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The present invention relates to a method for manufacturing thermoplastic resin

expandable granules.
Priority 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 polymerization 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

extrusion 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 nmethod, in 5 which the resinis
extruded once in the air as a string sHape and then brought into cool ant
liquid, and the string-shaped resin is cut after cooling while being drawn

up fromthe CO%@@&tméx&hﬁrB%@'iéciz%ﬂeQlﬁtb?wb?)l §hcdobdiRy e ifite st hod) . the
f or mer nethod (the hot - cut method) has the a vantages in that %

producti VI andabl e anul es th bt aj ranul es
are easil y %%‘Be")é% rEénusepsherlnfcz ai? afg'ﬁglcg@e 1%1 E’ygﬁ]ﬁg n “Bngndggs can be
obt ai ned. For exa a nethod for ufacturing the thernD astic resin
expandabl &°sig r%&rp"@%d 7 YHEE Hgpe B tggﬁﬁdatorpa%sswéﬁqw@wgé:a dieciiben

thernopl astic resin and a blow ng agent that has a boiling point of -50C to
0C are nularetry eutien atached thethe diext rihd ether istaomethodeallstl azold e nkdted, ind equal
to or less than 40 atnospheres, and cut 15 into granules directly in the
wat er 6e. gvhich thbecsiid B ekRatidat odoe dimirenlr ad h string shajst dndahen wrougitmd cbelantbeen
proposed in which a thernoplastic resin and a blow ng agent are nelted and

nulled in I?’&lc{eéﬁd ﬂ'ﬁé%frmgtéihﬁp&ﬁ%blﬁ id éut ety dcb@lﬁﬁ'g Wate bﬁﬁ@ﬁ%ﬁﬂﬂfrorﬂﬁﬁb’ss urized
liquid, and the resin is imediately cut into granul 8s. Subsequently, the

or anul es agg,geoligd, s oK of eqa&rgtﬁggom%%ﬁms O, omg f}set%ae@ﬁyre in the

cont ai ner e granufle er enpera ur e
condi tion e uaI ter than C and equal o S
t enper at ur }‘%‘Hg‘r"’ HW V?IH%gqs(‘)Wth erodughiaty of; ‘iiﬁebi %‘éﬁ eﬂ’ét er ni ned

by DSC neasurenent (e.g., refer to Patent Docunent 2) In addition, as a
met hod f orhigha#ngfthe pbininag eranulepprs casily laﬁnﬂl@@mcwpmaml@rargwﬁwélgw 0 whi ch,
unli ke the processes descri bed above, thernoplastic resin granules

10  edges can be obtained.

For example, a method for manufacturing the thermoplastic resin expandable
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 0°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 spgherical shape, the resin tenperature
is adjusted such that the viscosity of the nelted resin at a die entrance

is 100 totﬁﬁdQQQt co‘?@dnﬁ@bﬁﬁqn% Qgen?ékrmu@aetdreaeyaﬁ& ARAERDINAHS Hiswllg 1 tO

6.0 kg/ hr (e , refer to Pateht Docunent Alternatively, as a
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i n which p yren Eﬁanul es contai |ng conjuga pol ymer

are inpre nated mnth a blomnn g |n a mat d|u a_ met hod has been
proposed i %?Fm frhagsiab epgr.aalﬂleiar%%gfie éﬁ‘hﬁrt"?%?‘? h IR, &1 edhermapasiGy th t he
bl owing agent, the resinis nelted in an extruder, extruded throu

ext rusi on résn wextradad frem a norzle diesintevaterchndichieby & bietter blge gysé extates Wbﬁ% resin
inthe die land part is equal to or greater than 2,500 sec-1 and 15 equal to
or |les§ tmamoiﬁmﬁﬁﬁt&ahalﬁeQﬁﬂwéhﬁﬁmmpﬁmbahmVH&pashéMmhamﬁguahuéﬁ or greater
than 150 poise and equal to or |less than 700 poise (e.g., refer to Patent

Docunent  4hysfea kel thkaft IR sith of ARNANRAGed & N8 endaHcE N 1 OQRQ 5h@8bi on, Second
Publ i cati on No S48 20423 Patent Document 2: Japanese Unexam ned Pat ent

Appl i Cat' sean %R ?atteAg rno%g 'l\llgle 1?@? té %ﬂ)%&g]xpgge%ferqg {T% t 3

Japanese nexam ne pl'ircation,” Firs tion 61-195808
Pat ent Do%ment 4: Japanese Unexam ned Patent Application, Fi rst Publication
ocument 3).

