| DESCRI PTI ON GRANULATI NG DI E, GRANULATI ON DEVI CE, AND METHOD OF
MANUFACTURI NG EXPANDABLE THERMOPLASTI C RESI N GRANULES 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 granulating die and to such a granul ation
devi ce which are capable of producin ranul.es of a uniformgranule

di aneter at good efficiency while Rbs '%BIQI‘@) nozzl e cl oggi ng. Moreover, the
present invention also relates to a nethod of manufacturing expandabl e

t her nopl asti ¢ rGRBANIGrARING@DIESGRANNATIEN IEVICE ANDMETHOROFon Japanese
Pat ent Application No. 2003-67016, the content of which is hereby

i ncor por at eV EFACPYRTEIEERPARD AL BAGHGEAIND, AR CCRES e GRMENTIEEN 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 material which has been

nelted and nulled is extruded fr i the extruder, and is cut by
t he cu"iter, t hus manuf acturi ng p@g@@%ﬁﬁﬁ@o desired size. As nethods
for cutting the resin material which is extruded fromthe nozzle of the

di e, there are Khoprsthenvsotion tlatehistdgrdnadadng e andto ¢ gramattiondlevithdor col d
cut nmethod is a nethod in which the resin material which has been extruded

from thefgiguad granilet bfa thetmbplagikndsin bgdhd Rotaunaietiodt ank impakticalagool ed, and
is cut up after having thus been fornmed into the shape of strands. On the

ot her ~hangh1tOe ek a%l’%nu?a@ing@ié’@gi toSuéh Mtharhibl deice WHidiareRapdticss of a die

in which a plurality of nozZles are

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 thermoplastic 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 extruded
from the die by the extruder, and is cut by the cutter, thus manufacturing pellets 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



2 opened is contacted wth 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 granulation by the hot cut nethod, since the resinis cut while in
the state of not yet having fully hardened accordingly there is no

powderi ng of the resin, which is 5 theZdi sadvant age of the cold cut nethod.

Furt her nor e, ran | af i by.the ho thod, there.are t

benef i ci aPPE¥ é%‘f“ eétjwﬁl %%é@‘gﬁtﬁr é‘“%iéheglﬁg IR HEFS TSP 1@?%’&% € and so
on. FIGS. 4 to 6 are figures show ng an exarrple of a granul ating di e whi ch
is used Wﬁeadﬁrﬁp‘@ra’%qfthat’%é?eh@?XELFg?dﬂ@ﬁhR)@bWPf@fﬁt% is a sectional view of a
granul ating die A which 10 has been fitted to the end of an extruder not

shown in the fibugrasulatich bf the Hporhi ethod, sincehbertsin i3 2u( @hideint the stateasfber ) ,
FIG 5 is a sectional view thereof taken along the line I-I in FIG 4, and

FIG 6 Isnarye%mlﬁgeﬂma@amﬁ Acchtihil1#thdrt AMCORMErL oRATHd R8in, FARWING the

arrangenent ‘of the tubul ar flow conduit. Thi's die A fTor granulation has a

G cn s o Clhelsitobghodorlth 'Ry Mihott, P EBftnbiore Sy b hon BY hehef i, "gry °

hol der 1, which is forrred in a tubular shape, .is connected to the end of the
ext r uder , MeHips, thsrsare the heng lalaherppeathaéstilﬁpr)srsarrﬁ Eopliaingspberical grapBledor e, t he

ref erence synbol 3 denotes a heater for the die holder portion, while 4
denot es bahd s0 evhi ch attach the die main body 5. Wthin the die nmain body 5
there are provided a plurality of 20 tubular flow conduits 7 which, with

connecting to t REGS® foahre Eiguresishowingamtixiainph ofdd S@nulefnneietwiich & ugédiral ity

of nozzles 8 which open to a resin dlscharge surface 5a forned of the die

L b e g M it s g
| nser 16 d has Fech %eg to the end of an extruder not shown in the figures and of a portion of a
chamber 12 (a cutter chamber), FIG. 5 1s a sectional view thereof taken along the line I-1
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 ! 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 bolts 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



main body 5. Wth this granulating die A resin passes fromthe 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 which are
provi ded upon the resin discharge surface 5a. Wth this prior art type
granulating die A, as shown in FIG 6, Bhe nozzles 8 and the tubular flow
conduits 7 are provided at equal intervals along the circle which is defined
upon t he M3 theglwalaro@ogrles §adichare groviiedpaniles resip disshargeissrigehdtini cat ed
to the resin discharge surface 5a of this granulating die A houses a cutter
whi ch has Vditlc thtis niorrant tapé granshahg d@ A aschowern Bl@detheswpples 8 amdmiper 10, and
a blade for cutting 11 , and is provided with a process water inlet 13 and

a process tﬂma@rﬂc&w&dlﬂhitéé-aré ot idled aﬁétgﬁbﬁl&er&éﬁs alhik g difge GAAIANEK definddel N
rotationally driven within t e flow wat er, the resin which has been

di schar ged Bﬁﬁg&ég Pﬂa%&gghﬁfg%%gharge surface 5a is cut imediately in the

fl ow of whi ch have been obtained are carried out
witht eoutflo er. .t h the proc wat et. qutlet 14 from.the
chanbe? 12. Homﬁlbgph a2 Mo Prtemin e faor B i s rfee cha thes
surface of the die is in contact with the flow of water, heat is taken out
from the geyulatiggdehAhgeses urd igier which hahe cutt® rbtagan ghafivai aeuttes bladnat it may
happen that the tenperature of the interior of the die, at |east |ocally,

