1 DESCRI PTI ON METHOD FOR MANUFACTURI NG THERMOPLASTI C RESI N EXPANDABLE
GRANULES 5 TECHNI CAL FI ELD The present invention relates to a nethod for
manuf acturi ng thernoplastic resin expandable granules. Priority is clained
on Japanese Patent Application No. 2003-324550, filed 10 Septenber 17,
2003, the contents of which are incorporated herein by reference.

BACKGROUND ART OF | NVENTI ON Cenerallvy, nmet hod for inpregnating a bl ow ng
agent into resin granules that are obtained by suspension polynerization is
wi dely adopted as a nethod for 15 nanufacturlng t hernopl astic resin
expandabl e granul es. However, thi sDHECRBITINAS a problemin that a waste

wat er di sposal plant is required for disposing a |large quantity of waste
wat er containing a suspension stabilizer, a surface active agent, and a

pol ynerization initiator or the |like since the polynerization is carried out

in awater RETHOD FORIMANDELCTURNGEIHORMIME. AT EXPARYARITE Vi el d

of expandabl e 20 granul es having a predeterm ned granule size is | ow because
t he granul es obtained by the nethod size. As a method for solving

t hese problens, a manufacturing net hg’ﬂlﬁpr‘gﬁ extrusion process, in
which a resin nelted and nmulled in an extruder |s extruded froma die that
is fitPed to the end of the extruder so that the resin is cut into gr anul es,

is known. 2
TECHNICAL FIELD

The present invention relates to a method for manufacturing thermoplastic resin
expandable granules.
f Prionty is claimed on Japanese Patent Application No. 2003-324550, filed

10 September 17, 2003, the contents of which are incorporated herein by reference.

BACKGROUND ART OF INVENTION
Generally, a method for impregnating a blowing agent into resin granules that
are obtained by suspension polymernization is widely adopted as a method for
15  manufacturing thermoplastic resin expandable granules. However, this method has a
problem in that a waste water disposal plant is required for disposing a large quantity of
waste water containing a suspension stabilizer, a surface active agent, and a
polymerization initiator or the like since the polymerization is carried out in a water
medium. Furthermore, the method has a problem in that the yield of expandable
20  granules having a predetermined granule size is low because the granules obtained by the
method vary in size.
As a method for solving these problems, a manufacturing method called an
gxtrusion process, in which a resin melted and mulled in an extruder is extruded from a

die that is fitted to the end of the extruder so that the resin is cut into granules, is known.



The extrusion process is classified into two types according to the timng
of cutting the resin into granules. One is a nethod called a hot-cut nethod,
in which the resin is extruded as a string shape fromthe die into
pressurized liquid and cut directly by a rotary cutter attached to the die.
The other is a nethod called a cold cut nethod, in 5 which the resinis
extruded once in the air as a string s@gpe and t hen brought into cool ant
liquid, and the string-shaped resin is Tut after cooling while being drawn
up fromthe coolant. In conparison to the latter (the cold cut nethod), the
former method ({llhe extresioncprocess isheabsificddntpliwo axhea aecosdisg imthe tizning ple
productivity of the expandable granules is high and the obtai ned granul es
are easi | yuhimpdhedsihdnwysenighe Onead a giethod lceled hindt-duaxnethod, inkthiclddes can be
obt ai ned. For exanple, a nethod for manufacturing the thernoplastic resin

expandabl gesiglanthass R 4y be fivhn (B batNReshEAR IRRAPARE URcayigh 8

thernopl astic resin and a ng agent th has a boiling point of -50C to

0C are mulled in_ an extrude .extruded into er, of 2 to 0C. and equal
to or |esd PRELCHET f?ﬁ}?}}g%ﬁ%‘?l&é}@- ahrclj‘ec? erfSa’?]F#)%é 5?15’3& cé’gézﬂft%‘%? Mh the
water (e.g., refer to Patent Docunent 1). In addition, a nmethod has been
proposed iwhigihthe resin 1siexiradgs ense i the atrjag agHinzshaps vl thep brgught iatocopkent ed and
mulled in an extruder, the resin is extruded into heated and pressurized
| i qui d, amhduidiend theistringsshepedadsiatety aftert coohihg whilabeing sraviulgsromehe | y, t he
granules are cooled slowy in a pressurized container, the pressure in the

cont ai ner ch§lag® NMekEAPAThon A9 theafhted Gtht REIILLARENSE), HRORFMESARBOALHE ©
conditions equal to or greater than 40C and equal to or less than a
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10  edges can be obtained.
For example, a method for manufacturing the thermoplastic resin expéndable
granules by the hot-cut method has been proposed in which a thermoplastic resin and a
blowing agent that has a boiling point of —50°C to 6°C are mulled in an extruder,
extruded into water of 20°C to 100°C and equal to or less than 40 atmospheres, and cut
15  into granules directly in the water (e.g., refer to Patent Document 1).
In addition, a method has been proposed in which a thermoplastic resin and a
blowing agent are melted and mulled in an extruder, the resin is extruded into heated and
pressurized liquid, and the resin is immediately cut into granules. Subsequently, the
granules are cooled slowly in a pressurized container, the pressure in the container is
20  released, and aging the granules under temperature conditions equal to or greater than
40°C and equal to or less than a temperature 15°C higher than the low temperature
endothermic peak determined by DSC measurement (e.g., refer to Patent Document 2).

In addition, as a method for manufacturing thermoplastic resin expandable

granules in which, unlike the processes described above, thermoplastic resin granules



3 that do not contain a blow ng agent are manufactured by a hot-cut nethod
and a blow ng agent is subsequently inpregnated into the resin granules to
manuf acture thernoplastic resin expandabl e granul es, a nmethod has been
proposed in which, when the thernoplastic resin is extruded froma nozzle
die into water and cut by a cutter blade that rotates while 5 in close
contact with a die surface to forma sp%erical shape, the resin tenperature
is adjusted such that the viscosity of the nelted resin at a die entrance
is 100 to 50,000 poise and the extrusion rate per nozzle hole is 0.1 to 6.0
kg/ hr (e. gthat doghas contginRablewing dpeuiare mangfactupddtbyrabaationbingthod gnd a lawifgct ur i ng
nmet hod for spherical expandabl e polystyrene 10 resin granules in which

pol yst yr enggeneisistbgfadhtllyampeopnitad itito theresin prangRt e shasufactpd themioplatie

i npregnated with a blowmng agent in a water nedium a nmethod has been
proposed iR.,\wi Il 0 I } resd ith the
Bl oni ng. agentcpfiabRigraiuics”a Hifod TR BAT-bR et R PR R Ra
extrusion hol es, .an ut. In this.method, th shear i speed of the resin
“h the. di SRR e fomanils 42 b shbk ped OFipah SteoB TR M cqual

to or |l ess than 10,000 sec 4, and the apparent viscosity is equal to or
great e t haslosesontaefi wigh adie suefaen totform p sphesisaltshape, Hogeybtawperavg1s refer to
Pat ent Docunent 4). Patent Docunent 1. Japanese Exam ned Patent Application,
Second Pubddjestdd such thdd theS4&oRiBda3hPatedtnd remeat melid er2randaysdné se SUaékam ned

Pat ent Application, First Publication 20 No. HO7-314438 Patent Docunent 3:

Japanese \ngxaHdiRdehiaistinlra®iRl héAld e is70.1 &6 YRt g@(’;‘%l Rfer thPates61- 195808

Pat ent Docunent 4: Japanese Unexam ned Patent Appli Ion, First Publication

Document 3).
i Alternatively, as a manufacturing method for spherical expandable polystyrene
10  resin granules in which polystyrene resin granules containing a conjugate diene polymer
are impregnated with a blowing agent in a water medium, 2 method has been proposed in
which, prior to the impregnation of the resin granules with the blowing agent, the resin is
melted in an extruder, extruded through extrusion holes, and cut. In this method, the
shearing speed of the resin in the die land part is equal to or greater than 2,500 sec™ and
15  equal to or less than 10,000 sec, and the apparent viscosity is equal {o or greater than
150 poise and equal to or less than 700 poise (e.g., refer to Patent Document 4).
Patent Document 1: Japanese Examined Patent Application, Second Publication
No. §48-20423
Patent Document 2: Japanese Unexamined Patent Application, First Publication
20  No. H07-314438
Patent Document 3. Japanese Unexamined Patent Application, First Publication
No. S61-195808
Patent Document 4: Japanese Unexamined Patent Application, First Publication

No. H09-208735



No. H09-208735 4 DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE SOLVED BY THE

| NVENTI ON The Patent Docunents 1 and 2 teach that when manufacturing the
expandable 5 granules by the hot-cut nethod, the selection of the blow ng
agent, the nmethod for <cooling the resin imediately after extrusion, and
the agi ng conditions of the expandable granules after cutting, are
inmportant. In the nmethods disclosed in yhe Patent Docunents 1 and 2, the
expansi on of the granul es cannot be observed during the granule
manuf act ure, and expandabl e granul es whi ch appear to be spherical and have a
favorabl e 10 external appearance can be obtained. However, there is a
problemin that the mechanical strength of a nol ded product obtained by
expansi on- nol di ng these expdPFaBIQSURBAN RVENTIOWerior in conparison to a
nol ded product that is expansion-nol ded usi ng expandabl e granul es obtai ned

by a suspepPrROBLEMS TORE Z3@VED BYWTHE INYENIONKet hod using identical raw
materials. This tendency becones particularly 15 significant when the

granul e di aret errhespRATachefls 1 89 RAM helThark FacAghOBepah 1L et

Docunment 3 teaches t manufacturing the resin gr y using the
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granul es. However, in the Patent Docunent 3, the range of the discl|osed
condi ti on €9ding thecresin|ipnediajgly afler axirugen. rod thergng owditioss sbthegxpadableoad.
When a thernoplastic resin is extruded under general conditions, the nelt
vi scosi ty gatuleshfter chftingsaraiimporarit.hi ki thamgehods Hisclefaria the PrertiDoelimehty when
used in foamed products, the nelt viscosity range in which expandabl e
granul es tDaid NakeedpansiBg ok e FAluRREhAnd BB oBRrARL AirAg he frinmlet defi ned.
{ manufacture, and expandable granules which appear to be spherical and have a favorable
10  external appearance can be obtained. However, there is a problem in that the
mechanical strength of a molded product obtained by expansion-molding these
expandable granules is inferior in comparison to a molded product that is
expansion-molded using expandable granules obtained by a suspension polymerization
impregnation method using identical raw materials. This tendency becomes particularly
15  significant when the granule diameter is equal to or less than 1.5 mm.
In addition, the Patent Document 3 teaches that when manufacturing the resin
granules by using the hot-cut method, the melt viscosity and the resin discharge rate of
the resin passing through the die significantly influence the shape of the granules.
However, in the Patent Document 3, the range of the disclosed condition that the melt
20  viscosity be 100 to 50,000 poise is too broad. When a thermoplastic resin is extruded
under general conditions, the melt viscosity naturally falls within this range; therefore,
particularly when used in foamed products, the meit viscosity range in which expandable

granules that have a superior strength can be obtained, is not defined.

In addition, the Patent Document 4 teaches that when manufacturing resin



In addition, the Patent Docunent 4 teaches that when manufacturing resin 5
granul es by using a hot-cut nethod, the shearing speed and the nelt
viscosity of the resin passing through the die significantly influence the
shape of the granules. However, even if the shearing speed is adjusted so
as to fall in a range between 2,500 sec"' and 10,000 sec", an expandable
granul e having superior strength when uged in foamed 5 products, could not
be obtained. Specifically, the nelt viscosity of the resin becones
significantly | ower when a blow ng agent is present therein, and thus the
suggest i orggarulgs byasing ahatcysmethod fhe shragpg spped apd B sl isersity of theiesdn pat ent
Docunments 3 and 4, which are technologies in which the resin is extruded
wi t hout | massgmntirounh the dik cignifiraate ntfluesarthe shape of theasamiddser dlosesemhen 10
ext rudi ng expandabl e granul es. In consideration of the problens described

above, an Qb fGhe fHeatif®spRe® SAMjustddBoRté @Ml ihe rﬁ:ﬁ%eﬁe%&eﬂ@,ﬁ)mﬂﬂﬁﬁ&t uring
nmet hod for thernoplastic resin expandable granules that have a spheri cal
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order to attain the objects described above, the present invention is a
manuf a tuﬂ“ﬂﬁwﬁeﬁﬂﬁﬁn? e‘ﬁﬁ%?ﬁﬁplastic resin expandabl e granul es in which: a
bl owi ng agent is injected under pressure into a thernoplastic resin that
has been nel t ed Spaci&palbothexmeludscosity hethewesiebecomes nigodisaatinlomgr when bl owi ng
agent is extruded directly into a coolant |liquid through a | arge nunber of
smal | hol eédowingageéhtas plagdnt tierdinSind thiesdh©sugaedions £r révilvistosity Aad ekdaridger ,

this extrudate is cut by high-speed rotary bl ades; and the extrudate is
cool ed speed disclosed in the Patent Documents 3 and 4, which are technologies in which the
! resin is extruded without impregnating a blowing agent, cannot serve as references when

10  extruding expandable granules.