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, a 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 to 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. S48-20423
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 | and 2 | each that when manufacturing the
expandable 5 granules by the hot-cut nethod, the selection of the blow ng
agent, the method for <cooling the resin imediately after extrusion, and
the agi ng conditions of the expandable granules after cutting, are
inmportant. In the methods disclosed in4he Patent Docunents | 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 obtai ned, However, there is a

problemin that the mechanigpd @?g@ﬁg%ﬂ;ﬁ& VEN ngﬁed product obt ai ned by
a e

expansi on-nol di ng these expan e granules is inferior in conparison to a

nol ded pr t n I expandabl e granul es obt ai ned
by a suspMﬁ%%@ﬁmﬁﬁgﬁmﬁﬁﬁﬁm hod using identical raw
materials. This tendency becones particularly 15 significant when the
granul e di anet erlhp Saggupcuresngy | pekdtep¢tathatwBemmanufactereng the expangdifde Pat ent
Docunent 3 teaches that when manufacturing the resin granules by using the
hot - cub medrdrdks byhike hatldut wiethodsthe yelenidniofi ehertdswingdigemhihe gesthicait for of  t he
resin passing through the die significantly influence the shape of the

granul es. cobRYPWe Fesitl muh&ﬁatﬁ’@ta%@% eXRGISAEMd Be aélhgcﬁms%fftﬁek@( pahdableosed
condition that the ne t 20 V|sc05|ty be” 100 to 50, 000 poise is too broad.
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Vi scosity ura inthis range, erefore, particu y when
dinf duct | t h dabl
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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  wviscosity 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 melt 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 havi ng superior strength when fised in foaned 5 products, coul d not
be obtained. Specifically, the nelt viscosity of the resin becones

signi i capblVied GVl indRS-Gt nfRhidl {ﬁg sﬁ&?i’ﬁ?ishe;ed%gz%gﬁeﬁ Uﬁfc%iitg gf %%ﬁﬂus the

suggestions for resih viscosity and shea di scl os In the Patent
Docunents_3 .a 4 Lgh are.technal ogies in whi.ch the . resin is extruded
w thout  ; HEPEB e e s FefrcrPa0 MRS Rs senk B &8y cFlotelE when 10
extrudi ng expandapl e granul es.. I n consideration of the probleps described
above, ane‘@l‘}jlg@f’%Igffa“flﬁépeﬁfjé%@m‘swq Wﬁ?%ﬁh‘niasm‘?g? Bsteandes @ Sr‘i"ﬁnaﬁe“gcturi ng
nmet hod for therrr_qpl astic resin expandable granules that have a spheri cal
shape andl@O0¢ gacm ahi cxpendable gramilehabiesupeher stength adtennseyindpariechmed pr oduct s
havi ng a superior nechanical strength. 15 MEANS FOR SOLVI NG THE PROBLEM I n

order 3o piotiadty cotild rebbeshitaine®scri bed above, the present invention is a
manuf acturing nmethod for thernoplastic resin expandable granules in which: a

bl owi ng agent &Scifid ! AR | LN that
has been nelteds$ﬁhgﬁﬁ%g%§§g?Sﬁgfg&?ﬁgﬁﬁg??ggRngﬁﬁﬁgontg?ﬁ%ﬁgv?ﬁghblomﬁng

agent is ruded directly into ookant |iquid through.a |arge nunber of
anmt 1 ot BRSOV PR o R Sheec e o bR 48 and GG

this extrudate.is cut by hi gh-speed rotar des; an he extrudate is
cool ed speeé Slscloseduln theyPaten Docgments 3 and 4¥wmcﬂ are techno?ogtiesei\n whEch tﬂe

resin is extruded without impregnating a blowing agent, cannot serve as references when
10 extruding expandable granules.

In consideration of the problems 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-t, 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 method, the dibaneter 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  Pretit@Ring thd BlotwigSad¥Ri R 0000E£5,800RLY SeMNRNSpaRst MeltVidds 8, @S the
thernoplastic resin, the resin tenperature at an access into the die is set

I na rangg,chelineenolzeho gggg gvl‘ltglg gie fggnt? h%s:sgnslt}groélgb I'Pa(:ntd:Haﬁs BEfQ (ggl’all%feg a

pol yet hyl ene resin is us esin, the resin
tenperaturg at,.an access into the die is set in a range between 130C and
160C. PrePEMS8i§, in this nethod, when a pol ypropyl ene resin is used as the
t hernmopl astic resin, the resin tenperature at an access into the die is set
in a range bet Redsiablgoe thipsmethodche dgnptmrpdits sor!hee isVEQT-Onmaeadr ding to
the nethod of the present invention, it is possible to carry out

cont i nuougiediesitsedhghode sniadl hodesihaye athoid iepgthhef blootinng agent, mul |i ng,
cooling, and granulation by using an extruding and hot-cut nethod, and it
is possible to prfthRGliviEs %twpaﬂ&abt)ﬁygy@ﬂ@ke@,ﬁl B avddg the WMBiheplaBigr anul e

di anmeter efficiently. In addition, in the nmethod of the present invention,
when extr H%EI{,] he B€n @@ﬁﬁe‘?gure at an access into the die is set in a range between 150°C and
180°C.