may drop bepmit he@berEld anda blide fordduttidpel Ir esidis pASiddvasiuh prockiewsted s a
danger that the holes in the nozzles may clog up, so that the productivity

of the devijefd &d aﬁ?rbbé%k'%&a&r%ﬂ@tr 107 3h efls cHRRIRIMET whi B2 dubteSHHRirE 0991 Ng
does not occur, it may also happen that the dianeters of one or m)re of the

nozzl es npy,f&0 g%n%‘ﬁ OGO RN, o 0ae80 tﬁe gélnt\vﬂﬁ%ﬁhﬁ%’eﬁ Eim%%artg@& |l ets or

granul es produce becone i rreg ar, case the qua y of the

rodu ranules i s seriqusly .negative af. f ct ven furt
P % gthe resin discharge surface 5a is cx%aimmedggtely mt f?ow OF ater, and tgc granules

which have been obtained are carried 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 isa
danger that the holes in the nozzles may clog up, so that the productivity of the device 1s
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.



if a large amobunt of clogging takes place, along with it becom ng inpossible
to extrude the resin fromthe die, the pressure upstreamof the die my
beconme abnormally high, and this may exert a negative influence upon an
upstream devi ce, such as for exanple an 25 extruder or the like. 4 1In
relation to a granulating die for use i#& granulation by the hot cut nethod
there has heretofore been pro?osed,a granul ating .die which has a rod shaped
heater in the Hevwlaionde agganlamegisfoyuse in grapelationhy dedwupetangpedi n the die
and a plurality of nozzles which is provided corresponding to each of these
f 1 ow condthetshasdieagofore beeatproposetie gharmdatinigeke whidhdrasiayod simpefl deatexianpl e,
Japanese Unexam ned Patent Application, First Publication No.H07-178726) as

a techni qiR defifer Bf @B Ia}Pura i MOy edndult® Witz iR i afttd pREAAPOEnoZes
granul ating di e has been proposed (in, for exanple, Japanese Unexam ned

Pat ent ApQhi .00, 1. .catli - 74). .1 i in order
to preveﬁ@h%ﬁgggﬂﬁgﬁé%E%ﬁgﬂﬁgl ef% u?gmfﬁ;§%%C?ﬁ?ﬁ?ﬁéﬁsg$h%ﬁgﬁg%%nulating
die, the vicinity.in 0 which the nozzles of th ranul atin e open is
Cover et oUIGh oD 8 e PR P R ACA B caUP b o
conductivity. However, even if the above described prior art techniques are
utilized Pnblinatien Notld0pl &) ag b trghhiaye &9r nrpentvg £laggingf ofithenegzlgsul at i ng
die, the beneficial effect of preventing nozzle clogging has been

i nsufficient. | Rupldrinoed)lagranuidtaig diehhsehdenippgpdsbe (ihpfoe xpanplaplapatessi n
granul es for manufacturing a foaned product by adding a blowing agent to

the t her mopkgahined Pe&hNApplidaln, kst PUBLICEBLR NG, 1811 HB8 7418 whikk, UAReder @81 N
should be forned in the water of which the tenperature for nmanufacturing

soual o BRI 8.0 Bk BOEED I8, OB f e S HOBR 1
t er’rpe{ f? t U{N%icthhtﬁg ngzhz?esno%rtgéaérlalyxuﬁiggg g{eaotplé;l ?s’ cosv%rédh(?\:[cr %f?th% go?'csmlljsl rgletallic
material which has a low thermal conductivity.

However, even if the above described prior art techniques are utilized in order
to 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 in the 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 the diameter of the granules which are produced
becomes unstable.

As a result 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



20 cl ogging of the nozzles may occur particularly easily, and accordingly
problens arise in that the productivity is low, and the dianeter of the
~granul es which are produced becones unstable. As a result of assiduous
investigations with regard to the problem of nozzle <clogging with a

granul ating die to be used in the hot cdt nethod, the present inventors 25

have realjzed that there | a .rel ati anshi betvveen ose of the noz | es
whi ch nay'b%%?é‘?el oggedgaghd qcaaagg LRSS mﬁﬁs‘?‘elﬁweft BT he

water, and furthernore that, in order to prevent clogging of the nozzles,
it is eff&Ecweventcloegss aibehozles, ihiseatfastine gyreplenish thesheat grargpyvhidnisact with
the water by flowng a heating nediumw thin the die main body; and, based
thereuponkmthpc@ﬁaﬂeﬁﬂlﬂmw&mﬁ@w&khauga@emﬁgﬁmaﬂuﬂh&ﬁﬁm&hedhIhmmemﬂﬁon. 5
Thus, the present invention has been el aborated in the I'ight of the above

descr | beda R, BRiLMhere Iﬁﬁe aﬁr@é\j\eﬁﬁm@émtb%s%a@@h@ﬁée‘:%‘a thOpREQHIifierfioflf @nul ating

die for the hot cut I's capabl e of prodUC|ng granul es of

nozzl 66, 10' DI SELOURED T RYERITOR PRE: SraRBIcAcr s TS oL B RG (ot e

present invention has a re5| n discharge, surface which is provided in
cont act wesehed PrRlcaHs. ded éﬂakeaﬁﬁltﬁa\zf%@ ImreHdas sranylsting dicior 8k Witth a

cylinder of an extruder and which open to the resin discharge surface, and
wher ei n nontenethod,hehipip szlapablé ef produdidg @rannles o€ undeirm duinstdrat geodur f ace at 15
| east one of follow ng positions, a position which is towards directions of

i nfl ow andfficiaic{ haile@hrewwntigy clopfitlg POHictdicepleswhi ch are towards directions
orthogonal to the direction of the inflow and outflow of the flow of water.