In consideration of the preblems described above, an object of the present
invention is to provide a manufacturing method for thermoplastic resin expandable
granules that have a spherical shape and uniform diameter, and enables the
manufacturing of foamed products having a superior mechanical strength.

15
MEANS FOR SOLVING THE PROBLEM

In order to attain the objects described above, the present invention is a
manufacturing method for thermoplastic resin expandable granules in which: a blowing
agent is injected under pressure into a thermoplastic resin that has been melted in an

20  extruder; the melted resin containing the blowing agent is extruded directly into a coolant
liquid through a large number of small holes of a die that is installed on a distal end of
the extruder, this extrudate is cut by high-speed rotary blades; and the extrudate is cooled

and solidified by bringing the extrudate into contact with a liquid to obtain expandable

granules, wherein the resin is extruded so that the shearing speed of the melted resin



and solidified by bringing the extrudate into contact with a liquid to

obt ai n expandabl e granules, wherein the resin is extruded so that the
shearing speed of the nelted resin 6 containing the blow ng agent is 12,000
to 35,000 sec-1, and the apparent nelt viscosity of the resinis 100 to 700
poi se when the resin passes through |and parts of the small holes of the
die. Preferably, in this nethod, the dignmeter of the small hole is 0.5 to
1.0 mMm and 5 the die is used whose small holes have a land length of 2 to
4 mm Preferably, in.this netho en olystyrene resin is used as the

t her nopl as‘fqnéam’?y‘%él?ﬂ?lmfvﬁ’@ 4eER lﬁq%gﬁ@& ’Qfﬁ)es%t’ %‘H%éec%pé’ggcnp’ﬁ‘?@ IHRSHiY s set
in a range between 150C and 180C. Preferably, in this nethod, when a

pol yet hyl ethe rgsisisd 00 4o ae%wla%wmethwesemeasmﬁﬁ@ygh dand partyof thp smal dples
tenperature at an access into the die is set in a range between 130C and
160C. Prefefithbldie, in this nmethod, when a pol ypropylene resin is used as the
thernopl astic resin, the resin tenperature at an access into the die is set

in arange bet W) in 416 metIE: thd diaklelds 6f theGmalltold NYENG I AAEGAGdI ng to

the nethod of the present invention, it is possible to carry out
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cool i ng, sin extr ng an Ot-cut nethod, and it

is possible to manyfacture 20 expandabl e granul es, havi ng uni f or ranul e
di ameter effici el?ﬂefeygblys an simerhor, when 2 PRI SERG PSS 5 aﬁ%&‘s@ﬁ'frn‘?ﬁ;%ﬁgﬁt i on,

when extrudi ng the nelted _ _ _
resin, the resin temperature at an access into the die is set in a range between 150°C and

180°C.
i Preferably, in this method, when a polyethylene resin is used as the
10 thermoplastic resin, the resin temperature at an access into the die is set in a range
between 130°C and 160°C.

Preferably, in this method, when a polypropylene resin is used as the
thermoplastic resin, the resin temperature at an access into the die is set in a range
between 180°C and 210°C.

15
EFFECTS OF THE INVENTION

According to the method of the present invention, it is possible to carry out
continuously melting of the resin, adding the blowing agent, mulling, cooling, and
granulation by using an extruding and hot-cut method, and it is possible to manufacture

20  expandable granules having a uniform granule diameter efficiently.

In addition, in the method of the present invention, when extruding the melted
resin containing the blowing agent, by controlling the shearing speed and the melt
viscosity of the resin in the land parts of small holes of the die within a particular range,

it 1s possible to manufacture stably expandable granules from which an foamed product



resin containing the blow ng agent, by controlling the shearing speed and
the nelt viscosity of the resin in the land parts of small holes of the die
within a particular range, it is possible to manufacture stably expandable
granul es fromwhich an foanmed product 7 can be obtained that has a
mechani cal strength equivalent to an foaned product obtained by expandable
granul es that are obtained by the susper¥si on pol ynerization inpregnation

met hod, which is difficult in the conventional hot-cut nethod. 5 BRIEF

DESCRI PTI O, Ghe SoRaNY t}fatsgi‘ éehhficdl s JS{P%H%@[%ﬁaﬁéﬂt‘?%"aﬁ ROy {hc%@t%' g of a

manuf act ur rng appar at us i's use a nanuf ring et hod

for thernoplastic¢ resin ex nda(b#? Ies of .t he present |nvent|on FI G
2 is a | onBY EXRAnAahic gragules Eﬂme%t %WW“&?P SHASLIAn YRPLERtOn s e d
10 in the manufacturing apparatus. FIG 3 is a graph showi ng a relationship
bet ween t hmethodewhichns quffiqplitin ¢ife qomeentiopsl hotgyeniethod. manuf act uri ng t he
expandabl e granul es and the strength of a nolded product. FIG4 is a graph
showi ng a rel ati onship between the resin tenperature during 15 the

manuf act ur e of t he expandable granules and the strength of a nol ded product.
FIGS i ap gﬁﬁﬁﬂ@ {p between the resin nelt viscosity
during the manuf act ur e of the expan abl e granul es and the strength of a

nol ded product. a qr owi n are onship bet ween

Shear i ng speed dii g Al SRR FAREh SRS AR B ATPRE g ¢ ne
strength of a nolded product. 20 FIG 7 is a cross-sectional view show ng
anot her extbisdised togmplesnens a gnanpfachising mathadsior thermeplagisaesn gxpandable

granules of the present invention.
( FIG. 2 is a longitudinal cross-sectional view showing an example of a die used
10  inthe manufacturing apparatus.

FIG. 3 is a graph showing a relationship between the molecular weight of the
resin used for manufacturing the expandable granules and the strength of a molded
product.

FIG. 4 is a graph showing a relationship between the resin temperature during

15  the manufacture of the expandable granules and the strength of a molded product.

FIG. 5 is a graph showing a relationship between the resin melt viscosity during
the manufacture of the expandable granules and the strength of a molded product.

FIG. 6 is a graph showing a relationship between the shearing speed during the
manufacture of the expandable granules and the strength of a molded product.

20 FIG. 7 is a cross-sectional view showing another example of a die used in the
manufacturing apparatus.

FIG. 8 is a view taking along a line II — I of FIG. 7.

FIG. 9 is an exploded view showing a tubular conduit portion of the die shown

in FIG. 7.



FIG 8 is aviewtaking along a line Il - Il of FIG 7. FIG9 is an expl oded
vi ew showi ng a tubul ar conduit portion of the die shown in FIG 7. 8 BRIEF
DESCRI PTI ON OF THE REFERENCE 1: extruder 2, B: die 5 3, 112: cutting

chanber
tank 7:

4. water-feeding punp 5. dewatering-and-drying device 6: water
chanmber 10 11: raw nmaterial supply hopper 12: bl ow ng agent supply

opening 13: high pressure punp 31: cutiger 101: die holder 15 102: nelted
resin conduit 103: die holder part heater 104: bolt 105: die mai n body
105a: resin-discharging surface 20 106: rod heater 107: tubular conduit

10

15

20

BRIEF DESCRIPTION OF THE REFERENCE
1: extruder

2,B: die

3, 112: cutting chamber

4: water-feeding pump

5: dewatering-and-drying device
6: water tank

7: chamber

11: raw material supply hopper
12: blowing agent supply opening
13: high pressure pump

31: cutter

101: die holder

102: melted resin conduit

103: die holder part heater

104: bolt

105: die main body

105a: resin-discharging surface
106: rod heater

107: tubular conduit

108: small hole

109: cutter rotating shaft

110: cutter blade support member



108: small hole 109: cutter rotating shaft 110: cutter bl ade support nenber
9 111: cutter knife 113: circulating liquid inlet 114: circulating liquid
outlet 115a: heating nmediuminlet 5 116a: heating nediumoutlet 117:
heati ng medi um conduit P, Q and R area BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON 10 Bel ow, the present invention will be explained wth reference
to the drawings. The present inventiongwas conpl eted based on the know edge
that significant differences occur when expandabl e granul es, which have
been obt ai ne lbgtﬁ¥ ﬁ@atically varying the shearing speed and the apparent
mel t vi scosi y'd* e fesin when the resin passes through the die, are
expansi on-no) ded into var{ous plate shapes and their strength 15 is

measur ed. Inhgh@“ﬁ@¥H6 “HF1W§% present invention, a blowi ng agent is
injected under pressure into a thernoplastic resin that has been nelted in
an extruder, lldheirquidtingdiguiskouilet cont ai ni ng the bl owi ng agent is extruded
directly into a coolant liquid froma |large nunber of small holes in a die
instal |l ed onll3adtheating medimnoinidthe extruder, an extrudate is cut 20 as it is
extruded by high-speed rotary bl ades, and the extrudate is cool ed and

hardengd by H%Qﬂ&%ﬁﬁ%ﬂﬁdﬁh{&nﬁt|iqUid to obtain expandabl e granul es. The
extrudate is extruded so

, 117: heating medium conduit

P, Q, and R: area

{ BEST MODE FOR CARRYING OUT THE INVENTION
10 Below, the present invention will be explained with reference to the drawings.

The present invention was compieted based on the knowledge that significant
differences occur when expandable granules, which have been obtained by systematically
varying the shearing speed and the apparent melt viscosity of the resin when the resin
passes through the die, are expansion-molded into various plate shapes and their strength

15  is measured.

In the method of the present invention, a blowing agent is injected under
pressure into a thermoplastic resin that has been melted in an extruder, the melted resin
containing the blowing agent is extruded directly into a coolant liquid from a large
number of small holes in a die installed on a distal end of the extruder, an extrudate is cut

20  asitis extruded by high-speed rotary blades, and the extrudate is cooled and hardened by
contacting with a liquid to obtain expandable granules. The extrudate is extruded so
that, when passing through land parts of the small holes of the die, the shearing speed of
the resin is 12,000 to 35,000 sec-1 and the apparent melt viscosity is 100 to 700 poise.

A feature of the present invention is in the point that when the thermoplastic



t hat, when passing through | and parts of the small holes of the die, the
shearing speed of the resinis 12,000 to 35,000 sec-1 and the apparent nelt
viscosity is 100 to 700 poise. A feature of the present invention is in the
poi nt that when the thernoplastic 10 resin containing the blow ng agent is
extruded fromthe snmall holes, the shearing speed and the apparent nelt
viscosity of the resin in the land partgpof the small holes are strictly
controlled, and this control becomes possible only by sinultaneously
adjusting bath the., structure of the die, .in particular, the dianeter and
the T and I BRBcRnGming b Barng age s Suneeaad BEimAERYRL BdtrteE iR a or e
during extrusion. In the die suitable for use in the present invention, the
di anet er ofnditheappeggnt melfgiiscesity efthesasitnntthland parts ofgheisraalhbelgbareisgictlys t o
1.0 mmand the land length "a" (refer to FIG 2) of the small holes is 2 to
4 mm Fl G cdntrelledyand thiezanml beaines possitda uhladtysimuaitanapysty adjustingsedh the

i npl ement the 10 manufacturing nmethod for the thernoplastic resin

expandabl estgicans bede Ale, iNParBERRC He didn & Hnll A ladd RNEBNVITRCiHAI RlefRRAT at Us
is constituted of. an eéxtruder 1 that has a raw material supply hopper 11

and a %Iow&p@aﬁgﬁ%ﬁﬁgﬂﬁgk%ﬁ§¥§$}gg@%gﬁﬁggé is connected to a high pressure

punp 13; a are a on-a stal end of the extruder 1; a
cutting chanber 3 that rotatably accombdates a cutter 31 fhat ig in close
contact with a 18 th%gseﬁumﬁ%ﬁw@? H’g‘ﬁgBWF%{Eé"’&%’tl?rhéhf‘délém?teéﬂéithﬁé@ n inlet

and an outlet for a circulating liquid, a water-feeding pu 4 that feeds
t he ci r cul kalesigomivduihithe gesithis dswhangedjisdhateble? nan andithgdavat length Ga'atretedtoyi ng
device 5 to which the expandabl e granules and the circulating liquid are

fed and t hBRG epof thesmalihokols Dtol4 @i d separation; a water tank 6 that stores
the circulating liquid; and a chanber 7 into which the dried expandable
gr anul es are 20 £RNYQK&KHs an example of the manufacturing apparatus used to implement the
10  manufacturing method for the thermoplastic resin expandable granules of the present
invention. The manufacturing apparatus is constituted of: an extruder 1 that has a raw
material supply hopper 11 and a blowing agent supply opening 12 that is connected to a
high pressure pump 13; a die 2 that is installed on a distal end of the extruder 1; a cutting
chamber 3 that rotatably accommodates a cutter 31 that is in close contact with a
15  resin-discharging surface of the die 2 and has an inlet and an outlet for a circulating
liquid; a water-feeding pump 4 that feeds the circulating liquid to the cutting chamber 3;
a dewatering-and-drying device 5 to which the expandable granules and the circulating
liquid are fed and that carries out solid-liquid separation; a water tank 6 that stores the
circulating liquid; and a chamber 7 into which the dried expandable granules are
20  conveyed.
In the method of the present invention, a general-purpose extruder can be used
as the extruder 1.  For example, a single shaft extruder, a two-shaft extruder, or two

single shaft extruders connected together may be used, or a two-shaft extruder in a first

stage connected to a single-shaft extruder in a second stage may be used.



