed with a plurality of holes 20

i ke a cr apadwect whith] bahgpenmetted v themeeltelinredih dloshamideit 2 1Asebérotecied tor ovi ded
so as to connect the resin discharge surface 5a of this granulating die B,
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10, and cutting 'blades 11 is housed, and a process water inlet 13 an
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rotation y driven wthin ow of process water and cuts the resin
which is djschargeqd fromthe resin 10 . discharge surface 5 a ditrectly in the
Fllow of wdPeresinisahaige FHace % Pl Bae/gfinoRst § OB BbMIas Sa™ coPdUinr 19 ed out
along with the flow of through the process water outlet 14, Wthin the die
mai n body Bovited at the poyitions Riwlich tewands Hietdiregtion gbiniflew dridowtllewnd tietftow

whi ch, being connected to the nelted resin flow conduit 2, also connected to

5 a pl ur aldftwataf ambatzheposdtiodiRC whivhewe dthddeaal tesharegicndharge murkagarda of
the die main body 5, and these tubular flow conduits 7 are arranged around a
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nozzles 8 or tubular flow conduits 7 i

with reference to the example shown in FIG. 2, the resin discharge surface 5a of this die
main body 5 is shaped like a circular ring, and the nozzles 8 are provided in the regions
Q except in the regions P and Q which are located vertically and horizontally around the
center of this ring shape as seen in the figure, along a virtual circular path which is

15  concentric with the resin discharge surface 5a but whose diameter is smaller than the
outer diameter of the resin discharge surface Sa.

The lower portion in the figure of the resin discharge surface 5a is corresponds
the direction of the process water inlet 13, while the upper portion of the resin discharge
surface 5a is corresponds the direction of the process water outlet 14; and, furthermore,

20  the portions of the resin discharge surface 5a to the left and the right in FIG. 2 are
corresponds the directions which are orthogonal to the directions of the process water
inlet 13 and the process water outlet 14.

Specifically, in this embodiment, none of nozzles 8 is formed at the regions P

which, referred to the center of the resin discharge surface Sa, are defined by center

25 angles of from 10° to 50° around the process water inlet 13 and the process water outlet



. provided at the positions P which towards the direction of inflow and
outflow of the flow of water, and at the positions R which are orthogonal

" to the region P. The nozzles 8 are 10 only provided in the regions Q other

than at these positions P and R To explain this wth reference to the
exanple shown in FIG 2, the resin disc érge surface 5a of this die main

body 5 is, shaped |ike chkgul ar, ki a t he | e a rovided in the
regi ons Sl@@&ﬁ’e TF810% Wthéc %ﬁge%’egﬁo&’ (ESrll\gﬁrl{iagﬁlegrgéﬂprgzlé)tg é%g(\ioe ?lecdatgf’y and
hori zontal ly arqund the center of t,hi1§r ring shape as seen_in_the figure,

al ong a vegiogarhieh isasibgeond toy hgiliertionsirem tag prosays waterdntef 13 fthegupgsss

di scharge surface 5 a but whose dianeter is smaller than the outer dianeter
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resin discharge surface 5a is corresponds the direction of the process
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is corresponds the direction of the process water outlet 14; and,
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to the directions, of the process ter inlet 13 and the process water

out | et 14]?61%%?4%%"1113’){&&?56{1??@%6%0& ment, none of nozzles 8 is forned at
the regions P which, referred to the center of the resin discharge surface

5a, are defi nedfHieseesnterranzhsaryessthan 19% thentbere iva Sapthat elgeging wéthsr ocess

water inlet 13 and the process water outlet 11 14, or in the regions R
whi ch ar encleles nexy dayily esuuerwiaieg be sheodthérrleamd 11 these béhtaramigied atdgreateethaon whi ch
is orthogonal to the direction fromthe process water inlet 13 to the

process gt @en tekd Bla fb4s thaQht RafiodsTer RRMALSS oBthdmezAB Maf BE FREidY, tkhe
regions Q upon the resin discharge surface 5a which are outside the regions
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desirably in a range of 10° to 30°, and even more desirably in a range of 15° to 25°.