According to this granulating die, since there are no nozzles provided in at
| east

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.
According 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.



one of the follow ng 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 nade
difficult for clogging of the nozzles tg occur. Accordingly, wth this
granul ating die, deterioration of the production efficiency due to nozzle

cl ogging i s ameld , j. t p i 0 e granul es of
a nirorm 25 ai HRPERe et bio REERTER PRGN CENNEE S GEAT 27 2o
al ong a c[rcu&f renc?%Pf a circle defined upon the resin discharge surface.
In the gr & G6f 2C¢-esin fl ow conduits which communi cate between the
cylinder and the nozzles may be fornmed in an interior of the die, and a
heating nedi um B thegransdaingi die, resin e worcadigewhichreohwagnieaje hetwesh thewi t hi n t he
resin flow conduits. In this case, since the heating nmediumflow conduit

whi ch is cglimiebedithe@oliles Mmaz bk dsmadddnhaatdriotipf thbdid, @sd B heatiny medib@ resin
flow conduits, it beconmes possible further to enhance the beneficial effect

of preyenpbondabuit %r?-\?gjeggoﬁﬁg? % Haened @&sirﬁ%{iﬁﬁ%@ﬂés AW CBnd s In this

granulating die, | ssible to prevent clogging of the nozzl es and to
Case of  mEkst BT Penestin AT crREiT Bl rrorel e R ek F R atur e
of the water nust be set particularly low An inlet and an outlet of the
heati ng niBithewespawties HeresinHeyY podIthdt besomes gessible farthar ¢ gritapesthenosi ti ons
of the resin discharge surface in which none of the 15 nozzles is provided.
The gr anubendfieg dffectrdprdantomottlngging oéthemonhiceh Aoccredivglynwithiths i s
provided granulating die, it 1s 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 1n 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



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 outfl ow of the flow of
wat er and the positions towards the diréction of orthogonal to the
direction of inflow and outflow of the flow of water. At the position along
the direcff®RC-of inflow and outflow of the flow of water, the nozzle

cl ogging may nost easily occur, and the position towards the direction of
orthogonal to t Wegraiviatoan daviasfaccomdidgow thnpresant frivention hastbe gtapwladihg Wi er i s
the next. Accordingly, it becones possible 25 to obtain the benefici al

effect of apegvedrit®the®nd Of Mg @fantulginp @7zl @8adhR dpanded clgihftrt &hich degree. A
granul ati on device according to the present invention has the granul ating

di e; a”mﬁéﬁsfr‘?yg%u&@wﬁi@ﬁ cﬁt{g% rQéin‘%Hiﬁﬂs f&%h&@é‘d‘ﬁbﬁlt%ggﬂilgss&ﬁhé‘“aChEdi and a

chanber IC houses a cutter which cuts a“resin I scharged from
the nozzles of the.5 granul at.i i e.and wherein in the chapber .a fl ow of
wnter Sontienaikl g arbvhaein B dafrns tehe Selersoriat R ReTfng di e
Wth this granul ation device, resin flow conduits which communi cate between
t he cyl i ndeehargesuifise o e granwaynddef ormed in an interior of the granulating
die, and a heating mediumflow conduit nmay be provided for heating a resin

w thin the resi it twe gritulaorddevice, reSindffowicoiduifaivehichi eominahicote bdevdene, t he
inlet and the outlet of the heating nedium flow conduit nmay be provided in

the Vi ci nieYeyBhdBORIAthORSzAMs thilebd RinBd tH SCRRE of Hef @&fulatidp WBi 4R anone of
the nozzles i's provided. A nmethod of manufacturing expandable thernoplastic
resin gr aﬂb‘z{tﬁ% rﬁ‘gcﬁ%qu conduit may be provided for 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 cqntaining 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,



15 to the present invention has : supplying a thernoplastic resin to an
extruder to which is attached a granulating die, and nelting and nmulling
the resin; adding a blowing agent into the thernoplastic resin while noving
the thernoplastic resin towards the granulating die so as to produce the

bl owi ng agent containing resin; and cut8ing the blow ng agent containing
resin which is discharged fromthe nozzles of the granulating 20 die within
a flow of dfgrieratipn o the Rroducsion efa@encdidighe Popwnsagest pudaining reEs gie &0
difficult for the nozzles to beconme clogged, since there are no nozzles
provi ded inozat cloggmp ivammclddratedearfdal bawineg ppesbleito nenofecturhigraneks vf di schar ge
surface at which it is easy for clogging of nozzles to occur: towards the

direction bqﬁwihgfagawcaﬁtdirﬂsg fekWv Rl 2 LA oM @MnRkerWRl @F a higiylaf@r ds t he

direction of 25 orthogonal to the direction of inflow and outflow of the

flow of water. @f]ﬁlo{h%[;%!h}éd, aﬁogg:{wﬁﬁ'r@sﬁr?pb\%’boﬂéuiﬁs*\%h'%ﬁ%Séﬂ%dn?&teeéét}vﬁénency of
the bl ow ng agent "contarnirng resin die to nozzle & odging i s anelrorated,
and it _becones, possible to nmapufacgture granules of _.a bl ow ng, agent