In the nethod of the present invention, a general-purpose extruder can be
used as the extruder 1. For exanple, a single shaft extruder, a two-shaft
extruder, or two single shaft extruders connected together nay be used, or
a two-shaft extruder in a first stage connected to a single-shaft extruder
in a second stage may be used. 11 FIG 2 is a drawi ng showi ng a | ongi tudi nal
sectional view of the die 2 that is usegqyin this manufacturing apparatus. In
FIG 2, the reference nuneral 21 denotes a resin pressure detecting part,

22 denote nmal | es, ,23.denotes a, di e face rf ace, d .."a" denotes the
Fand length of (F 2t prenieonmies (aaimipt qetioner oe et Heied e 5 nel t oq

in the extruder 1 is nmulled with a blow ng agent that is injected under
pressure w&eémtm%mamefﬁﬁtngnamatwp;swl@;g’etherrgfexezxce pum@h?-{ denoiis adi e 2
after being cooled, and extruded fromthe small holes 22 into the cutting
chanber 3. redingremiteaidtecang part, Qrdeadtns sroalt hded) 28 engeagdintfadesuefate, aadd from
the small holes 22 to contact the <circulating liquid inside the cutting

chamber 3, «enbtal thedadIGhdth bt leSnNaRfsbY ThO thetHbpIRstickesiB heatéPsqed into a
spherical shape in the Iiquid, and cool ed. The expandabl e granul es that
|

have been f d . in spheria ha i-n e.gircu ' Iquli re sent
to t he%edewg{tee linrltg‘E %’aﬂﬁﬂ 5 ?Sﬁa‘l@%{/\“i}éagﬁ’ wé%a%nf gnral[’ {Sﬁb%ét%%g?\%é%rég&gr?anul es
have been sepayated. fromthe circulating |iquid,  the e dried and stored
in the chaﬁﬁ@rt{le/blowmna FgenpUpPly Oﬁeﬁ@géﬁeﬁ?fﬂwﬁ@ﬁ}é“e@e?ﬁ@%‘%ﬁ Foierl gad ¢

t hrough which the nelted resin 15 containing the bl ow ng agent passes is
cal cul at edexsgnded &rofrotht smath oleg A2 into thelcutting-chginbémd.3) The melfed)rester e, " T"
denotes the shearing speed (sec -1), "q" denotes the volunme of the resin

di schar ge ¢atining M 5ewingR@entio betrudel fronfi@e iRl hHols 20aé tentadt thehe

circunference of a circle to the dianeter, and "r" denotes the radius (cm
of the smalifcyfhgSiquid inside the cutting chamber 3, cut into a short flake shape by the cutter
10 31, formed into a spherical shape in the liquid, and cooled. The expandable granules
that have been formed into a spherical shape in the circulating liquid are sent to the
dewatering-and-drying device 5, and after the expandable granules have been separated
from the circulating liquid, they are dried and stored in the chamber 7.
In the die 2, the shearing speed in a die land part through which the melted resin
15 containing the blowing agent passes is calculated by the following equation 1:

=4q/ (m13) ... (1)

Here, "t" denotes the shearing speed (sec™), "q" denotes the volume of the resin
discharge rate (cm’/sec) per hole, "n" denotes the ratio of the circumference of a circle to
the diameter, and "r" denotes the radius {cm) of the small holes.

20 In addition, the apparent melt viscosity of the resin is calculated by the
following equation 2:
n=(APmgrd-py (8QL) ...(2)

Here, "n" denotes the apparent melt viscosity (kg/(cm-sec)), AP denotes the

pressure loss (kg/cm2) of a small holes land part, "z denotes the ratio of the



20 In addition, the apparent nelt viscosity of the resin is cal cul ated by
the follow ng equation 2: 1)= (AP-rrgrdp)/ (8Q) ... (2) Here, "11" denotes
the apparent nelt viscosity (kg/(cmsee)), AP denotes the pressure |oss
(kg/cnm2) of a small holes |and part, "a" denotes the ratio of the 12
circunference of a circle to the dianeter, "g" denotes the gravitational
acceleration (cnisec2), "r" denotes thegaradius (cm) of the small holes, "p
denotes the resin density (kg/cnB), Q denotes the resin mass di scharge rate

per small hole (kg/segc),. an enotes, ,the land length (c of. the snall
ol es 5 nEraTRbHEPEEEA prdlf o dRBRl ey e 8P Be st ol B cbhown by
reference nuneral 21 in FIG 2 is used as the value of AP, and the val ue of
"g" is 9, sbesplyerxdenofes thegafiup oam) ¢fdbasnadll heles, Spradanofesithissresin dgpsitthe die 2
do not necessarily all discharge the resin effectively, the effective
nunber of Ha/@s3) Qrdenales theatsinmassdischndzeQaiespec shallihale €kig/koe), amddsdembteg t he
mass of 1, 000 obtai ned expandabl e granul es, and the average val ue thereof 10

serves as {fegaifleHgth (SHRHEHE siBB Boled Ne nunmber of holes effectively working
is calculated by conparing the actual granule mass with a theoretical

granul ex mass val ye... . T I . i ated from
t he mas5s of the %é? %oiégeg%lpﬁgéﬁét%&?t! %%Esglg‘%’%tﬁ%é;?@sﬁn%?rh 0 OLII)Sr rg%g&[léke nunber of
cutting per hou e.cutter 31 he rotatjon .nunper, .per _hour x_ the
unber o - Bwpeel 25 th BEE A v andle value st md B Rl SB00RRsey
effectiveli/ wor Ki n%. Accor di ngi to the equation (1), the shearing speed ", r"
i s proport loadditiany beqaase digismall alen £2 of theglie 2 danot recefisaslyallghsrhprggone smal |
hol e 22, and inversely proportional to the third power of the radius "r" of
the smal | Fksiredfe’Bvelyjahecfiédnioe anbed ofthokp daccatdulating "g'eaid ) is calculated by

{ measuring the mass of 1,000 obtained expandable granules, and the average value thereof
10  serves as the actual granule mass. The number of holes effectively working is
calculated by comparing the actual granule mass with a theoretical granule mass value.
The theoretical granule mass value is calculated from the mass of the resin supplied to
the extruder 1 per hour and the number of cutting per hour by the cutter 31 (the rotation
number per hour x the number of cutters), assuming that all of the small holes 22 are
15  effectively working.

According to the equation (1), the shearing speed "t" is proportional to the resin
quantity "q" that is discharged from one small hole 22, and inversely proportional to the
third power of the radius "r" of the small holes 22. Here, the shearing speed of the resin
when passing through the small holes 22 influences the shape of the obtained granules.

20  In order to obtain granules having a true spherical shape with uniform diameters, it is
necessary to maintain the shearing speed in a range of 12,000 to 35,000 sec-1. When
the shearing speed is less than 12,000 sec-1, the granules acquire a distorted shape, and
when these granules are expanded, the expanded granules acguire a flattened disc shape.

In addition, when the shearing speed exceeds 35,000 sec-1, cutting by the cutter 31 is not



when passing through the small holes 22 influences the shape of the obtained
granules. 20 In order to obtain granules having a true spherical shape with
uniformdianeters, it is necessary to maintain the shearing speed in a
range of 12,000 to 35,000 sec-1. Wien the shearing speed is |less than
12,000 sec-1, the granules acquire a distorted shape, and when these
granul es are expanded, the expanded grapil es acquire a flattened di sc shape.
I n addition, when the shearing speed exceeds 35 000 sec-1, cutting by the

cutter 31 is rahl e, burr |ons are rod ed on the
granul es, Eaﬁamg %‘Fl l’ﬂ‘f aﬂ’r@ﬁ%‘OHF é‘:‘flpﬁo‘gi g‘g r's‘mf BRAPRYYF ? ®the rate
of di scharge of the resin fromthe small holes 22 can be si rrply adj usted by
usi ng a di tesin algposreursdreguenttyf hol es depends on the anount of resin supplied

5 per hour to the extruder 1, and the dianeter of the small holes 22 nay be

0.5to 1.0 mMm VHerm, thbeatdioadﬁtlwfg@mnedsinlfr&nmsnhatll ldesPeandiefsfslyl t to
adj ust the shearing speed equal to or greater than 12,000 sec-1, and

al ternativgl Mstede‘gf Tlh?é il Hos% rﬁﬁ{ﬂg} of Holes%ggﬁfﬁ%nq}né BIhGﬁﬂttof Yé%lr?ﬂPHﬁéd the

sheari ng sp o or |less 35 000 sec-1. This |s not eferabl e.

2 Toanbd PranileaeH AR iRt BrtRBERL AR cubl BERS A R R EF Rfsfzraﬁ’[)”y““' o

expansion, it is _necessary_to maintai n t he, appar ent rrelt Vi scosMy of the
resi n when“Wggdhgdjamptepexsedsnkl mipgt becg@p@@f@gﬂb@ta\%hthg@beap@gﬁmja poi se.
According to the above equation (2), the apparent nelt viscosity is
proporti onedqual @ ar@eqmrehmkbOOQRs-lAﬂldMitehmtichb, whei lesd thapASgnmgit 15 t hr ough
the small holes 22, that is, the resin pressure in the die. The adjustnent

of this rebédonies eFhLIELO T#ssaﬂ{elsﬁéhrmgtsp&\d ¢3@hltth 8 1ds5 thah B81DE0D 8éiT.e Dhis ist he
resin during extrusion. e higher the tenperature becones, the |ower the

gesin not preferable.

10 In addition, in order to obtain spherical expandable granules from which a
foamed product having a superior mechamcal strength is obtained by expansion, it is
necessary to maintain the apparent melt viscosity of the resin when passing through the
small holes 22 between 100 to 700 poise. According to the above equation (2), the
apparent melt viscosity is proportional to the pressure loss AP while the resin is passing

15  through the small holes 22, that 1s, the resin pressure in the die.

The adjustment of this resin pressure is carried out by setting the temperature of
the resin during extrusion. The higher the temperature becomes, the lower the resin
pressure becomes, which in turn causes the melt viscosity to become low. In addition,
the resin melt viscosity during extrusion can also be adjusted by the land length “a” of

20  the small holes 22. In order to simplify the adjustment of the melt viscosity, preferably
the land length “a” of the small hole 22 is 2 to 4 mm. When the land length “a” exceeds
4 mm, the resin pressure at the small holes 22 becomes high, and thereby the resin
temperature adjustment for maintaining the proper melt viscosity range becomes difficult,

which is not preferable. In addition, when the land length “a” is less than 2 mm, the



pressure becones, which in turn causes the nelt viscosity to becone low In
addition, the resin nelt viscosity during extrusion can also be adjusted by
the land length "a" of 20 the small holes 22. In order to sinplify the

adj ustnment of the nmelt viscosity, preferably the land length "a" of the
small hole 22 is 2 to 4 mm Wen the land length "a" exceeds 4 nm the
resin pressure at the small hol es 22 bebkpbnes high, and thereby the resin
tenperature adjustnent for maintaining the proper nelt viscosity range
becones diff | LR\ ST BN r I . | and

| engt h "a"ﬁ%%grggge?%ghﬁﬁhﬁ%ﬁmﬁﬁgﬂ%ﬁgﬁ¥%%%ﬁ% h@ﬁg ré%?gm?%ﬂ?ﬁgh%o e portion
deteriorates, .and the shape Eﬁ,the s%ze f the cut granul es becone uneven,

whi ch is ngRNYeLhespmsuBevap, Whichisnorretetabecosity is |ess than 100 poi se,
suppressing the expansion of the granules during cutting becones difficult,
adhesi on bet weenWhpethsuneltjvisensite & less thapub¥poises suppiesoing thetaxpaesiqy efrib es are
expansi on- nol ded, only a nol ded product having a weak nechani cal strength

can be obtghmees dudidgaiittitig beebites diffeunlt] fdhesioh betwese di duy glakaleeiauséd) poi se,
al t hough granul es becone ones from which the foaned products obtai ned by