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 is 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 suspéehsion pol ymerization inpregnation

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

DESCRI PTI Chh 6EobdsAWY Mabhds! dandchiabical sheh@RRblicalkh@W af foahdipratuce vBiAlleg of a
manuf acturi ng apparatus that is used to inplenent a manufacturing nethod
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or ther n%gietgﬁ;gildﬁlal:é%ﬂnﬂle‘?)fm%ﬂmtﬁ?e iy Isﬁs?e rl}OgI{ ﬁlﬁyrﬂéx‘?zsﬁagpg 11‘(:)1?1\@%9%5091”

2is alon cross-sectional vicew show an’ exa I e used

10 in the nuf act ur.i apparatus. FIG 3 .is a graph showing a relationship
bet ween tH§RW%{§@ﬁidPHaE?§ﬁPt‘?“FW@““P@%?%*H&%ﬁg?gr manuf act uri ng t he
expandabl e granul es and the strength of a nolded product. FIG 4 is a graph
showi ng a rel ati onship between the resin tenperature during 15 the

manuf acture of the expandabl e granules and the strength of a nol ded product
FI G 5 bs BRIEEIPESCRIMIIGNDOKF DIRAWDBWSHi p bet ween the resin nelt viscosity
during the manufacture of the expandable granules and the strength of a

nol ded product . FRGG i@ aisGhenagic afv Shigvh@gn exangllabi Omahifctheigyggpardthe shearing
speed during the manufacture of the expandabl e granul es and the strength of

a mol ded pRAGUG.q t:ﬁgn;ﬁ&xﬁerﬁfairﬁaxﬁfﬁlﬂﬁ%&ﬁ&ﬁédt R AlertibFMstRTNh RepARLIEeT exanpl e

of a die used In't manuf acturi ng appar at us.

granules of the present invention.
FIG. 2 is a longitudinal cross-sectional view showing an example of a die used
10  in the 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 Il - II 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 aline Il - Il of FIG 7. FIG 9 is an

expl oded view showi ng a tubul ar conduit portion of the die shown in FIG 7.
8 BRI EF DESCRI PTI ON OF THE REFERENCE 1: extruder 2, B: die 5 3, 112:
cutting chanmber 4. water-feeding punp 5. dewatering-and-drying device 6:
water tank 7: chanber 10 11: raw material supply hopper 12: bl ow ng agent
supply opening 13: high pressure punp&1: cutter 101: die holder 15 102:
nelted resin conduit 103: die holder part heater 104: bolt 105: die nain
body 105a: resin-discharging surface 20 106: rod heater 107: tubul ar
condui t

BRIEF DESCRIPTION OF THE REFERENCE
1: extruder
2, B: die
5 3, 112: cutting chamber
4: water-feeding pump
5: dewatering-and-drying device
6: water tank
7: chamber
10 11: raw material supply hopper
12: blowing agent supply opening
13: high pressure pump
31: cutter
101: die holder
15 102: melted resin conduit
103: die holder part heater
104: bolt
105: die main body
105a: resin-discharging surface
20 106: 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 mediuminlet 5 11 6a: 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 inventiof was conpl eted based on the know edge
that significant differences occur when expandabl e granul es, which have
been obt ai ngd1tnsyigdienatically varying the shearing speed and t he apparent
melt viscosity of the resin when the resin passes through the die, are

eXpanSi0”'”ﬁh9ﬁ§mhﬁhﬁ%§&ﬁP?MEtp|ate shapes and their strength 15 is
measured. I n the net of the present invention, a blow ng agent is

i njected under. .pressut.e .intg a thernoplastic resin that has been nelted in
an extruderﬁ?§H%£H§ﬁP%thg§Pﬁm contai ning the blowing agent is extruded
directly into a coolant liquid froma |large nunber of small holes in a die
i nstal | ed orl!aa:deating medigmdnlet ne extruder, an extrudate is cut 20 as it is
extruded by high-speed rotary bl ades, and the extrudate is cool ed and
har denéd by ll6@nieaatg mediwntdutlet | i qui d to obtai n 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 completed 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-lI 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 part® of the small holes are strictly
controlled, and this control becomes possible only by sinultaneously

adj ust i ng hnt kden &{erm&w?eaﬁmt i$ BEnEL® frol P &Rkl BYleRTthe §H&§nﬁ’% aeger and

the | and | ength of he smal oles, and 5 adjusting the resin tenperature
during ex i f V. on the
e g#;&‘ﬁﬁ%i}garlnﬁ}lrﬁé] w}? oSit ?%l%l? V\%]s?n W‘%fl%}éﬁ iuﬁ!s Bﬂﬁegﬁu ﬁ@l‘es 5% s?rﬂ:ttfa