cont ai Ai n@hwiﬁnﬁew@ﬁil%n%ﬁkf%gwa AR hergtesIor aE thegramatingdjean th t his
met hod, along with resin flow conduits which comunicate between 5 the

cyl i nder &neingraediomzahaxbe Sewad irf Ge redingmedien v corduiofo asie hgatapuhat i ng
die, a heating nediumnmay be flowed in the heating nmediumflow conduit so
as to heatredipwithih the esimflwivicbhauitshe resin flow conduits. Furthernore, wth
this nmethod, the inlet and the outlet of the heating medium flow conduit

may be provi ded puAndhR e Wk YmehoB o8k tli8Nhdhe Bl*&?etb?ﬁie%e‘a{iﬁ%%ﬁﬁﬁﬁn surface
in 10 which none of the nozzles is provided. BRI EF DESCRI PTI OF DRAW NGS
FIG 11is RwERLR ?x?aly be! p"rlé’vi%*e‘é’ W B vf @ni%fo pdC)ISIr{efC)@IE oﬂhetrggn %ﬁs%ﬂéyggtsﬁlqgceqhe

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 nvention.
15 FIG. 2 is a sectional view taken along the II-il line in FIG 1, and FIG 3 isan
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 FI1G. 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



according to the present invention. 15 FIG 2 is a sectional view taken
along the Il-1l linein FIG 1, and FIG 3 is an exploded view show ng a
tubul ar flow conduit portion of the granulating die. FIG 4 is a sectional

vi ew showi ng an enbodi nent of the granulating die according to the present
invention. FIG5 is a sectional perspecPive view of this granul ating die
taken in a plane 20 shown by the arrows I-1in FIG 4, and FIG 6 is an
expl oded WSRHSR. ARiAWamEdinh aceydng te tlpﬂbmeﬁ%nmen@%lsgﬁs%m HRPHANIE e.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention will now be
descr i bed byithdhatehiemethod foomaheladnamingsnuleP2meFtEDy ¢xttuding themndplagtices
showi ng a granul ating die according to the present 9 invention. A

granul at i ngiglivaidR 1A 6editineBed Shd MBI RSN tiuAYEMdrh Qmdzsle eB0vdtér, @hasul ati on
by the hot cut nethod for manufacture of granul es (pel | ets) by ext r udi ng

t her mopl agh Grank G ﬁ%ﬂ?hgmeh@ﬁ beppy W‘%%%‘%Qctfb@g ?‘?k}é ) Shafil] @?%ﬁl‘é%er froma

nozzle into wat er S mu taneous y Cu

secti opal t r.anul at ch | attac to the nd of
- ext s uaiticis SpSRER 1 A G drituder it e DeBies GPdT 2RI H2 (o

cutter chanber) FIG 2 is a sectional view taken along the I|ne [1-11 in
FIG 1; asbambe 12 (psuter cémmb@dealci/|Zew@¢ct@nah~bgwaakm|admgdbﬁhm: -Bértion,
showi ng the arrangenment of certain tubular flow conduits. This granul ating
di e B has F&Gdi;ant 61A €Y is hnwitpltided sichi ofedtubolat lewanddait psikien ldoexid thder ( not
shown), and a die main body 5 which is fixed to the end of this die hol der

1. The i ph@hiPhebf tAustt@ulPRer cohdliggmed in a tubular shape is a nelted
resin flow conduit 2 comunicated to the end of the extruder. The reference

_ symbol 3 denot CHni aﬁﬁllﬁ%gdcﬁ'é 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 nterior 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‘cutter 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



_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 fromthe end of the extruder
through the nelted resin flow conduit 2 and tubular flow conduits 7, and is
t hen extruded froma plurality of nozzl¥s 8 which are prOV|ded upon aresin

dlscharge ace hown in.t fi is a
single ap®f @3$5ﬁﬁﬁéa ltﬂﬁeﬁﬁﬁngtwfﬁéwtﬂbatﬁPpﬁtéﬁﬁﬁi u@?@ ﬂPe he
conflguratlon of the apertures of the nozzle 8 nmay be forned with a

pl ural'i t yaisfeariisideit alpgg|wiksthg ﬂwoefstheeebﬁl@meqocesmazﬁéeldtuttehi 4ome. In the
chanber 12 which is provided so as to connect the resin discharge surface
5a of this granWidfin tig di¢ mab balycutheerarehiotiddiasplarating bEtubolat ivivon shaft 9,
a cutter blade support nenber 10, and cutting blades 1 I is housed, and a

process \Ae&etmknlxﬂtmﬂ%eﬂfgotoﬂned@éc%%ém&eteswttb@tcoﬁéult§ a‘?§cpt\!dxﬁ11%éted g this
chanber 12, the cutter is rotationally driven 25 within t e flow of process
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obt ai ned are carrie t along with the flow of through the ess water
outlet 14 aftthesst tltfgardt'f@vﬁat ltﬁaoﬂye BrrpReAgropng ap?lfﬁﬁn%%?n‘éeﬁf ?‘é‘ﬁ? 9 of
tubular flow conduits 7 which, being connected to the nelted resin flow
condui t 2theatsn disgharge swdrceda; Bnalope af nvddes foor tnbulat Bewgomiits7 spen to the
resin discharge surface 5a of the die main body 5, and these tubular flow
condui t s proaidedat (engsiicas Durtdciatotardsiiit direttom @finflowiand loatfluw of the flosi n
di scharge surface 5a; but none of nozzles 8 or tubular flow conduits 7 is

provi ded gfwhiee aBQ%t ﬁie?iaﬁané’\R'\ﬂ’ﬁcK D gb g t&itﬂeeeglbﬁﬁb ofrhk RbkAw fad

outflow of the flow of water, and at the positions R which are orthogonal
t th th th
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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 5a.