expansigon-. ool G i R c , the
FON- 4 m&%mm@}éggﬁ&tpﬁés@gpand € §A1¥ 3&&?2@* é}ﬁm 'Baﬁﬁ%ﬁ%ﬁﬂ

shape becones disto ed g at expand into these

foamed products. 10 b | hes. Thus, .the fil : i
I N e N N T S

of the expanded granul es that appear at the  surface of the nplded products
are uneven/00heise; ploueh geannles besames enes igppwhich thefopmed produgts ebangab¥.  The
range of the apparent nelt viscosity is nore preferably 200 to 500 poise.
15 Exanpl esxpafisi¢iarofdipg hatei acsupersornsechhmtal ceangile whee dxpanded ehquhepent
invention, while not particularly limted, are: polystyrene,
st yr ene/ bupeeme Gistored) AndBRSexpanded granules that expand into these foamed products
10 become flat granules. Thus, the filler properties deteriorate when filled into molds
during molding, the size and the shape of the expanded granules that appear at the
surface of the molded products are uneven, and therefore the external appearance is not
preferable. The range of the apparent melt viscosity is more preferably 200 to 500
poise.
15 Examples of thermoplastic resins that can be used in the present invention, while
not particularly limited, are: polystyrene, styrene/butadiene copolymers,
styrene/methacrylate copolymers, styrene/maleic anhydride copolymers, aromatic vinyl
resins such as AS resins and ABS resins, vinyl chloride resins such as polyvinyl chloride,
polyvinylidene chloride, vinyl chloride/vinyl acetate copolymers; olefin resins such as
20  polyethylene, polypropylene, polybutene, polyethylene-vinyl acetate copolymers; acrylic
resins such as polymethy! acrylate, polyethyl acrylate, and methyl methacrylate/styrene
copolymers; polyester resins such as polyethylene terephthalate and

polybuthylene-terephthalate; amide resins such as polycaprolactone and poly

hexamethylene adipamide; and separately or in compounds of polyurethane,



styrene/ net hacryl ate copol yners, styrene/ mal ei c anhydri de copol yners,
aromatic vinyl resins such as AS resins and ABS resins, vinyl chloride
resins such as polyvinyl chloride, polyvinylidene chloride, vinyl

chl oride/vinyl acetate copolyners; olefin resins such as 20 pol yet hyl ene,
pol ypr opyl ene, pol ybutene, polyethyl ene-vinyl acetate copol yners; acrylic
resins such as polynethyl acrylate, polyggthyl acrylate, and nethyl

nmet hacryl ate/ styrene copol yners; polyester resins such as pol yet hyl ene

t erepht hal atg and ol ybut hyl.ene-t erepht hal ate; am de r.esi.ns such as

pol ycapr ol 886’8‘?@0% pﬁ%’ﬁé‘“%@ﬁ%ﬁé’i“ﬁ%ﬂg’eﬁ%ﬁaﬁd&g’?y E?HHC 88far é@“ﬁ%lﬁse’i n
conpounds of pol yurethane, 15 pol ycarbonate, polyetherim de, polyphenyl ene
et her, and apaic|vamsliresinscand oleAinonging tre perticulyrlywdvangalgonsl resins and ol efin
resins are particularly advangat eous. Exanples of blow ng agents that can be
used in the pres&aampleyefiblooingagents tiudticphbd used iy thequesehomsergionlaras pr opane,
nor mal but ane, isobutene, normal pentane, 5 isopentane, neopentane, and

cycl opent agfiphait hlfocabbRs fhal Fﬁipaﬂé, nBihabuing isibRtdhé! nd¥hiAPpentafRl | OUs
al cohol s such as fret hanol and ethanol; and carbonic acid gas, nitrogen, and

: : h i ¢ hyd ) d
Far  her tror SoptRERS pefisftle, ATV BRI ERERAPH A GBREOhAER ™ oo

pent ane, or isopentane are articularly advantageous. The added anmount of
the bl owi n§thsgeatiossaicdliols ek angsthape! apg eH@e?lrearscg@r%b“emgﬂ@%amgﬁ% tar get
expansion ratio of the expandabl e granules, but generally, a range of 2 to
15 parts byndwaght AHmong dEsqahd dipbygtinkydyitariyins aesidvantsgequs.aind fuithesmore,
Preferably, a bubble nucleating agent, which is for adjusting the bubbles

when the expedielail én @ndfiings noxhdNthtank SiscutgRUNGRA] pétitshel BEistRatane are
conposition used in the 15 present invention. Exanples of the bubble

pucl eat i ng paGeiarlly A8vartrolE UHRAd@Lamount of the blowing agent can be increased or

10  decreased depending on the target expansion ratio of the expandable granules, but
generally, a range of 2 to 15 parts by weight per 100 parts by weight of resin is
preferable.

Preferably, a bubble nucleating agent, which is for adjusting the bubbles when
the expandable granules expand, is compounded into the resin composition used in the

15  present invention. Examples of the bubble nucleating agent that can be used are
powders such as talc, calcium carbonate, magnesium carbonate, diatom earth, calcium

stearate, magnesium stearate, barium stearate, zinc stearate, aluminum stearate, silica,

——

and Teflon (trademark) powder, in addition to sodium bicarbonate, citric acid, and
azodicarboxamide. However, among these, preferably 0.2 to 2.0 parts by weight
20  powdered talc is added to the resin.  In addition, a flame retardant, an antistatic agent, a
coloring agent or the like may be added.
The temperature of the melted resin differs depending on the type of resin that is
used, and preferably the temperature of the expandable resin in the access into the die is

adjusted to 50 to 100°C above the melting point of the resin.  In addition, it is necessary



powders such as talc, cal cium carbonate, magnesi um carbonate, diatom earth,
calcium stearate, nmagnesium stearate, barium stearate, zinc stearate,

al um num stearate, silica, and Teflon (tradenmark) powder, in addition to
sodi um bi carbonate, citric acid, and azodi carboxam de. However, anong
these, preferably 0.2 to 2.0 parts by weight 20 powlered talc is added to
the resin. In addition, a flame retardant, jgn antistatic agent, a coloring
agent or the |like may be added. The tenperature of the nelted resin differs
depending on the type of resin that is wused, and preferabl the te erature
of the expantﬂa@ﬂéﬂc%ébﬁ: Fesimdiresdly dloeslaquiths thah thegparuded staimgcrdpper epandabl

100C above the nelting point of the resin. In addition, it is necessary 16
to extrude thsin ésdsmotlexgaidl y Prefeabhy, theqem@eramre bﬁthetlhpli@userduﬁeduis resin
string-shaped expandabl e resin does not expand. Preferably, the tenperature

of the Iiquidydigsds g&ﬁgDhb?Ob@ I&NerQRﬂqtﬁ@tres!n?t erzliggi ét%@@&’:@sé PYethelghan the

resin terrperature at the access Into exarrp If the resinto

be used is a styrene resin, ..t, is.n ssar eat resin to, abqut
e e o ot Y el EERhl. e R AR RERBIA s 2R i 1 RS BPR
tenperature of the resin in the access jnto the die is preferably as |ow as
possi bl e 5 wi rasimtorgheut My I339°Gsp dhetihwilk gl compidiay de Siaexdiodsr hot However,
deteriorate, preferably about 150 to 180C. The tenperature of the liquid
used to cool thehempesiture af tHelreSintin the dcsespintoahabie)is paderabl ya3Tow\Mpassieleer | s
suitable as the Iirquid. 10 At this time, when the tenperature of the liquid

I's too high, wifieh B3R vﬂ%ﬁ&?fh@ ﬂc&ﬂ&f fhd rE4h Hbé@n&%te@fé%é %rkﬁg@&ljﬂ%out Whh ch

is not preferable. Alternative he tenperature of the liquidis
ooy | e Bl SR, AR PP R Bt B 00
the resinto be0 ggo%d i \%agn %%Ite%?;t Q%{a%ﬂeeasrtgglhgm(dt he proportion
10 At this time, when the temperature of the liquid is too high, the granules expand
during cutting and adhere together, which is not preferable. Alternatively, when the
te.mpe;;ture of the liquid is extremely low, the resin iI-l the small holes 22 solidifies and
the clogging of the small holes 22 occurs, which is not preferable.
In the case in which the resin to be used is a polyethylene resin (the proportion
15  of the polyethylene in the resin as a whole 1s equal to or greater than 50%), the
temperature of the resin in the access into the die is preferably about 130 to 160°C, and
the temperature of the liquid used to cool the resin at this time is preferably 20 to 50°C.
Furthermore, in the case in which the resin to be used is a polypropylene resin
(the proportion of the polypropylene to the resin as a whole is equal to or greater than
20  50%), the temperature of the resin in the access into the die is preferably about 180 to
210°C, and the temperature of the liquid used to cool the resin at this time is preferably
40 to 70°C.

The expandable resin that has been extruded directly into the resin coolant liquid

is cut immediately after being extruded into the liquid by the cutter that rotates in close



15 of the polyethylene in the resin as a whole is equal to or greater than
50%, the tenperature of the resin in the access into the die is preferably
about 130 to 160C, and the tenperature of the liquid used to cool the resin
at this tine is preferably 20 to 50C. Furthernore, in the case in which the
resin to be used is a polypropylene resin (the proportion of the

pol ypropylene to the resin as a whole i equal to or greater than 20 50%,
the tenperature of the resin in the access into the die is preferably about

180 to 210C, and,the tenperature of e liquidu to cool .the resin at
this ti rrec?@a%r"@fhetﬁlﬁgf“y{gpﬁﬂn G° ‘Fﬁffoorll%emg"}%éﬁ’ﬂﬁ‘ﬂaag’q?%@f‘ °thaf s been
extruded directly into the resin coolant liquid is cut immed ately after

bei ng ext MaaBRY, based on gentrglling thegyiresien eanditions vrithin amanprensiatayrapgedhe 17

contact with the die face surface and cool ed to form expandabl e granules. In

thi s mannanpfabasedgramleont rivhdst agnplbelyespheticdl and hordidmaes sliglthi largen
appropriate range, the manufactured granules are al nost conpletely

spheri cal yandhd@¥Rett 8MBleHoRes $A tHaMid. Y TRIABindabRaRaru afd @RERId Mbngd he hol es

in the die. The expandabl e granul es are conveyed along 5 with water through

condui 5S “ﬁi‘ﬂ%eﬁérttgfoblzgi gxgc%u(iit%%td%rﬂgpbeahggg%gét r%g raﬁ({ﬂ) gll'ngl?gxl% IanJeomf% a Pl oduct. To

manuf act ure f oane Cts by noldin c resin expandabl e
granul es obtai ned by the nethod described above in a nold, it is possible to
use convBM%ehal well - known expansi on- nol di ng nmet hods and appar at uses. For
exanple, 10 in the case in which the resinis a styrene resin, the

pr e- expanded gr Anmapsfacting tamed peodubsdny mdtmigribathbymaeptastin déstyexpasdablgpandabl e
granules 10 to 100 tines by using steam are aged a certain anmount of tine
and subsegtiles yhalredflyltheeihol destribed shaRdn b efddtield pussitlgto sseeam t o obt ain

t he foamed products having the desired shape.
conventional well-known expansion-molding methods and apparatuses. For example,
10 1inthe case in which the resin is a styrene resin, the pre-expanded granules, which have
been obtained by expanding the expandable granules 10 to 100 times by using steam, are
aged a certain amount of time and subsequently are filled into a mold and reheated using
steam to obtain the foamed products having the desired shape.
According to the method of the present invention, it is possible to carry out
15  continuously, using the extrusion hot-cut method the melting of the resin, adding the
blowing agent, mulling, cooling, and granulation; and it is possible to manufacture
efficiently expandable granules having uniform grain diameters.
In addition, in the method of the present invention, when extruding the melted
resin containing the blowing agent, by controlling the shearing speed and the melt
20 viscosity of the resin in the land parts of small holes of the die within a predetermined
range, it is possible to manufacture stably expandable granules from which foamed
products having a mechanical strength equivalent to foamed products obtained by

expandable granules that are obtained by using a suspension polymerization method are

obtained, and which was difficult when using the conventional hot-cut method.