With regard to these regions upon the resin discharge surface 5a in which none
of nozzles 8 is provided, in the regions P, which adjoin the process water inlet 13 and the
process water outlet 14, it would be particularly easy for clogging of the nozzles to occur.

15  If any were provided there; so that, by employing this structure in which none of such
nozzles § or tubular flow conduits 7 is provided in these two regions P, the beneficial
effect is obtained that, to this extent, clogging of the nozzles is prevented.

Moreover, in this embodiment, a structure is employed in which, furthermore,
none of nozzles 8 and tubular flow conduits 7 is provided in the two regions R which lie

20  in the regions upon the resin discharge surface 5a orthogonal to the directions of the flow
of the process water. It has been determined that the horizontally regions upon the
resin discharge surface 5a are easy to occur clogging of the nozzles next the vertically
regions upon the resin discharge surface 5a, which is the region along the process water
inlet 13 and the process water outlet 14.  Accordingly, by not providing any nozzles 8

25  and tubular flow conduits 7 moreover in these regions R towards the left and right sides



- being spaced apart by a fixed interval. If these center angles are | ess than
10, then there is a fear that clogging of the nozzles may easily occur;
~while, on the other hand, if these center angles are greater than 50, then
there is a fear that the regions for faormation of the nozzles may be
restricted, so 10 that the productivitﬂzis deteriorated. The center angles
of the regions P R _are.nor. desi .0.a.ran of ..10 130, and even
nore desi &a F§esln?_|81§9t} %egseur%afce fg tP%B%%%P%{%& rlsg%lgfglgg(ﬁ)hag Héss%&sglgg? ons upon
the resin_discharge syrface 5a in which none of nozzles 8 is provided, in
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this extent, clogging of the nozzles is prevented. Mreover, in this
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obtained that it is possible further satisfactorily to prevent clogging
of thegyno E i s : . e um f | ow
Of 1 Ny NOZ A iSthe A LR B w doabilSorePAHRHR lornir G HRCARAY.

Furthermore, the flow rate of this heating medium may be of an order which is capable
of replenishing the heat energy which is lost due to the contact between the resin
discharge surface 5a and the flow of water. It is preferable that the temperature and the
flow rate of the heating medium being set so as to be increased or decreased according to
15  the state of clogging of the nozzles 8. Moreover, it is preferable that the heating
medium be supplied and circulated to the heating medium flow conduit 17 by a heating

medium supply means not shown in the figures, and be heated up to a predetermined

- g

temperature before being supplied to the heating medium flow conduit 17.
Furthermore, in this embodiment, heating medium inlets 15a and heating
20  medium outlets 16a are provided in the vicinity of the regions P of the resin discharge
surface 5a in which none of nozzles 8 is provided. In the example shown in FIG. 2, the
heating medium inlets {5a which lead to the heating medium flow conduit 17 provided
within the die main body 5 are provided in the regions P at the upper side and at the
lower side of the resin discharge surface 5a, while the heating medium outlets 16a which

25  also lead to the heating medium flow conduit 17 are provided in the regions R at the left



the resin in the tubular conduit 7 which is connected to the nozzle 8 is
provided in the 5 interior of the die main body 5. The suitable heating
~“medium for flowng in this heating nmediumflow conduit 17 is sel ected
appropriately according to the heating tenperature for exanple, if a

heati ng medi um at about 200C is requi red3 synt hetic oiI or the |li ke may be
appropri at u ature.,of this heatin C set to
The T enper SE%paT 8itor G i Pibe FELT SOt DB oo, bY PTG W T esi n
tenperature 10 within the nelted resjin flow conduit 2; or set different
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be heat ed uptoap term ned ture before being supplied to the
heating netfRRs t\“’@\)é ﬁﬁmqupﬂ ‘F[ﬁs ?qiil%’igés"? facs s enbodi nent , heat i ng

medi uminlets 15a and heating 20 nmediumoutlets 16a are provi ded in the
vicinity of the Thigigomslatingfdie Beas shohvm inFsGhaighttediorthaerd ofahe axtidech none
of nozzles 8 is provided. In the exanple showmn in FIG 2, the heating nmedium

inl ets l5aviatthebicllwadbrtto Resinhadth hay been imebed hmdmmudnﬁmirﬂtﬁepxmdaied wi thin
the die main body 5 are provided in the regions P at the upper side and at
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utlets 16a which 25 al so Iead to the heating nmediumflow conduit 17 are