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 Sa 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 5a, are defined by center

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



with reference to the exanple shown in FIG 2, the resin discharge surface
5a of this die nmain body 5 is shaped like a circular ring, and the nozzl es
8 are provided in the regions Q except in the regions P and Q which are

| ocated 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 butllhose diameter is smaller than the

outer dianeter. of the resip disc surface Hha. The | r_porti in the
figure of If4¥ 1Pél§irﬁgl‘}’in§§h‘é{gﬁg agﬁﬁ%@@ by pepigr elb%ﬁ?se%ffmmﬁ%hﬁéﬁ&}% thn of
the process water inlet 13, while the upper portion of the resin discharge
surface 5&gien whichds pohegpnphte the diseationriran thegroprss evatas Inlat b toghe percess4;  and,
furthernore, 20 the portions of the resin discharge surface 5a to the |eft

and the rnghdr outletldGso thadtie rearlee 8 panckdy tfhenedi in &lgd regivds Ghuyedn the eesiar t hogonal
to the directions of the process water inlet 13 and the process water

out I €€ 144isS9REL Lrktk|thoytifh 43 RIDREERAS P AANGOLe AR R Soud phor med

the regions P “which, referred to the center the Tesin discharge surface
5a, arg defined enter 2 ngl of from 10 to 50 around the ocess
vater 1 ni BpaqSafthal 3RS sERodRhl Inhord SR a¢ alrfoesd Aep L ATRRS R whi ch
are defined by center angles of from10 to 50 around the region which is

or t hogonaPeing spased appid &Y adrceflipi§iiehe process water inlet 13 to the process
water outlet 14, so that the nozzles 8 are only fornmed in the regions Q upon
the resin di schahege cutet acgebare\Mss ¢lmnatk(8, theh giedeistaHfearrthgfi cdrgpiiz afttic t he
regions R It should be 5 understood that, in this enbodi nent, the nozzles 8

are arrangegzlevany easl et Ohilk) @Sthe Beieh Basd)acdsedRter abyleQarkigk@derithdrer val .
| f these center angles are less than 10, then there is a fear that clogging

of the negzhes aY iﬁgﬁéér Yhal® B4 giotD FdrGorrRRidnl 1 (1 A1 A0 b bsiiBRASCENt er

angl es are greater t

10 that the productivity is deteriorated. The center angles of the regioné P and R are more
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 8 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



50, then there is a fear that the regions for formati on of the nozzles may
be restricted, so 10 that the productivity is deteriorated. The center
angles of the regions P and R are nore desirably in a range of 100 to 30,
and even nore desirably in a range of 15 to 25. Wth regard to these

regi ons upon the resin discharge surfackl 5a in which none of nozzles 8 is
provided, in the regions P, which adjoin the process water inlet 13 and the
process wat & 1gsip dscharge syfacgog thehengfigialictigrias rytamgdythatgt isposybieng of t he
nozzles to occur. 15 If any were provided there; so that, by enploying this
st r uct ur e fimhapksiicacemly tobrevestcloggnd ekthg norzlesibul ar fl ow conduits 7 is
provided in these two regions P, the beneficial effect is obtained that, to

this extent, cl Gaghéithopd, it liels BRBEdIERNE, S Heh@yembeRim Noweoratit 17 fortHkts
enbodi ment, a structure is enployed in which, furthernore, none of nozzles

8 and t“b%ﬂea{esiﬁl'if?%ectﬁﬁ&\ﬂf Eoﬁqdﬁitiﬁwﬁ'{:ﬂé Aadeds {ohtﬁ%%@zlé Q9L Q%Zidgtd\gﬁitﬂ 2 lie 20

in the reglions upon the resin scharge surface sa orthog

directjions of t now of. th rocess . r. .lt has been determmned that the

hor | 20ht aRFGTFE) (B SSER DPRED: 1 d6F NIHPLIANBE e g Is3ah éb By o ocour

cl oggi ng of the nozzles next the vertically regions upon the resin

di schar ge heafirfeauedige floyh cenduiis] & is seleelgd apprapidsig ytdseondingctedhke bgat@eg i nl et 13

and the process water outlet 14. Accordingly, by not providing any nozzles 8
25 and t ulrhperatie)foroxampid, $f ahaming eedivnh at 4Hoas200°€gk eamiinedf syweiets oflhe | ef t

and right sides 12 of the resin discharge surface 5a, the beneficial effect
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of the nozzles. Furthernore, in this enbodinent, a heating nmediumflow
cont Lol g ep IE 58 Bl G AR B B e BRLect o
su aphe ekl 1B el o Lo g, b B g el gy cone 17
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, 1t 1s preferable that the heating
medium be supplied and circulated to the heating medium ﬂov& conduit 17 by a heating
medium supply means not shown in the figures, and be heated up to a predetermined
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 Sa in which none of nozzles 8 is provided. In the example shown in FIG. 2, the
heating medium inlets 15a 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



tenperature; for exanple, if a heating nediumat about 200C is required,
synthetic oil or the |ike may be appropriately used. The tenperature of
this heating mediummay be set to the tenperature of heating the resin in
the extruder, or set to the resin tenperature 10 within the nelted resin
flow conduit 2; or set different tenperdiure respectively. Furthernore, the
flowrate of this heating nmedium may be of an order which is capable of