According to the nethod of the present invention, it is possible to carry
out 15 continuously, using the extrusion hot-cut nethod the nelting of the
resin, adding the blow ng agent, mulling, cooling, and granulation; and it
is possible to manufacture efficiently expandabl e granul es havi ng uni form
grain dianmeters. In addition, in the nmethod of the present invention, when
extruding the nelted resin containingl8he bl owi ng agent, by controlling the
shearing speed and the nelt 20 viscosity of the resin in the |and parts of
smal | hol es of Lﬁ%mﬁh&nﬁﬁ:hi” a predetermned range, it is possible to
manuf acture stably exp abl e granul es fromwhich foanmed products having a
mechani cal stre h ui yval e t o foaned. .prodyct bt ai ned expandabl e
granul es that alr’%tl%%ﬁg? ﬁ%‘?ﬁ’t Bgﬁﬁﬂ%ﬂ‘é“‘é‘iﬁ‘gg'é ﬁsﬁqﬁﬁe&%yfﬁ% FF?E@F%n net hod are
obt ai ned, and which was difficult when using the conventional hot-cut

met hod. 1&ompFeEng teshexgpipies oBhegresenhiavermtioacyitiheompasatiyeszanples Madabsing | s
clarified by test exanples conparing test exanples of the present invention
wi t h conpahationvenomahmledwdnade using the conventional method. 5 In the
foll owi ng test exanples and conparative exanples, the values of the

spherigity of thg Rl BHE¥RRNES dxShRBYAREc R Hrde cdanpis, reiithdsbe ufd exur al

strength of the ftoamed products are nmeasured respectively by the follow ng
reLnos: <SRk 5 D5 BA SRLREIRE R 5RO e bl Sl Y
G a1 o arfBPBrd DG S pHIare P LS U dpIES g HECPAY gest i amet or W and
the snallest dianeter W2 were extracted, and the sphericity was cal cul at ed
by using the <Sphericity of the pre-expanded granules>
To find the sphericity of the pre-expanded granules, the pre-expanded granules
10  obtained by expanding the expandable granules were positioned in a vernier caliper, the
grain diameter was measured from various angles, the largest diameter W1 and the
smallest diameter W2 were extracted, and the sphericity was calculated by using the
following equation (3):
K=Wi/w2 .. (3)

15 In addition, the sphericity was evaluated in the following manner:

Evaluation Value of K

0 equal to or greater than 1.0 and less than 1.3
A equal to or greater than 1.3 and less than 1.6
x equal to 1.6 or greater

20 <Molded product density>

The density of the molded product was measured using the method disclosed in
“Expanded Plastics and Rubbers: Measuring the Apparent Density” in JIS K7222: 1999.
Specifically, a 10x10x5 cm test piece from a molded product was cut such that the cell

structure of the test piece was not altered, the mass thereof was measured, and the density



followi ng equation (3): K=W/W2 ... (3) 15 In addition, the sphericity was
evaluated in the follow ng manner: Evaluation Value of K o equal to or
greater than 1.0 and less than 1.3 A equal to or greater than 1.3 and | ess
than 1.6 X equal to 1.6 or greater 20 <Mol ded product density> The density
of the nol ded product was neasured using the nethod disclosed in "Expanded
Plastics and Rubbers: Measuring the Apparery Density” in JI'S K7222: 1999.
Specifically, a |l OxlI Ox5 cmtest piece froma nolded product was cut such
that the cell structure of the test piece was not altered, the nass thereof
was measur edgbtzinet! vsing therfeiloyingequeber{(tpied using the fol | owi ng equati on(4):
Density (g/cnB) = test piece mass (g) / test piece volunme (cnB) ... (4)

<Fl exural strengt maisitwg/cmﬂ)detdstgﬁaﬁuﬁas% (Fhetedtl mxderalluse(eng) h wagd)measur ed
by the nethod disclosed in "Expanded 5 Plastics Heat Insulating Material s",

JI SA9511: 1999. Spgsii.l i &Qﬁ' . general testing machine
UCT-1 OT (made byp%l!médnr ggéke%g%]ﬂ@tpggﬁjl%l cghgdl?ze was 75x300x15 mm the

conpression rate s 10nmm mn, the assenbly had a | | oadj ng..nose, and |1 OR
supports, and the\Aﬁ?“’sf&‘?‘d‘(’%1 syER é’f‘?strﬂ%asgﬁﬂéar‘gg %}%Od%édﬁﬁ?d Ph %%%ﬁar ement
was carried out, and the flexural strength was cal cul ated by using the
fol | owi gy edtlattice hieatl hsHating Mdtersals's AAS(INVPEY 923 Mperisiv2lly. us(i) a Tefstlen F
denotes the |largest flexural load (N), L denotes the distance (nmm

general testing machine UCT-10T (made by Orientec), the test piece size was 75x300x15

mm, the compression rate was 10mm/min, the assembly had a 10R loading nose and 10R

supports, and the distance between the supports was 200 mm. The measurement was

carried out, and the flexural strength was calculated by using the following equation:

10 Flexural strength (MPa) =3FL/2bh2  ...(5)
(Here, F denotes the largest flexural load (IN), L denotes the distance (mm)

between supports, “b” denotes the width (mm) of the test piece, and “h” denotes the

thickness (mm) of the test piece.)

15 Test Example 1

In this test example, the expandable granules according to the present invention
were manufactured by using the apparatus shown in FIG 1.

In a tumbler, 0.3 parts by weight of powdered talc was mixed in advance with
100 parts by weight of polystyrene resin (Toyo Styrene; HRM10N). This mixture was

20  continuously supplied to a single-shaft extruder having a 90 mm opening diameter at a

rate of 100 kg per hour.  The temperature in the extruder was set to the highest
temperature of 210°C.  After the resin was melted, 6 parts by weight of isopentane as
the blowing agent was injected under pressure into the resin in the course of the extrusion.

The resin and blowing agent were mulled and cooled in the extruder.  While the



bet ween supports, "b" denotes the width (mm) of the test piece, and "h"
denotes the thickness (m) of the test piece.) 15 Test Exanple I In this
test exanple, the expandabl e granul es according to the present invention
wer e manufactured by using the apparatus shown in FIG 1. In a tunbler, 0.3
parts by weight of powdered talc was m xed in advance with 100 parts by

wei ght of polystyrene resin (Toyo Styrene; HRMI ON). This m xture was 20
continuously supplied to a single-shaft®extruder having a 90 mm openi ng
dianeter at a rate of 100 kg per hour. The tenperature in the extruder was
set to thetehmpghast of therpsin at the end6f the 0Qrudaf wes naheainedatnl AS6S andbthieed, 6 parts
by wei ght of isopentane as the bl ow ng agent was injected under pressure

into the rg@gisird 4t thdRsiBQMESS ifb tHeBe @48 Mdfitained at TAMPLIhdbIRAGhD! oW ng agent
were nulled and cooled in the extruder. Wiile the 20 tenperature of the

resin at tfie,end. gl Lt EXLLUISE: VAR ARLLALORT - AEAG algughe pressure at

the resin cess 1n € was nmal nt al ne oW ng

agent - cont ai ning nelted resjn S extr d via a die into the cutting
chanber Ol lﬁ%{fqgn"é‘%whteﬁf‘ "Hgalai 1%‘?}9 Ve W sl dnas circul ati ng,
and 5 sinmultaneously, the extrudate was cut by a high speed rotating cutter
t hat hds 19mltarpoysly.dhe extyutate wast due by ahighripeedrotating cufterdbatihon 10 bladesli e has
150 small holes having a dianeter of 0.6 mmand a land length "a" of 3.5

mm  The cudrragigadii s cikeirfcedtibbdirectio®WaTley diel hasal b sihiidileltbléschavivgad n t he
expandabl e granul es. The obtai ned expandabl e granules had no deformations,

burrs, or §iB&efet k£ 6 A ahd %@1&8 gl }n?;ﬁ.StT}%ecrf[ Bk we @Joii{]da' shapes
with di amatlergeo§ approé‘ngtlgdy .8 arrm Ai? this ti rlrleE W!l*llen tﬁg st éari ng
speed and 405480 3 Miel B Soukh ShOSIptatle RSP i GhEidh SEMALR N9 the

{ granules had no deformations, burrs, or the like, and the granules had almost perfect
10 spherical shapes with diameters of approximately 0.8 mm. At this time, when the
shearing speed and the apparent melt viscosity of the melted resin containing the blowing
agent when passing through the land parts of small holes of the die is calculated based on
the equations described above, the shearing speed was 15,608 sec-1, and the apparent
melt viscosity was 360 poise.
15 After aging for 72 hours, the obtained expandable granules were heated for two
minutes in a box-shaped blower at 0.5kg/cm” and became pre-expanded granules.  After
( resting for 24 hours, the pre-expanded granules were filled into a 300x400x50 mm mold.
The foamed product was molded by blowing steam into the mold for 20 seconds at a
gauge pressure of 1.0 kg/em®. At this time, the sphericity of the pre-expanded granules
20  was 1.15, the density of the obtained foamed products was 0.025 g/cm’, and the flexural

strength was measured at 0.65 MPa.

Test Example 2

In a test example 2, the same resins and composition were adopted as the test



agent when passing through the land parts of small holes of the die is

cal cul ated based on the equations described above, the shearing speed was
15, 608 sec-1, and the apparent nelt viscosity was 360 poise. 15 After aging
for 72 hours, the obtained expandabl e granul es were heated for two m nutes
in a box-shaped bl ower at 0.5kg/cnR2 and becanme pre-expanded granules. After
resting for 24 hours, the pre-expanded gyanules were filled into a
300x400x50 mm nol d. The foanmed product was nol ded by bl owi ng steaminto the

nold for 20 secopds_at a. gau pressure of 1.0 kg/cnR. this tine, the
spheri ci t y*XgMP{t pT@Wﬂaﬁﬁﬁg?ﬁwaﬁ%Fw@e%@ef@%s?St EOIBA 455t ?‘36‘?%?‘? he

obt ai ned foanmed products was 0.025 g/cnB, and the flexural strength was
measur ed ak exgepngwha moréied diganphecxpandable granuleewarephanutacturhd whamshe esi ns
and conposition were adopted as the test 21 exanple 1. The equi pnent of the

test exanpdxtrugiohSohdifiofweread)usted] andfthéseexparfablepadivled wele preceipandid t he
nodi fi ed die. The expandabl e granul es were manufactured while the extrusion

condi {1 OnSliShQABEish SRk A RERE SXDARAAD! © SEARMERSYEY e Beeypanded

and nol de sirm to the test exanp ericity of the
obtai ned 5 pre-expanded, granuyl es and t density .and. fl exural strength of
Che. mopdecP SRS Siaonled abthe endty sl el sl P ng cbeire gt el
extruding conditions, the sphericity of the pre-expanded granules, and the

density arrdeasiedyr dhe specifingtinnmfor theediensheiedrudingcroadisions.dhe sphetipity of thaBLE 1.

<Conparative Exanples | to 3> 10 In conparative exanples 1 to 3, the sane
resi ns ancpre-erpasiet igeanulve) sdato ety and flehealtsashgthwéithel eolded ploduasaiepnent  of
the test exanple 2 is the sane as that of the
shown in TABLE 1.
{ <Comparative Examples 1 to 3>
10 In comparative examples 1 to 3, the same resins and composition were adopted
as the test example 1. The equipment of the test example 2 is the same as that of the
test example 1, excepting a modified die. The expandable granules were manufactured
while the extrusion conditions were adjusted, and these expandable granules were
pre-expanded and molded in a mold similarly to the test example 1. The sphericity of
15  the obtained pre-expanded granules and the density and flexural strength of the molded
products were measured. The specifications for the die, the extruding conditions, the

sphericity of the pre-expanded granules, and the density and flexural strength of the

molded products are shown in TABLE 1 and TABLE 2.

20 Test Example 3
In a test example 3, the same apparatus as the test example 1 was used, but the
resin was altered to the mixture of polyethylene resin (Nihon Polyolefin KK: JE 111D)
and polystyrene resin (Toyo Styrene KK: HRM10N), mixed respectively at 60/40 mass

ratio, and the expandable granules were obtained. The obtained expandable granules



test exanple 1, excepting a nodified die. The expandabl e granul es were

manuf actured while the extrusion conditions were adjusted, and these
expandabl e granul es were pre-expanded and nolded in a nold simlarly to the
test exanple 1. The sphericity of 15 the obtai ned pre-expanded granul es and
the density and flexural strength of the nolded products were neasured. The
specifications for the die, the extrudigg conditions, the sphericity of the
pre- expanded granul es, and the density d flexural strength of the nolded
products are shown in TABLE 1 and TABLE 2. 20 Test Exanple 3 In a test

exanpl e 3, weteensdnipteempaxpinded geantilee it #btatiag@mseathinpentmed, imnedigtdley  resin
was altered to the m xture of polyethylene resin (N hon Polyolefin KK: JE

111 D) anghdGhatiuifadi@Beand8abseqlickRlyOa fBawics Peodiké wildtaithll by fHeXashe mRARRLt | Vel y
at 60/40 mass ratio, and the expandabl e granul es were obtained. The

obt ai ned e ul es, 22 : ' - ules in a
et i ng- andt RGeS RS M hehfiicHliLf P oRbAIES BARIRS o B
subsequent |y, ~a foaned product s ohtained by the sa thod . .as.that in
the test eslé’ﬁﬁv and ey %ﬁﬁ@ﬁi%mvn@ﬁef H@ﬁb?téi/”éﬁ PEATE -g?ﬁmps@ﬁafﬁwnﬁ he
density and flexural strength of the nolded products was neasured. The
speci f i T at fasitle dieftbe extmesiati eanditives.ahe spheiioity efhel prerexpandedtasani¢seandihey of

t he pre-expanded granules, and the density and flexural strength of the
nol ded pr odesits and GesliaVirehgth bfBleimdlded poiduts afezhéwd in TABLEeSt exanpl e 4,
the sane apparatus as the test exanple 1 was used, but the 10 resin was
altered to the m xture of polypropylene resin (Mtsui-Sumtono Pol yol efin
KK: S 131) and polystyrene resin (Toyo Styrene KK: HRM ON) m xed
respectively at 6? 40 n@s rati o, and the expandabl e granul es were
obt ai ned. The obl®t FEHBYSandabl e

( In a test example 4, the same apparatus as the test example 1 was used, but the

10  resin was altered to the mixture of polypropylene resin (Mitsui-Sumitomo Polyolefin
KXK: S$131) and polystyrene resin (Toyo Styrene KK: HRM10N) mixed respectively at
60/40 mass ratio, and the expandable granules were obtained. The obtained expandable
granules were made into pre-expanded granules in a heating-and-steaming container
immediately after manufacture, and subsequently, a foamed product was obtained by the

15  same method as that in the test example 1. The sphericity of the pre-expanded granules
and the density and flexural strength of the molded products was measured. The
specifications for the die, the extrusion conditions, the sphericity of the pre-expanded
granules, and the density and flexural strength of the molded products are shown in
TABLE 1.