PO 1. B8 AP ubfd bty iy il Bl o o e
nozzles 8 which open in the resin discharge surface 5a. The resin which is flowing
within the die main body 5 is heated up by the die holder portion heater 3 and the rod
shaped heaters 6, and thus is maintained in the molten state. ~And the resin which is
discharged from the nozzles 8 comes into contact with the process water which is

15  flowing within the chamber 12, and is cut within this process water flow by the cutting
blades 11 of the cutter. The granules which have thus been cut assume a roughly
spherical form, and are transported along with the process water out of the chamber 12
while being cooled, and subsequently is dehydrated and dried, thus becoming finished
resin granules. The process water which has thus been separated from the granules is

20  recirculated and is supplied back into the chamber 12.

In this granulation process by the hot cut method, the resin discharge surface 5a
of the granulating die B may easily lose a lot of heat, because it comes into contact with
the process water. In particular, the portions of the resin discharge surface 5a which are

close to the process water inlet 13 and to the process water outlet 14 may easily suffer

25  local temperature dropping. However since, with this granulating die B, none of the



.type of structure, the heating nmedi umwhich has been heated up to a
predeterm ned tenperature is supplied to the upper portion and to the | ower
.portion of the resin discharge surface 5a, which are portions which
particularly lose a | ot of heat due to Lﬁge 5 flow of process water,
accordingly it is possible to enhance t uniformty of the tenperature

di stributi ] : i i r : I 1 die B, as
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wat er whi ch has thus been separated fromthe granules is 20 recircul ated and
is supplied bacWw&hpmmmélmnawmthlﬂg:anulnumﬂ@gl@raéﬁwoarpioéﬂwgm@bg8 ipy the hot
cut nmethod, the resin discharge surface 5a of the granulating die B may
easi |y | oggoaidedtip@i thheain dseleagsairface 6o iretheiredioncdat@he didettion tvhizhpr ocess
ter. In particular, the portions of the resin discharge surface 5a which
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may easily suffer 25 |ocal tenperature dropping. wever since, wth this

granul at | nr%xg {oethg regqgﬁl%eg; the rfa(leoces‘s water inlet 13 and the process water outlet 14, are

the regions in which clogging may most easily occur, accordingly the beneficial effect of
prevention of clogging of the nozzles is even more excellent.
Furthermore, with this granulation die B, by providing the interior of the die
15 main body 5 the heating medium flow conduit 17 which heats up the resin in the resin
flow conduits connecting to the nozzles 8, it is possible to further enhance the beneficial
effect of preventing clogging of the nozzles 8. Accordingly, even during the
manufacture of expandable resin granules for which it is necessary to set the temperature
of the process water particularly low, it is possible to prevent clogging of the nozzles,
20  and to produce granules of a uniform diameter at good efficiency.
It is possible to apply this granulating die B to various sorts of per se well
known prior art granulation devices, typically having an extruder to the end of which a
gramulating die is fitted, and a chamber which, along with housing a cutter which cuts
the resin which is discharged from the nozzles of the granulating die, also brings a flow

25  of water into contact with the resin discharge surface of the granulating die.  Yet further,