r epl eni shiskg and&t ﬂ’éatghéﬁgﬁ §¥ thitiesin dissharge surdase S0 Sicecnemployb@ttisen t he
resin discharge surface 5a and the flow of water. It is preferable that the
t enper at urtgpeasfdtribiare, theowzating encdfunt ndidhelals ibeen hedédiop tred pgdaeimised as to be

i ncreased or decreased according to 15 the state of clogging of the nozzles

8. MoreovesmpdrhteSisRUgiIRUab S tiRE F&l?i%n hgatd 1@ JoWBdhdHbRer BHRRA €d and
circulated to the heating nmediumflow conduit 17 by a heating mnedi um supply

nmeans not shown in.the figures nd be. heat ed t.0 _a_predet erm ne
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Furthernore, in this enbodi ment, heating mediuminlets 15a and heating 20
medi unv outloBt of PrRsEsa RISE aSEPIIERELY H 18 H@S&!I%F%W%ﬁthﬁh@ﬂ?@@ﬂb?@hp of the
resin discharge surface 5a in which none of nozzles 8 is provided. In the
exanpl e shemperatard-iGSribptioheporhihatrésmy diseldirgasurfacetss. 15a which lead to the
heati ng medi um fl ow conduit 17 provided wthin the die main body 5 are

provi ded in the Thagirenfatthgdie B) Qs HRPAE insSFIde 1 a8 ditRE t6 bR end @feHe Sittlgeof t he
resin discharge surface 5a, while the heating nmediumoutlets 16a which 25
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Rat the left 13 side at the right si ; resin discharge surface
has been MeRPdRNER IS Helladun T kR kit LA IR Pl & B Lpper
portion and_to the | ower portion_of the resin discharge surface 5a, which
are poPti GRS Hine iplardiopysonduys 7 gienargpwedidaym Kehpmelgh apd conpiitute
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



5 flow of process water, accordingly it is possible to enhance the
uniformty of the tenperature distribution upon the resin discharge surface
5a. This granulating die B, as shown in FIG 1, is fitted to the end of the
extruder via the die holder 1. Resin which has been nelted and nul |l ed
within the extruder flows through the nédlted resin flow conduit 2 and into

the tubular flqw conduits 7.  The. .,.10 ends of the tubular flow,conduits 7

e har ot Prvided Sarind rSinieanE TRee S PR oph O en |t he
resin discharge surface 5a. The resin which is flowng wthin the die nain
body 5 i sclesatodtc pipcess wier mileé1ﬁ@n@@thpmqeéﬁwn@apéfﬂetg4aaﬁerv}mhe10ﬁ@id shaped
heaters 6, and thus is maintained in the nolten state. And the resin which
i s di schdropethgfafoim tehpernonz inesy sty ossir,iactadopiy ads pousibie td@epsracess wat er
which is 15 flowing within the chanber 12, and is cut within this process

wat er fl 0&0@%611@ I3 tHfeltidzh 9 8 vligd e phdviQdd Gt GebiRE gofﬁ'&ﬁs of fRYt§s Which have
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t hus been cut assune a roughly spherical form and are transported al ong
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granul es. The process water which has thus been separated fromthe granul es
is 20 recPiodustansdtigisney dueslgisingeans. sad 1§ ReS g maaHpdpreigranyles of s

granul ati on process by the hot cut nmethod, the resin discharge surface 5a
of the gramddrat graguldidmnB:teregndengricbverlod bmhaguabty. of heat, because it cones
into contact wwth the process water. In particular, the portions of the

resin di schar geFathicraes: dacevhidhhiapeanuldtidgelid B, 4166 nPlioehs nvatles 8 isnl et 13
and to the process water outlet 14 may easily suffer 25 |ocal tenperature
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8 i's provi se regions which are
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next to the regions near the process 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
granulating 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,



dropping of the tenperature may easily occur, accordingly it is possible to
prevent clogging of the nozzles 8 which are provided upon the ot her
portions of the resin 5 discharge surface 5a, and thereby it is possible to
aneliorate deterioration of the production efficiency due to clogging, and
it is possible to manufacture granul es ﬁ% uni form granul e di aneter and
noreover of high quality. Furthernore since, with this granulatlng die B,

al so none gfranhlh‘? oﬂ%ﬂ E%vhzcﬂ fas tRE %Ax%e&%ﬁéig%ﬁ egk%&&lé iy d %&{3 j:{ ?%d?d” face 5a

in the reg ons al ectiron whic 0 the
process ter, inlet 13 and t cess wat er. outl et 14, which, xt to the
regi ons n é?d?W@LEtaﬁéggeﬁ%Tg?“ﬂWT T“@%“ﬁﬁdﬁFﬁ%m %E@é@vﬁﬁﬁﬁﬁeﬁﬁW et 14, are
the regions in which cl ogg may nost easily occur, accordingly the

benefi ci aaplerppreeﬁly(ﬁ@corér@vteﬁ ¢ tmeef the regjgivhiclvts te e grasmidtedanidssenne froRbr e
excellent. Furthernore, with this granulation die B, by providing the
interior ahohpeadiwe tydds ofeixtrubkerdyhibh mhq)eheaWengnﬁwdummefﬂrmﬂaﬂqndhﬂ fesiki7 whi ch
heats up the resin in the resin flow conduits connecting to the nozzles 8,
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cl ogging of the nozzles 8. Accordingly, eveh during the nanufactu e of
expandable re | ul e pr whi ec t.0 se erature
of the pr%cess \%gleqﬁ(par ?Pcu'fm}qr?f%hr{he C#j?mge @s?g %Oehouge eve e[ oggi ng of