20 <Comparative Example 4>

In a comparative example 4, a composition of resin is same as that in the test

example 1, but the resin was extruded without injecting the blowing agent under pressure
and cut into resin granules. Next, the resin granules were placed in a pressurized

container, isobutene, serving as the blowing agent, was added at 15 parts per weight to



granul es were nmade into pre-expanded granules in a heating-and-stean ng
container imediately after manufacture, and subsequently, a foaned product
was obtai ned by the 15 sanme nethod as that in the test exanple 1. The
sphericity of the pre-expanded granules and the density and fl exural
strength of the nol ded products was neasured. The specifications for the
die, the extrusion conditions, the spheggcity of the pre-expanded granules,
and the density and flexural strength of the nol ded products are shown in
TABLE 1. 20 <Conparatjve Exanple 4> 1n a conparative exanple 4, a

conposi t i ohOGRArSEST Wejedit ehiraingranulesdn f Wapes anqddip hayipg Adispersinggentand ar esin
was extruded wi thout injecting the blow ng agent under pressure and cut

i nto resi nplgstimer éoluehigy and 4 hlewirgsagentimgnedragongeatmehtiwaticamedoyfessur i zed
cont ai ner, isobutene, serving as the blow ng agent, was added at 15 parts

per wei ght héues &370°C00 TRa kdstn @ahuléewerelcodled @ fdom @EREREIIRS ahd dewatefed] nedi um
havi ng a di spersing agent and a plasticizer (toluene), and a bl ow ng agent

| T eqnat | gy b RAL IR IS AR U iHea! OThde QM BLRLrdRts e pf8S1 N

granul es were co oom tenperature an tered, en t xpandabl e
gr anul wer e.obt gi ned. These expandabl e granul es were de.5> into foanmed

pr oduc'?i bipte Wéﬂ?ﬁﬁé@ﬁ{%&ﬁ%w@gﬁﬁ 4% “t“etg‘f %é&?i‘r?mpée g eq}ﬁe&eﬁéﬁéf“{ and
the flexural strength of the foamed product are shown in TABLE 2. Test

Exanpl e 5 the flenpzal steangthegdethe foansd progackarpshapp iy BABEE@nd t he equi pnent as
the test exanple 10 1 were used excepting the die was nodified into a die B
whi ch has a counterneasure for preventing the clogging of snall holes 108

t hrough which the resin was di scharged, and the expandabl e granul es were
manuf act ured whi &t pdidsleisng the extrusion conditions.

( In this test example 5, the same apparatus and the equipment as the test example

10 1 were used excepting the die was modified into a die B which has a countermeasure for
preventing the clogging of small holes 108 through which the resin was discharged, and
the expandable granules were manufactured while adjusting the extrusion conditioﬁs.

The die B used in this test example is shown in FIG 710 FIG. 9. In the die B
shown in FIG. 8, 12 tubular conduits (resin conduits) 107 in the areas Q and one small

15  hole 108 for each of the tubular conduits 107 are shown. However, in the die B used in
this test example, 16 tubular conduits 107 are provided in the areas Q, and 10 small holes
108 are provided for each of the tubular conduits 107.

This die B has a die holder 101 that is fixed to a distal end of the extruder (not
illustrated) and a die main body 105 that is fixed to a distal end of the die holder 101.

20 Aninterior of the die holder 101 which forms a tube, serves as a melted resin conduit 102
that communicates with the end of the extruder. Reference numeral 103 denotes a die
holder part heater, and reference numeral 104 denotes a bolt for attaching the die main
body 105. A plurality of rod heaters 106 is inserted into the die main body 105. In

this die B, resin passes from the end of the extruder through the melted resin conduit 102



The die B used in this test exanple is shown in FIG 7 to FIG9. In the die
B shown in FIG 8, 12 tubular conduits (resin conduits) 107 in the areas Q
and one small 15 hole 108 for each of the tubular conduits 107 are shown.
However, in the die B used in this test exanple, 16 tubular conduits 107 are
provided in the areas Q and 10 small holes 108 are provided for each of
the tubular conduits 107. This die B haggsa die holder 101 that is fixed to a
distal end of the extruder (not illustrated) and a die main body 105 that

is fixed to of the die ho] r 101. 20.An interior the die
hol der 101&%&11 %ﬂiﬁfﬁengﬂtsd@é andds ?Q?dﬁg?@"h&etpé‘ﬂalﬂte‘éé’f ﬁmeﬁh 18&10 t hat
communi cates with the end of the extruder. Reference nuneral 103 denotes a

di e hol deproyded ohgatheresinadistharging sunfgec Hifaer al 104 denotes a bolt for
attaching the die main body 105. A plurality of rod heaters 106 is inserted

into the die maiAchaeithdidhas alkcittertrbiatingl§iaifiB,09( £ Sutfer RIS 8Gpporomedmbe @0d of the
extruder through the nelted resin conduit 102 24 and the tubular conduits

107, and '%mﬁei&nreyﬁﬁqesfﬁqmslggomy\a&éd M@& H@h}kmﬁlﬁ%‘r?ﬁ #3Bis BhRedad .0n each

resi n-di schargi ng surfaceé cutter t as a cutter rotating shaft

109, a cutter de. su cut.ter, kniv 11, is

acco at BST lm]ﬂ O%ﬁ“ﬁgge ?‘gtl%ﬁ}f?gﬂ:leégf%% P 5

resin-di SChagx?I ng surface 105a of this die B, and the cuttin a chanber 112
has a ci r ceireating liguig icaolentdestuiditinlet Hii )l aiginculating Hawid @ubletcilAc ulmthisng | i qui d
outlet 114. In this cutting chanber 112, the cutters are rotated in the

ci r cul at i nguttingichaibsal £2,,thd figtersesé rotateld Bﬂthatgadaﬁﬂg)lﬁqmdhe/aregshmfedinschar gi ng
surface 105a is imrediately cut in the water, and the obtained granules are

conveyed ogfsciarQd g tifd l%ﬁﬁldfi’stchﬂl'glng sgfﬂl& 4k |1§ﬁmﬁétﬂat@iy%91r¥ﬁ1& vatel Qunfihe

flowi ng water (circulating I1qui die main body 105 has the plurality
Of the tub H)le%rbta?neradg%ﬁuieslagg c&ﬂ/%&ed out from the circulating liquid outlet 114 along with

10 the flowing water (circulating liquid).

The die main body 105 has the plurality of the tubular conduits 107 that
communicate with the melted resin conduit 102 and that communicate with the plurality
of small holes 108 that open into the resin-discharging surfaces 105a of the die main
body 105 therein. The tubular conduits 107 are provided on a circle defined on the

15  resin-discharging surfaces 105a. However, as shown in FIG. 8, the small holes 108 and
the tubular conduits 107 are not provided in areas P (preferably having a central angle of
10° to 50°) in the inflow direction and the outflow direction of the water stream (the
coolant liquid stream) of the resin-discharging surface 105a, and the areas R (preferably,
having a central angle of 10° to 50°), which is orthogonal thereto. The small holes 108

20  are formed only in areas Q, and are not formed in areas P and R.  As can be understood
from FIG. 8, a resin-discharging surface 105a of the die main body 105 is circular, and
the small holes 108 are arranged on an ideal circle that has a diameter that is smaller than
the outer circumference of the resin-discharging surface 105a and is concentric to the

resin-discharging surface 105a only in the areas Q, excluding the vertical and horizontal



comuni cate with the nelted resin conduit 102 and that communicate with the
plurality of small holes 108 that open into the resin-discharging surfaces
105a of the die main body 105 therein. The tubular conduits 107 are
provided on a circle defined on the 15 resin-discharging surfaces 105a.
However, as shown in FIG 8, the small holes 108 and the tubular conduits
107 are not provided in areas P (prefergbly having a central angle of 10 to
50) in the inflow direction and the outflow direction of the water stream
(the coolant liguid strea f the resin-discharging surface 105a, and the
areas R (pi’ré?%]!r) ﬁﬁm WE%Y}F OE’etH‘F PEET Ol HCIHIE- 10 to 50), which is
orthogonal thereto. The small holes 108 20 are formed only in areas Q and
are not formed i Fhebaetiomn of the desin-disehacging prfagnd 8 saligng withy thadreationgf the

resi n-di schargi ng surface 105a of the die nmain body 105 is circular, and
the small bieduisinkQRjual ialean 3 nlgewpof theresindichaginglsarfadal0Shatigas witheet er t hat
is smaller than the outer circunference of the resin-discharging surface

105a and i g; [ i HeSi& 19 ' : PfHey i N the
areas @ oo D e g | PR SRR PR

[ d h ifcl he. b f th i Nn-.di [
Sur 1 acd 108 arPgRE{ whfeeh 5 pigh oy be ireiion HePeotalfo hE pH-ARA & "1

the top of the resin-djscharging surface 105a_aligns.with the direction of
the circul s@nnggfs thegiiicylagng ligpidn) Ellér?@dtﬂPF‘eC‘FCé‘iactmaalﬂﬂﬁ et i ecti ons of the
5 resin-discharging surface 105a align with the direction orthogonal to the
direction that IhadetB théxemall haed HiS thet dischedgd thentesin hbtSa diathetdrof 0.6
circulating liquid outlet 114. In the die B, the small holes 108 that

di schar ge ihean®siand Rengeh @ f 3FEhRN at a td of 160 smdl] Bole@NOB hreAgthRigedion Hf 3.5

nm and a total of 160 small holes 108 are arranged on a circle defined on
e, L ShaE RS RNG LAER iR TURCEIRLL 19kSaniWRsgepRind proviced
nfl Yo provided in either the areas P (having a central angle of 25°), which lie in the inflow
direction 113 and the outflow direction 114 of the water (circulating liquid) that fills the
cutting chamber 112 in contact with the resin-discharging surface 105a, or the areas R
(having a central angle of 25°), which lie in the direction orthogonal to the inflow
direction 113 and the outflow direction 114 of the water. A heating medium conduit 117
15 for heating the resin in the small holes 108 is provided in the die B. A heating medium
inlet 115a that communicates with this heating medium conduit 117 is provided on the
upper and lower areas P on the resin-discharging surface 105a. A heating medium
outlet 116a that communicates with the heating medium conduit 117 is provided on the
right and left areas R on the resin-discharging surface 105a.
20 In the present test example, the resin was supplied to the extruder at a rate of
120 kg per hour, the highest temperature of the extruder was set to 220°C, 6 parts per
weight of isopentane based on the weight of the resin as a blowing agent was added and

mixed into the resin, and the resin was introduced into the die B while maintaining the

resin temperature at the distal end of the extruder at 168°C. While thermal oil (heating



direction 113 and the outflow direction 114 of the water (circulating
liquid) that fills the cutting chanber 112 in contact with the

resi n-di scharging surface 105a, or the areas R (having a central angle of
25), which lie in the direction orthogonal to the inflow direction 113 and
the outflow direction 114 of the water. A heating nedium conduit 117 15 for
heating the resin in the small holes 108gis provided in the die B. A heating
medium inlet 115a that conmunicates with this heating nediumconduit 117 is
provided on the wupper and |ower areas P on the resjn-discharging surface
105a. A hea%qdwwﬁéﬁgﬁﬁ%w sifiatad inghe Betine cnadhimiceaduis it dq &‘ﬂ%éﬁsll’hg

medi um conduit 117 is provided on the right and left areas R on the

resi n- di scas gktngded intodbecutGimchapter h12 inovipck 401: waestiraplategphed t he resin
was supplied to the extruder at a rate of 120 kg per hour, the highest

t enper at ur gimffltahéisBxdut b Gighwipeed fitarl @uiZetd (enfic) a6 thds@ R the Vet & 1 to
i sopent ane based on the weight of the resin as a bl ow ng agent was added and

m xed intooga ﬁl@%i.é]ghnd%]g Hﬁﬁle@eSi n was i ntroduced into the die B while
mai ntai ning the resin teffperature at the distal end of the extruder at

168C. ile thergpl oil (heating 26 nedi . at was..ci rcul ated in the
heat i ng® medi um cg:ﬁ‘afﬁslnq Sf’uﬁ’f‘nttﬂeeac&Fsé,mtpﬁgg}hgé’\’%%%a'exﬁmn? to the
cutting chanber 112 in which 40C water circulated and sinultaneously cut by
hi gh- speed ¢xrangdable granitles svereidmosiciage spberi¢ad geanples hiing a diamsteryd 0/ mny, o

obtain the expandabl e granules. 5 The resin pressure in the access into the
di e was 12ahPthe pohe vabusicrtethed ehap drecatvtie fowerulbggEngyarfehadmaisholés then ggher i cal
granul es having a dianeter of 0.7 nm and the point was ascertai ned that

there weretdsen@inpld PaPicREs oPhe rélSiHIRIp beRGdedthd RafibdrhtE cuts Sth B¥REPIRhd 1N
terns of the relationship between the nunber of cuts with respect to the

resin-disc pﬁ%%r?%l@&laiﬁhf rfifshd fE ggal}l%{éudigmgtieg TR Blerre 8 gretsgﬁe (e DoddsRgyre 1N

t he access

10 thedie. When the shearing speed and the apparent melt viscosity of the melted resin
when passing through the die were calculated based on the above equations, the shearing
speed was 13,691 sec-1 and the apparent melt viscosity was 352 poise.