.14 nozzles 8 is provided upon the resin discharge surface 5a in these
regions which are close to the process water inlet 13 and to.the process
“water outlet 14 at which local dropping of the tenperature may easily
occur, accordingly it is possible to prgﬁent cl oggi ng of the nozzles 8

whi ch are provided upon the other portions of the resin 5 discharge surface
Sa, and the fibn HSviBORAIRIHs 1R AL HcAbE] BahRlatiRg Ael Ry Bf plobRied
production é%??%#g%gy1du§ﬁ¥%igfog§?ﬁg, gﬁg ?tgﬁg Sggéﬁﬁléﬁio %%nufacture
granul es . uni far ranul e di apet er and mor.eover, of high .quality.
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cl ogging may nost easily occur, accordingly the beneficial effect of
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with this granulation die B, by providing the interior of the die 15 nmain
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which it is necessary to set the tenperature of the process water

parti cul ar¥sedlipihe hiot chtsmetbedi bl e to prevent clogging of the nozzles, 20 and
to produce granules of a uniformdianeter at good efficiency. It is possible
to-apply this gramgypt ofitheetheplbstioresiavilitisisso bt asal witk thegeessnt inverlkivavin pri or
ar@ granul ati on devices, typically having an extruder to the end of which a
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whi ch cuts

type resin, polyethylene type resin, polypropylene type resin, polyester type resin, vinyl

chloride type resin, ABS resin, AS resin or the like may be used, either individually or
two or more in combination. Furthermore, it is possible to utilize recycled
thermoplastic resin which has been obtained by recycling after having been used once in
15  resin products. In particular, a polystyrene type resin, such as polystyrene (GPPS),
high-impact polystyrene (HIPS), or the like, is appropriate for use in this context.

‘When expandable thermoplastic resin granules are to be manufactured using the
granulation device, the thermoplastic resin is supplied to the extruder to the end of which
is fixed the granulating die B, and this thermoplastic resin is melted and mulled. Next,

20  ablowing agent is added into this thermoplastic resin while moving the thermoplastic
resin towards the granulating die B, so as to process a blowing agent containing resin.
Furthermore, while discharging this blowing agent containing resin from the nozzles 8
of the granulating die B, the resin is cut directly within the flow of water with the cuiting
blade 11 of the cutter. The chamber 12 is arranged so as to surround the resin discharge

25  surface 5a of the granulating die B, and the cutter is disposed within this chamber 12,



the resin which is discharged fromthe nozzles of the granulating die, also
‘brings a flow 25 of water into contact wwth the resin discharge surface of
the granulating die. Yet further, 15 a granulation device which has the
above described granul ating die may be prgovided. It is desirable that the
extruder which constitutes this granul ation device be sel ected

appropri at el y achahidimethbdas Well}iy padesiratile érat d=irasimtioehconguit @ vidéclgr anul at ed
and so on, from anong various types of extruder which are per se well known
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extruder, a two-shaft extruder, a tandemtype extruder or the |iKke.
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and is din the hot c§t nethod The type of thernDpIastlc resin which is
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particularly lim ted however, for exanple, polystyrene type resin,
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vinyl chloride type resin, ABS resin, ASresin or the |ike nmay be used,
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pol ystyrene type resin, suc as po ystyrene -1 npact polystyrene
(HPS), or_the like, is appropriate for use in this context When expandabl e
t her nopl asPie qﬁgm n granules are to be manufactured using the granulation
device, the thernDpIastlc resin is supplied to the extruder to the end of
wh F'c h is fixed Theblgrargireant ifraliebeconsiferadaseimeapardpilabt initeddily i s
mel'ted and nulled. Next, 20 a blow ng agent is added into this thernoplastic
resin Wil possibi¢ tagutilive, fon exampleasdrinal perdsien isopevetanks cydlepaptaeul ati ng di e B,
SO0 as to process a bl owi ng agent containing resin.

cyclopentadiene or the like, either individually or two or more in combination.

Furthermore, as the principal component of the above described pentane type

compounds, it is possible to utilize an admixture of normal butane, iso-butane, propane,

or the like. In particular, a pentanc type compound may be preferably used.
15 By the expandable thermoplastic resin granules, there is meant resin granules

which have been formed in granular form, desirable as small spheres, by including the

blowing agent in the thermoplastic resin. It is possible to utilize these expandable

thermoplastic resin granules in the manufacture of foamed resin molded products of any

desired shape, by heating them in free space so as to subject them to pre-expanding, then
20  feeding these pre-expanded granules into a mold cavity which has the desired shape, and,

after having fused together these pre-expanded granules by steam heating, releasing the

final product from the mold.