t he nozzles, .20 and . to produce_granul es of a unlforn1d|aneter at good

ef fi ci enchossitle fautlizes dhambenobmiypy hisksisgier srival kngwaiin ths nrier ¢Hr S sorts
of per se well known prior art granul ation devices, typically having an
extruder ugediihéhelhet cwi mgiodh a granulating die is fitted, and a chamber

whi ch, along with housing a cutter which cuts the resin which is discharged
fromthe nozzl eShetypehs tigirmnplastic rGintwkich & ®hehrsed gdthahé brderd Inwhtivaiser i nto

contact with the resin discharge surface of the granulating die. Yet

furthgey, At to be considered as being particularly limited; however, for example, polystyrene
type resin, polyethylene type resin, polypropylene type resin, polyester type resin, vinyl
chioride 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 nozzies 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 chamber 12 1s 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.



a granul ati on device which has the above described granulating die nmay be
provided. It is desirable that the extruder which constitutes this

granul ati on device be selected appropriately according to the type of the
resin which is to be granulated and so on, from anong various types of
extruder which are per se well known inl€he prior art in the resin 5 forning
field;, for exanple,. a single shaf.t ext r,.a twosshaft. extruder, a tandem
type extruderng?%?lﬁ@e?‘lcl%%.s Vf—%]r’ %H%p?%rﬁéf,éqg%trthff Wémcﬁl.%‘ﬁﬁ%’?dm BVE“Q%S to house
the cutter, it is possible to utilize a chanber of a type which is per se
wel | knowsonpect e npzzlss 8 betprovidefl withingse mtgripriof thengendagngéiedband thee t ype of
t hernopl astic resin which is to be used wwth the present inventionis 10
not to be heatsy wiediach fiswingiin thedeeating mediny flbwrdohdalr 1hhewwerthe fesin eithimpl e,

pol ystyrene type resin, polyethylene type resin, polypropyl ene type resin,
pol yest er ¢h/RSi &SV Bonddlityy! chloride type resin, ABS resin, AS resin or the
| i ke may be used, either individually or two or nore in conbination.

Furthegnore, it 4 ssiblie.to utili ecyc er lastid c_resin which
has beén obt ai ng}&%gg—ﬁ"r&%é@?@f %ng tgjf)‘!eira gﬁggi lﬁ}gls Jr?gg?lb%zoerc}ﬁgﬁ%%slisﬁ afi}g(ﬁ?eesi n
products. In particular, a polystyrene type resin, @uc_h as pol ystyrene
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(GPPS), KUt iaanfdhe hratipg pygdana tlop ogpluit 47 1@ Reprav he ey afthee for use
in this context. When expandabl e thernoplastic resin granules are to be
manuf act uregions? agd Rivd thepresmudischiage sudedect intwlach henenafghantiztesr®isin i s
supplied to the extruder to the end of which is fixed the granulating die
B, and thipgotib&tr.nopl astic resin is nelted and nulled. Next, 20 a bl ow ng
agent is added into this thernoplastic resin while noving the thernoplastic

resin towards F%e%%?%&&ﬁgs H5i80 Be cé&i@ée&?s%iﬁg?aﬁﬁcﬂah& fipding, AgENt
containing resin. Furthernore, while discharging this blow ng agent

ining resin. S whiTe This blowng sgent
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cutter. The chanber 12 [s arranged so as to surround the resjn discharge
cyclopentaflenc or the like, exthgr 1nd1v?dua?ly or two or more in comblnatgon. g

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 pentane 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



25 surface 5a of the granulating die B, and the cutter is disposed within
this chanber 12. 16 In this nmethod as well, it is desirable that the resin
fl ow conduit 2 which connect the nozzles 8 be provided within the interior
of the granulating die B and the heating mediumflowi ng in the heating

medi um fl ow conduit 17 heat up the resitVwithin the resin flow conduit 2. 5
Yet further, with this nethod as well, it is desirable for the inlet 15a and
the out!| &fuctys ipemployed gnybry neeeplithemosues srigayided m the rean gisehiarged in t he
vicinity of the regions P and R of the resin discharge surface 5a in which
none of t hafawezzleast: e sitpnoviidedre tdverdsitioaving tiag efiinficsy mot owt@lobenf
considered as being particularly limted, it is 10 possible to utilize, for

exanpl e, QRRfBIndRBE h&IBens WIRIBE Bfeab®ardsthé SRP&M0AS Brthoginal RABAUAE HRAROr the
li ke, either individually or two or nore in conbination. Furthernore, as
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the like. In particular, a penftane.type conmpound y be preferably used. 15
By t he’ expsiidl Fféfctrﬁétra[??ﬁ‘bmﬁ%&‘%cwe@i’ ﬁl%@ug%&%é]%“; nq7Rigs 40 pelirebatiba n
granul es which have been forned in granular form desirable as snmal

spher es, bygcamesinedsiblg to hmelibtatavatericrgiaon of protimtionrediicrondyadueite noeden. 1t is
possible to utilize these expandable thernoplastic resin granules in the
manuf act uelggingf Gaiteleihgable tophahathcnird gitifesaihicinyre of@aifora gdhape, by
heating themin free space so as to subject themto pre-expanding, then 20
feedi ng t hesedRasshesdedryr Les, into a nold cavity which has the desired
shape, and, after having {ugggﬂkoégther t hese pre-expanded granul es by
steam heating, releasing the final product fromthe nold.