Pre-expanding and molding of the obtained expandable granules was carried out
using the method identical to that of the test example 1, and the sphericity of the obtained

15  pre-expanded granules and the density and flexural strength of the molded products were
measured. The measurements are shown along with the extrusion conditions in TABLE

3.



10 the die. Wien the shearing speed and the apparent nelt viscosity of the
nelted resin when passing through the die were cal cul ated based on the
above equations, the shearing speed was 13,691 sec-1 and the apparent nelt
viscosity was 352 poise. Pre-expanding and nol di ng of the obtained
expandabl e granul es was carried out wusing the nethod identical to that of
the test exanple 1, and the sphericity ?§ the obtained 15 pre-expanded
granul es and the density and flexural strength of the nolded products were
measured. The neasurenents are shown along with the extrusion conditions in
TABLE 3. 27 TABABLE ITest Test exanple 2 Conparative Conparative exanple 1
exanple 1 exanple 2 Used raw material %w PS (100% PS (1009 PS (1009 PS

(100% Mpld Hole dianeter (Mst0.6 O. Hebtdxatpl 2 HObmpatatiber s ( Coinphrafi®® 200
200 100 ftand length (MM 3. bexdnipld]S |5- 0 Bl owi ngeam@ié 1Type | sapgé ane
| sopent aneukaPREThAEHal SORENT PEP100YIPT 3EA0E%) a0V (16k) © > Pr¥¥lodes! I
t enper at u‘ Ricg 170 172 210717 Pressure—at—accessrnto 4 21 221 netar
ol d (MPa) 1y le diameter (mm) 0.6 0.5 0.5 0.8

Hole numbers (unit) 150 200 200 100

Land length (mm) 3.5 3.5 3.5 5.0

Blowing agent

Type Isopentane | Isopentane Isopentane Isopentane

Impregnated amount (% | 6 6 5 5

wt)

Resin temperature (°C) 170 172 210 170

Pressure at access into 14 21 21 21

metal mold (MPa)
{ Cutting chamber water 40 40 40 40

temperature (°C)

shearing speed (sec™) 15,608 31,007 36,445 13,158

apparent melt viscosity 360 240 210 894

(poise)

Pre-expanded granule 1.15 1.10 1.38 1.82

sphericity o o A X

Molded product strength | 0.025 0.024 0.030 0.026

(g/en’)

Molded product flexural | 0.65 0.58 0.42 0.70

strength (MPa)




Cutting chanber water 40 40 40 40 tenperature (C) shearing speed (sec)
15,608 31, 007 36,445 13,158 apparent nelt viscosity 360 240 210 894

(poi se) Pre-expanded granule 1.15 1.10 1.38 1.82 sphericity 0 0 A X Mol ded
product strength 0.025 0.024 0.030 0.026 cnB) Ml ded product flexural O0.65
0.58 0.42 0.70 strength (MPa) 28 TABLE 2 Conparative Test exanple 3 Test
exanpl e 4 Conparative Exanple 3 exanpl@&884 Used raw material (%w) PS

(1009 PE (60% PP (60% PS (100%

PS (40% PS (40% Ml d Hole dianeter

(m) 0.4 0. GDQBEEZ Hol e nunbers (unit) 240 150 150 - Land length (mm) 3.0
3.5 3.5 - Blowrig agent Type |sopentane |sopentane |sopentane |sobutane
|n‘pregnat sLamJunt IOA\\M-\ 66 6--15 {::-Ff r
Compatative | Test example 3 | Test example 4 | Comparative
Example 3 example 4
Used raw material (% wt) PS (100%) | PE (60%) PP (60%) PS (100%)
PS (40%) PS (40%)
Mold
Hole diameter (mm) 0.4 0.6 0.6 -
Hole numbers (unit) 240 150 150 -
Land length (mm) 3.0 3.5 3.5 -
Blowing agent
Type Isopentane | Isopentane Isopentane Isobutane
Impregnated amount (% wt) { 6 6 6 15 (after
impregnation)
Resin temperature (°C) 214 152 202 -
; Pressure at access into metal | 24 12 18 -
{ mold (MPa)
Cutting chamber water 40 30 60 -
temperature (°C)
shearing speed (sec’) 45,304 18,721 32,445 -
apparent melt viscosity 160 240 370 -
(poise)
Pre-expanded granule (burrs) 1.18 1.25 -
sphericity x o 0
Molded product strength 0.025 0.036 0.040 0.025
(g/om’)
Molded product flexural 0.38 0.52 0.46 0.56
strength (MPa)




| mpregnation) Resin tenperature (C) 214 152 202 - Pressure at access into
netal 24 12 18 - nold (MPa) Cutting chanber water 40 30 60 - tenperature (O
shearing speed (sec 45,304 18,721 -32,445 - apparent nelt viscosity 160 240
370 - (poise) Pre-expanded granule (burrs) 1.18 1.25 - sphericity x o O

Mol ded product strength 0.025 0.036 0.040 0.025 (g/cm 3) Ml ded product
flexural 0.38 0.52 0.46 0.56 strength ¢d4Pa) 29 TABLE 3 Test exanple 5
Used raw material (%w) PS (1009 Metal nold hole dianeter (nm 0.6 hole

nunber (unit?ABig(% |l and length (nm 3.5 blow ng agent

Test example 5

Used raw material (% wt) PS (100%)
Metal mold
hole diameter (mm) 0.6
hole number (units) 160
land length (mm) 3.5
blowing agent
type Isopentane
impregnation amount (parts by weight) 6
Resin temperature (°C) 168
Pressure at access into mold (MPa) 12
Cutting chamber water temperature (°C) | 40
shearing speed (sec™) 13,691

( apparent melt viscosity (poise) 352
Pre-expanded granules sphericity 1.10 0
Molded product density(g/cm’) 0.025
Molded product flexural strength (MPa) | 0.070




type | sopentane inpregnation anmount (parts by weight) 6 Resin tenperature
("C 168 Pressure at access into nold (MPa) 12 Cutting chanber water
tenperature 'Q 40 shearing speed (sec 13,691 apparent nelt viscosity

(poi se) 352 Pre-expanded granul es sphericity 1.10 0O Ml ded product densit
cm) 0.025 Mol ded product flexural strength (MPa) 0.070 30 According to the
results shown in TABLE 1 and TABLE 2, tdip pre-expanded granul es nmade from

t he expandabl e granul es manufactured according to the nethods and apparatus

of the test exanples,1 and 2 accardin t | nventi on exhi bit an
advant ageous spHhefioEfing to thy regy ??‘?W‘%ﬁ%{“é]ﬁég%ﬁgg[ﬂ%ejd %fﬁ'l??‘@%“‘féae made
into foamed 5 products, the nol ded product flexural strength is strong, and
has a st r egranes made fremibg expandablé granwles maeufaeiingd @cenrdimgde thermetbodsrandhe
expandabl e granul es obtained by the nethod shown in the conparative exanple

4, in whi cdppaliaeus@ifalfeutestxameles MTand @riat@dingftd e présenniavermion exhibitdai ti on, the
expandabl e granul es manufactured in the test exanples 3 and 4, although

t hey Cannoédv%a@éﬂﬁ?@é\l&@icﬁw et ddditRACHHSEhE BBtalrRd ig?arﬁ%@?éﬂn%él@i%o fhndefe 10
expandabl e grantl es re different fromthat of the comparative exanple 4,

nave. .5 e SR B SO B0 RSBk P
e i ferior i the TnolBed produicts mads of the expandible granaleh abtaimed by the method = |
produced Inien p m; p g y

shown in the comparative example 4, in which the granules are impregnated after

formation. In addition, the expandable granules manufactured in the test examples 3
{ and 4, although they cannot be compared directly because the resin compositions of the

10  expandable granules were different from that of the comparative example 4, have a

granule shape and molded product strength of practical use.

In contrast, in the comparative example 1 and the comparative example 3,
because the shearing speed of the resin at the land parts was too high, the produced
expandable granules tended to have some foam and burr-shaped projections, and thus the

15  strength of the foamed products was also extremely weak.

In comparative example 2, because the apparent melt viscosity of the resin in the
die land part was too high, the produced expandable granules were flat, the sphericity of
the pre-expanded granules was extremely poor, and when these were molded, the size of
the expanded granules at the surface of the molded product was uneven, and thus the

20  external appearance deteriorated.

As shown in TABLE 3, in the test example 5, it is possible to manufacture

expandable granules stably over a long period of time, and at the same time, the obtained

expandable granules had a high sphericity, and when these expandable granules were

expansion-molded, molded products having a superior strength were obtained. That is,



expandabl e granul es tended to have sone foam and burr-shaped projections,
and thus the 15 strength of the foaned products was al so extrenely weak. In
conparati ve exanple 2, because the apparent nelt viscosity of the resin in
the die land part was too high, the produced expandabl e granules were flat,
the sphericity of the pre-expanded granul es was extrenely poor, and when

t hese were nol ded, the size of the expggded granul es at the surface of the
nol ded product was uneven, and thus the 20 external appearance deteriorated.
As shown in TABLE 3, in the test exanple 5, .it is possible to manufacture
expandabl ethgidi;Blused isxthe tept exammpias manstierive depsventngelogging ofthe pealsame ti ne,
t he obtai ned expandable granules had a high sphericity, and when these
expandabl ehgleaihdf thsoughrvehicle feansn ordisohhged, andwk deesulty b ohas upddrstodd thagit
superior strength were obtained. That is, 31 the die B used in the test

exanpl e 5 Yfs§bleas atain IWaNEplebdte @ﬁrﬁ%@x’ﬂﬂsi@ﬁ. t Neteth#R!ih thiH@lees (108
t hrough which the resin is discharged, and as a result, it was understood

L

that in this was possi taint

preventjon, by providi S | hql.es .108 aj. 5 | east e t nof, both of the
oot ¢ 1 dhe. et Dt gt B e pratione1a teialondigehan D rdtbeSfieN 114 of |t he
wat er stream and the position in the direction orthogonal to the inflow

di rection dirgrtiond 14 kéthsuwaterciveanrasd thegpositiva inthetdieection ethegonaldemtherhe

i nfluence of each of the paraneters on the foanmed product strength FIG 3 to

FI G 6 are giflphdireztiont Y atdhe oadlovi diedetibn\t b6 bf hatwang strbemi nf | uence that 10
each of the paraneters had on the strength (maxi mum fl exural |oad) of the

o e ot STAPEMARS st e s Shgar o vhon
| {d entical tot hahd b IﬁGt()e aSrE graphs showing the result of investigating the influence that

10 each of the parameters had on the strength (maximum flexural load) of the molded
products obtained by expansion-molding the expandable granules when the expandable
granules are manufactured by using a polystyrene resin identical to that in the test
example 1. The parameters were the molecular weight of the resin, the resin melt
viscosity, and the shearing speed.

15 FIG. 3 is a graph showing the relationship between the molecular weight of the
resin used in the manufacture of the expandable granules and the strength of the molded
products. Concerning the range of the molecular weights shown in FIG. 3, a clear
interrelationship between the molecular weight of the resin and the molded product
strength could not be found.