INDUSTRIAL APPLICABILITY

25 Since, according to the granulating die according to the present invention, a



Furthernore, while discharging this blow ng agent containing resin fromthe
nozzles 8 of the granulating die B, the resin is cut directly within the
“flow of water with the cutting blade 11 of the cutter. The chanber 12 is
arranged so as to surround the resin dijgcharge 25 surface 5a of the
granulating die B, and the cutter is disposed within this chanber 12. 16 In
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individually or two or nore in conbination. Furthernore, as the principal

conponent b@oxﬁe@?gﬁéﬁ’@&% Qxﬁ%ﬁéﬂaﬁ%gtd?%t%ﬁ) p‘fdti)lﬁlctiﬁﬂ ERRIHIS dub to ASzzROSSI bl € to

utilize an adm of normal butane, 1so-butane, propane, or the like. In

particul ar, a_peniange .t onpoupnd. may b referabl y used. 15 By the
expandabi ogREbnahfoEshd B L6 RN e LB bR e o TR e R Y o

whi ch have, been formed in granular form desirable as small spheres, by
includingdﬁﬁ@“£@P6ﬁWﬁ§“@@ﬁgﬁ@PﬁW@W@?thernnplastic resin. It is possible to
utilize these expandable thernoplastic resin granules in the nmanufacture of
f.oanmed resin nol ded products of any desired shape, by heating themin free
sgace SO0 as to subject themto pre-expanding, then



20 feeding these pre-expanded granules into a nold cavity which has the
desired shape, and, after having fused together these pre-expanded granul es
by steam heating, releasing the final product fromthe nold. | NDUSTRI AL
APPLI CABI LI TY 25 Since, according to the granulating die according to the
present invention, a 17 structure is enployed in which none of the nozzles
is provided in the resin discharge surfi@e at |east: the position which are
towards the direction of inflow and outflow of water, and the positions
which are towards the directions orthogonal to the direction of inflow and
out fl ow of Waekisclaigmpéks: are the directions in which clogging my nobst easily
5 occur, therefore it becones difficult for clogging of the nozzles to
occur, so that it becones possible to aneliorate deterioration of
production efficien ue to nozzle clogging, while being able to

manuf act ur e?’gr anﬁl%g%\}ﬁllngﬁtiea?oénp&m ni form granul e dianeter and noreover of
hi gh quality. 18, rdfidisdnsreels@Rovlion ishrovhiddiid Bbialivith £Gwep IR, Shad: 2
resin di scharge surtace ich 1's provided in contact wth a flow of water
and; nozzl es WhigRleRhichoFEURhE@hiRetlednith adyliNddr DEeR eafudenamdkliivil penand

whi ch open to said resin discharge surface, characterized in that none of
sai d nozzl ew sagl psiovisthatgasyrfica, chafadteriesiin it schar ge surface, at | east one
of positions on a |line extending along said flow of water, and positions on
a | ine orthogonahonetdd saidingzzlesowpestvidediabin sad reaingtiggharggsirieceditdeagtensradi ng t o

claim1l, wherein said.nozzles are arr ed. al on " .
positions on a line extending a{ong Sald%%% & water, gnda positions on a line orthogonal

to said flow of water.

2. A granulating die according to claim 1, wherein said nozzles are arranged along a

circumference of a circle defined upon said resin discharge surface.

3. A granulating die according to claim 1 or claim 2 comprising:

resin flow conduits which communicate between said cylinder and said nozzles
being formed in an interior of said die; and

a heating medium flow conduit which is provided for heating a resin within said

resin flow conduits.
4. A granulating die according to claim 3, wherein an inlet and an outlet of said
heating medium flow conduit are provided in a vicinity of positions of said resin

discharge surface in which none of said nozzles is provided.