| NDUSTRI AL APPLI CABI LI TY 25 Since, according to the granul ating die
according to the present invention, a 17 structure is enployed in which none
of the nozzles is provided in the resin discharge surface at |least: the
position which are towards the direction of inflow and outflow of water,
and the positions which are towards t hel®i recti ons orthogonal to the
directionggbm.iq%lqggand outflow of water, which are the directions in which
cl oggi ng fosH! §1y 5 occur, therefore it beconmes difficult for

cl oggi ng of the nozzles to occur, so that it becones possible to aneliorate
deterioration of production efficiency due to nozzle clogging, while being
abl e to manufacture granules which are of uniformgranule dianeter and

nmor eover df Higlanglatihg dig.cofPprihat is claimed is: 1. A granulating die
conprising: a resin discharge surface which is provided in contact with a
flow of water, anekin dﬁclﬁt@%@étﬁﬁgc@m}ﬁ&h BRI Nosfkedithatfibwdof WhicRd@ad; of an
extruder and whi ch open 0 said resin discharge surface, and wherein at one
of folkowi ng posi.t.i e 3 i i i i aid
resin gischargeig%?%gggﬁﬁgkﬁggl P@ﬁﬁﬁ%9@#%ﬁ?%P§§é$3§%%P§8§??§Hgﬁg?bﬁ% | ow
and outflow of said fIOM/oE wa and the positions which are towards the

ter,
di rect i ond® 5P¢ KoL isehares wifage. 208 WFERt i on of inflow and outflow of said

flow of water. 2. A granulating die according to claiml, wherein said
nozzl es are arr gheesoldbBeying posyieusrbideasicwne 0f aid inpetles Barovided wpoid sai d
resin discharge surface. 15 3. A granulating die according to claim1 or
claim 2 coegin istlngge surface, a position which is towards directions of inflow and outflow of

said flow of water, and the positions which are towards the directions orthogonal to said

10  direction of inflow and outflow of 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.

15 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.
20
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.

25 5. A granulation device comprising:



resin flow conduits which conmuni cate between said cylinder and said nozzles
being formed in an interior of said die; and a heating nedium fl ow conduit
which is provided for heating a resin within said resin flow conduits. 20
4. A granul ating die according to claim3, wherein an inlet and an outlet of
said heating mediumflow conduit are qrovided inavicinity of positions of
said resin discharge surface in which ﬁhne of said nozzles is provided. 25

5. A granul ati Ogg‘%ﬁwaﬁﬁ%?%{%ﬁ@ﬁﬁe gaj%?la%@%% ating die according to claim

1 or claim2; anextru said granulating die is
attached; and a_chanber ich, hpuses a cutter. which cuts a resin-which is

di schar ged froﬂ?l?ﬁﬂ%eﬁgﬁg?ggd8?“@§%§aﬁﬁﬁﬂﬂﬁgﬁﬁh ed?gﬂgﬁﬁif' | ow of wat er
into contact with said resin 5 dischazaf surface of said granulating die. 6.
A granul ation dethaebeardoithanges dcetaivhich oty p ferar whehosidschyyged Bein f | ow
condui ts which comuni cate between said cylinder and said nozzles being

fornmed i nsaddinozdlerafenidgfraizadatthggtiannd atfiomgoidvaer mnelcdfac vidpdaidigesiedi um f | ow
conduit for heating the resin within said resin flow conduits. 7. A

gr anulsat | AR GR1RE 6PEAN PRinbRigLAtdN 6, wherein an inlet and an outlet of
said heating nmediumflow conduit are provided in a vicinity of positions of

said resin 15 discharge surface in which none of said nozzles is provided.
8. A nethod for nmanufacturing expandabl e thernoplastic resin granul es,

conprisi ng': A granulation device according to claim 5, further comprising:
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 granulating
die according to claim 1 or claim 2 and meiting 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



supplying a thernoplastic resin to an extruder to which is attached a

granul ating die according to claiml or claim2 and nelting and mulling said
“resin; 20 adding a blowi ng agent into said thernoplastic resin while noving
said thernoplastic resin towards sai dlﬁ{anul ating die so as to produce

bl ow ng agent containing resin; and c ing said bl ow ng agent contai ni ng

resin which is bei di scharged fro e . nozzles of said granulating die
within a 1 ohraibomiesma %ﬂgnzﬁmpé?.atbg%thg TSR TRRIE RERIUISS ACSRIAREAR ur ng
expandabl e thernopl astic resin granul es accordi n% to claim8, wherein resin
f 1 ow condéiins 8ywiheraingesimitive aeraluiie whesbreogmingniestt baiheaen amd cyHnder and s2ildes i s
provided within said granulating die, and flow ng a heating nediumin the
heati ng nedizienid pwidedndihih saiddrimddtinagli¢ipnt lewigsh hemindghhedisaiid theesi n f | ow
conduits. 5 10. A method for manufacturing expandabl e thernoplastic resin

granul es %ﬁﬁ%}ﬁié&%rﬁ?Iov@&&idmt%nd\l’{@ﬁh&‘&g;dﬁé‘ rds a%ﬁthﬁ{‘s%@f&sﬂ;ﬁd\%oﬁuié.ai d

heating nmediu | ow condult are provi In vicinity of positions of said
resin 5di scharge surface in which none of said nozzles is provided.

10. 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.