20 FIG. 4 is a graph showing the relationship between the temperature of the resin
during the manufacture of the expandable granules and the strength of the molded
product. As shown in FIG. 4, a tendency could be observed in which the strength of the

molded product increased as the temperature of the resin decreased.

FIG. 5 is a graph showing the relationship between the resin melt viscosity



exanple 1. The paraneters were the nol ecul ar weight of the resin, the resin
melt viscosity, and the shearing speed. 15 FIG 3 is a graph show ng the
rel ati onshi p between the nol ecul ar weight of the resin used in the

manuf acture of the expandabl e granules and the strength of the nol ded
products. Concerning the range of the nol ecul ar weights shown in FIG 3, a
clear interrelationship between the ngjeecul ar weight of the resin and the
nol ded product strength could not be found. 20 FIG 4 is a graph show ng
the rel ationship etweentheterrpera re of the res duri ng

manuf actur(@PRi‘feft‘H}?'e‘Slifé’ﬁ’@QM“ém%rﬂErﬂ aciirg of Hie &p l@rsrmul?sr?él $ ded
product. As shown in FIG 4, a tendency could be observed in which the
strengt h otrength of ﬂmlrdelde@pmductt Asshews suFlgs 5t hendenepeoualdbewbsdrvedia r esi n
decreased. FIG 5 is a graph showing the relationship between the resin nelt

vi scosi ty widch (epprafig@hbf iRl holded produdtincretised motht hesinmelt vicbsityanakasee
expandabl e granul es and the strength of the nolded product. As shown in

FIG 5, a tendengy & %@gsm %ﬁt@%lw@ns}e@'&m@mb&eegﬂggbeeadh fel ded

product increased as t VI Scosity Increas 'S a graph
showi ng the r i 0 en the sheari d durin the

Ut adt u ‘“B‘?“?‘HE o3 nsiilebe oo eDd T et BN P B ed Pt ke
product . shown in FIG 6, a tendency_could be observed in which the

strength cﬁhownén R éeatengﬁwm d becobseryed)inaghich hestirengthod thegeeldediecr eased.

Fromthe results showmn in FIG 3 to FIG 6, it can be understood that the
resi n nelprodics oosdated dsathpstrearing ppedet] duéremsedi ty) and the shearing speed
during manufacture of the 10 expandable granules influence the strength of

the nol ded prodygémh RisaekhBwnay IFP@%I terrmnfi & 2 behaaasesdandarlesigr anul es.
In the present invention, when a nelted
{ melt viscosity (apparent melt viscosity) and the shearing speed during manufacture of the
10  expandable granules influence the strength of the molded product obtained by
expansion-molding these expandable granules. In the present invention, when a melted
resin containing a blowing agent that has been mulled in an extruder is extruded from the
small holes of a die, by extruding the melted resin such that the shearing speed is 12,000
to 35,000 sec-1 and the apparent melt viscosity of the resin is 100 and 700 poise, the
15  unique effects were obtained that the sizes of the obtained expandable granules were
uniform and the expandable granules were easily handled. In addition, the further
unique effect was obtained that the strength of the molded product obtained by
expansion-molding was not inferior to that of the expandable granules obtained by the
suspension polymerization impregnation method. As shown in FIG. 5 and FIG. 6, the
20  ranges of the apparent melt viscosity and the shearing speed in the present invention are
set based on the results of thorough investigations in order to balance well the
advantageous characteristics such as the sphericity of the obtained expandable granules,

and not simply set such that the strength of the molded product becomes high. Thereby,

these numerical ranges have a sufficiently critical significance.



resin containing a blow ng agent that has been nulled in an extruder is
extruded fromthe snmall holes of a die, by extruding the nelted resin such
that the shearing speed is 12,000 to 35,000 sec-1 and the apparent nelt
viscosity of the resin is 100 and 700 poise, the 15 unique effects were
obt ai ned that the sizes of the obtai ned expandabl e granules were uniform
and the expandabl e granul es were easilyghandl ed. In addition, the further
uni que effect was obtained that the strength of the nol ded product obtained
by expansion-nolding was not inferior to that of the expandabl e granul es
obtained by the suspension polynerization inpregnation nethod. As shown in
FIG 5 and FIG 6, the 20 ranges of the apparent nelt viscosity and the
shearing speed i INDPUHETRIAL ARPLIGABHLITON are set based on the results of

t horough investigations in order to balance well the advantageous

characteristics Bemsethe niteh@ide fiagifaytudihg tieemoplagicresin expamdalsibaangleanul es,
and not sinply set such that the strength of the nol ded product becones

hi gh. Ther i : W LiJgal

<1 i 11 angate pieb A GBI boR HuoliHPRRRey QU uolt ofy Be ol ShbY 6

manuf act ur i t her nopl ast,i.c resj n _expandabl e anul es of .the present

[ nvent ifon CBRPIENG EFRAASRIF erabilsyand bess o S A PRE ARBarRRS bAViEE RSP o
obt ai ni ng t he expandabl e granul es and uses a manufacturing apparatus havi ng
a sinple sfuchee.theindpsisal vadupsis exaemelyhigh. | dn additemgdieqause gw gramlegias off on,
because the granule size of the obtained expandable granules is uniform

t he expandthblobtagredrenpaslablearraadésl iy uhidored, ¢iek, expamdhbiehgramilesarg tésilythahdied,nol ded
products obtai ned by expansion-nolding is not inferior to that of

expandabl e, @ sh&sest ik AR FTHGRENGHtARePRY YNSRI Mk R dFedidad
met hod, 10 the nethod can be used extensively in nolding, for exanple,

shock-resi { ) .ect I | i and
or eci si on %ﬁﬁe&%@!e@g@% (?g%llﬁ%c}] B)Q EusBQﬁﬁ?WAlgmglllfa(ﬁ%ﬁ 11?1ﬁ'llegﬁﬁﬂ)n HAk&E
10  the method can be used extensively in molding, for example, shock-resistant wrapping
material for household electrical appliances and precision machinery, transportation
containers for food and machine parts, a shock-absorbing parts for vehicle parts,

structural parts, display parts, leisure parts and the like. The method thereby has a high

industrial value.



containers for food and machi ne parts, a shock-absorbing parts for vehicle
parts, structural parts, display parts, leisure parts and the |like. The

nmet hod thereby has a high industrial value. 34 Wat is clainmed is: 1. A
met hod for manufacturing thernoplastic resin expandabl e granules conprising
the steps of: 5 injecting a bl ow ng agent under pressure into a
thernoplastic resin which is nelted in3é&n extruder; extruding the nelted
resin containing the blowi ng agent as an extrudate froma plurality of

smal | hol egrlpis2ifieq @t t ached to a distal end of the extruder directly into
a coolant l'itquid, and directly cutting the extrudate by high-speed rotary
bl ades ; and 10 cooling and solidifying the extrudate by contacting with the
coolant liquid, and thereby obtaining the expandabl e granul es wherein the
melted resin containing the bl ow ng agent passing through |and parts of the
smal | hol ek of tﬁ@@h@g fos manviagigsing sheemoplastic rgsis grpandable gpaalesi s 12, 000 to
35,000 sec 1, and an apparent nelt viscosity of the resinis 100 to 700

poi se. 15 Zomphisined thedtepoof:manuf acturing thernopl astic resin expandabl e
granul es according to claiml1, wherein the small holes of the die have a

dianeteg of 0.5 HocknPa 'BTBWiﬂQQ%e%t LAqg tpl'e%E‘lﬂ'E 6% thdrMBpRER fesiiQlIBeh isS 2 to 4

mm 20 3. A nethod for manufacturing thernoplastic resin expandabl e granul es

according melted 1n an extruder;

extruding the melted resin containing the blowing agent as an extrudate from a
plurality of small holes in a die attached to a distal end of the extruder directly into a
{ coolant liquid, and directly cutting the extrudate by high-speed rotary blades ; and
10 cooling and solidifying the extrudate by contacting with the coolant liquid, and
thereby obtaining the expandable granules wherein
the melted resin containing the blowing agent passing through land parts of the
small holes of the die is extruded such that a shearing speed is 12,000 to 35,000 sec™, and
an apparent melt viscosity of the resin is 100 to 700 poise.
15
2. A method for manufacturing thermoplastic resin expandable granules according
to claim 1, wherein
the small holes of the die have a diameter of 0.5 to 1.0 mm, and a land length of
the small holes is 2 to 4 mm.
20
3. A method for manufacturing thermoplastic resin expandable granules according
claim 1 or 2, wherein
the thermoplastic resin is a polystyrene resin, and a temperature thereof at an

access into the die is set to a range of 150 to 180°C.



claim1 or 2, wherein the thernoplastic resin is a polystyrene resin, and a
tenperature thereof at an access into the die is set to a range of 150 to
180C. 35 4. A nethod for manufacturing thernoplastic resin expandabl e
granul es according to claiml or 2, wherein the thernoplastic resinis a
pol yethyl ene resin, and a tenperature thereof at an 5 access into the die
is set to a range of 130 to 160C. 5. A8rethod for manufacturing

t her nopl astic resin expandabl e granul es according to claiml or 2, wherein
the thernoplastic resin is a polypropylene resin, and a tenperature thereof
at an 10 access into the die is set to a range of 180 to 210C. 6. A nethod

for manufacturi t her | asgic .regin expandabl e gr | es accor di to
claim1 of 2, v#%%h%:g‘gg‘@‘éga?tgf‘ﬁ%gﬁ"??ﬁ cFin le:r%é‘g’l‘ € g1 é??ﬁoﬁ‘gg%urface
contacting wwth a streamof 15 the coolant liquid is provided; and at the
resi n- di stolvdaigi hor Zwherde, there are no snmall  holes in at |east one of a
position in an inflow direction and outflow direction of the streamof the

cool ant 1iquid tihadleﬂnﬁﬂﬁiticir@ﬁn & 4 pelgahyknd @siahand Mfeivperatlire dekdodnt and t he
outflow direction of the streamof the coolant liquid; and the nethod

conprisses,t.hg -ﬁggqﬁédigfié setth §ﬁgg‘l: ¥t b bhgoddrer mopl astic resin to the extruder

to which the el ng attac and nelting and nmulling the thernoplastic
resin in the extruder; noving the thernoplastic resin towards the die while
injecting a blowing agent into the thernoplastic resin to forma resin

cont ai ni nsq a blow ng agent; and ) ) i
. A method for manufacturing thermoplastic resin expandable granules according

to claim 1 or 2, wherein
the thermoplastic resin is a polypropylene resin, and a temperature thereof at an

10  access into the die is set to a range of 180 to 210°C.

6. A method for manufacturing thermoplastic resin expandable granules according
to claim 1 or 2, wherein:
a die is used in which: a resin-discharging surface contacting with a stream of
15 the coolant liquid is provided; and at the resin-discharging surface, there are no small
holes in at least one of a position in an inflow direction and outflow direction of the
stream of the coolant liquid and a position orthogonal to the inflow direction and the
outflow direction of the stream of the coolant liquid; and
the method comprises the steps of:
20 supplying the thermoplastic resin to the extruder to which the die being attached,
and melting and mulling the thermoplastic resin in the extruder;
moving the thermoplastic resin towards the die while injecting a blowing agent
into the thermoplastic resin to form a resin containing a blowing agent; and

cutting the thermoplastic resin containing the blowing agent discharged from the



cutting the thernoplastic resin containing the blow ng agent di scharged from
the 36 small holes of the die with a cutter into the stream of the cool ant
liquid. 7. A nethod for manufacturing thernoplastic resin expandabl e
granul es according to claim®6, wherein 5 the die conprises: a resin conduit
communi cating with a cylinder of the extruder and the small holes fornmed in
the die; and a heating nediumconduit Bgating the resin in the resin

conduit, and wherein the resinin the resin conduit is heated by the

heat i ng nedi f |l owi ng. t hroough the heatin medi conduit. 8. A nmethod
f or manuf%@E%Iﬁﬁoﬁgg%‘&ﬂbggﬁerﬂgg Plﬁe %S?B‘gh?{i% %OOM%P@S according to
claim?7, wherein an inlet and an outlet of the heating nedium conduit are
provided in the resin-discharging surface in proxinmty to a position at

which the small holes are not 15 provided. 1
7. A method for manufacturing thermoplastic resin expandable granules according

to claim 6, wherein
5 the die comprises:
a resin conduit communicating with a cylinder of the extruder and the small
holes formed in the die; and
a heating medium conduit heating the resin in the resin conduit, and wherein the
resin in the resin conduit is heated by the heating medium flowing through the heating

10 medium conduit.

8. A method for manufacturing thermoplastic resin expandable granules according
to claim 7, wherein an inlet and an outlet of the heating medium conduit are provided in
the resin-discharging surface in proximity to a position at which the small holes are not

15 provided.