5. A granulation device comprising:



~circunference of a circle defined upon said resin discharge surface. 3. A

. granul ating die according to claim1 or claim2 conprising: resin flow

- conduits which communi cate between said cylinder and said nozzles being
formed in an interior of said die; andia heating medium flow conduit which
is provided for heating a resin within said resin flow conduits. 4. A
granul ati ng di ea gracdatihgndje accarthiag o Slaimtenelaimdl) i nl et and an outlet of said
heati ng medi um fl ow conduit are provided in a vicinity of positions of said

resin dischargg suullacs thdendhdGihibioRad SfantiBiif g W07 &l@8clcd; MPVi ded. 5. A
granul ati on device conprising: 19 a granulating die according to claiml or

claim2; an ext e 0 i i af i e | t ached;
and a chamber élﬁggl{bﬁ%ﬁggg%gﬁgegtat%lp Wmﬁgﬁﬁtﬁ&gﬁﬁg@?%ﬁ%ﬁfgﬁeﬁ?o i schar ged
from said, pozz| es .of  ;said granulating die and.a fl ow of . wat.er i.nto contact
o sar BRI o faid Regletea e DRoY 9T A AtaIcanRGVifh 38 gosih

granul ati on device according to claimb5, further conprising: resin flow
conduidt s diknhergesonemeicatdgheuloaiegdicai d cyl i nder and said nozzles being
formed in an interior of said granulating die, and 10 a heati ng nmedi um fl ow
conduit for heating the resin within said resin flow conduits. 7. A

granul ati on device according to claim6, wherein an inlet and an outl et of

sai d heaéin&ggﬁqi Bhfdkﬁ\eea&awhét@elsinpﬁ%«&k@ﬁcdﬁﬁsi%éﬁi ni ty of positions of

said resin 15°di'scharge surface Tn whi ch’ none of sald nozzles is provided.

resin flow conduits which communicate between said cylinder and said nozzles

( being formed in an interior of said granulating die, and
10 a heating medium flow conduit for heating the resin within said resin flow

conduits,

7. A granulation device according to claim 6, wherein an inlet and an outlet of said
heating medium flow conduit are provided in a vicinity of positions of said resin

15  discharge surface in which none of said nozzles is provided.

8. A method for manufacturing expandable thermoplastic resin granules, comprising:
supplying a thermoplastic resin to an extruder to which is attached a granuiating
die according to claim 1 or claim 2 and melting and mulling said resin;
| 20 adding a blowing agent into said thermoplastic resin while moving said
thermoplastic resin towards said granulating die so as to produce blowing agent
containing resin; and
cutting said blowing agent containing resin which is being discharged from the
nozzles of said granulating die within a flow of water with a cutter.

25



8. A nethod for manufacturing expandabl e thernoplastic resin granul es,
conprising: supplying a thernoplastic resin to an extruder to which is
attached a granulating die according to claiml or claim2 and nelting and
mul 1'ing said resin; 20 adding a bl ow ng agent into said thernoplastic resin
while noving said thernoplastic resin towards said granulating die so as to
produce bl ow 1etha8 e mak@Rdtaling Bepah 81O theanBplasticiriclid gpaiutbsRbonting t@gent
containing resin which is being discharged fromthe nozzles of said
granul at Lngndl 6tebildirBnbl Whdlics YN cdthublinRa® $bilon 2 Alnachanfh L O For
p e pl as ul es "accor

manuf act uring’ expanda her no Ic restn gran rng to claimS8,
wherein resin flow.conduyjts ich. co ni cate hetween,said,cyl.inder and said
Mooz oo M7 PEBASSH WHPH Seld BrogH SR Ol 3 (ane ARG GRSt | ng
mediumin the heating nmediumflow conduit and _heating up the resin within
sai d resihgatfngonediomdiaow sonditiand haating wpthefresin wavhi sedd tesimidowe xpedudiabl e

t hernopl astic resin granules according to claim9, wherein an inlet and an

outl e of said heating nediumflow conduit are provided in a vicinity of
positions of said resin discharge surface in which none of said nozzles is -

provi dedqgl A method for manufacturing expandable thermoplastic resin granules according to
claim 9, wherein an inlet and an outlet of said heating medium flow conduit are provided

in a vicinity of positions of said resin discharge surface in which none of said nozzles is

(’ provided.