1.0 mm and t th "a" (refer . to FIG. 2) of t ho
P AL S L S %ﬂ|b§c®e&mé51hlﬁﬁa¥yéat%m?%@ea Redtidine gt
i npl erent the 10 manufacturing nethod for the thernoplastic resin
expandabl étragtanewif dx be, in partipules dretdiametorandithnland kengteofithasmalt holgs.apdar at us
is constituted of: an extruder | that has a raw material supply hopper I 1
and a Bl owtjugirpodetesiipmpyraape durig ckZrukibat s connected to a high pressure
punp 13; a die 2 that is installed on a distal end of the extruder 1; a

cutting charrbein&efdkhagunmmﬁgleyn&ewmweﬁﬁo@ tﬁyaﬁaﬁl@tééﬁh@%aus in close

S |s 2 to

contact with a 15 resin- dlscharglng surface of die 2 and has an inlet
and an outl i f edi f eeds
the ci rcu}haﬁlg r%%g\rwglcg rgélﬁlhe‘ﬂcu a{%eﬁgs (g%ton‘h r§ d?h ga&p B i ng g%g?éor yi ng

fed and t 136 Daf hecamufotar fin f n%?S”LESa?Q?i on: S' &é?'e?t tank 6 that stores
t he circulatln% | iquid; and a chanber 7 into which the dried expandable
granul es are 20 L(@rivsélygfa 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 drawing showi ng a

| ongi tudi nal sectional view of the dielR that is used in this manufacturing
apparatus. In FIG 2, the reference nuneral 21 denotes a resin pressure

detecting part, p?(én%@?éﬁ%aéﬁﬁgg@l\{;iﬁgg'1<rﬁ;%itf13iﬁalds%@t?$r$ﬁvi%wddf‘?hé &F%tﬁé{ri:f. ace, and

"a" denotes the S ol es. e thernoplastic resin
heated and 5 ne|lted ip the extruder | 1 |led with a blqm ng agent that is
inj ected Cherbit this gy aét““F’gé‘PrPatrﬁtéls'bl%\Hlﬁé%eﬁ?er%&u?e%gmdﬁ%ti ' punped to
the die 2 after being cooled, and extruded fromthe small holes 22 into the
cutting cHesiberesgire diectingpred2 denoles swakhhaleni2dglenples Bdipfreigsuaigentand s
extruded fromthe small holes 22 to contact the <circulating |iquid inside

t he cutting” dormndsehe Bnd tmpth ofithe smahlooles. f [Thlk ehestmaplastoyresindicated bt 10 3 1,
formed into a spherical shape in the liquid, and cool ed. The expandabl e

granul s fhdRl ineexResh 119 riRed With@ HowRBaké M What SRRt Mnl&Srédsheul ating
liquid are sent to the dewatering-and-drying device 5, and after the
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(1) Here, "c" denotes the shearing speed (sec-1), "q" denotes the vol une of
t he resi n codiagensihg blovdng agantisexirydes) frgya thehwnadl holep2Jewenteet thhe rati o of the
circunference of a circle to the dianeter, and 'Y denotes the radius (cm
of the snalidculatthgBquid 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  contatning the blowing agent passes is calculated by the following equation 1:
=4q/ (r13) ... (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 "t" 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= (APm-grd-p) (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: TlI= (AP-7vg-r4-p)/ (8QL) ... (2) Here, "'Q"
denotes the apparent nelt viscosity (kg/(cmsec)), AP denotes the pressure
| oss (kg/cnR) of a small holes |and part, "70 denotes the ratio of the 12
circunference of a circle to the dianeter, "g" denotes the gravitational
acceleration (cmsec2), 'Y denotes tA& radius (cm of the small holes, "p
denotes the resin density ft/cnmB), Q denotes the resin nass discharge rate

per snal | Mhl%f&r&g;/e%%)cucﬁwtﬂe HERQLES:" dehibteb aﬁ%réﬁﬁ%ﬂihl G&BerMod he smal |

holes. 5 More concretely, the detectéd pressure at the position shown by

ref erence ah w Y] I. val ue of
"g" is 9, %W)/se(%é%ndt%tﬁé (5101% t(hr%?]HF@gégﬁg@Q e%smaq(PGIS @F ﬁ’zn%“%e the die 2
do not nec al | scharge the, resin effe Ve fectlve
hunber of KEEES =f<ifier@afrsc$ tepin Hass gischarge @t peg S@&ﬁil l%@aﬂé é@mqsng t he

mass of 1, 000 obtai ned expandabl e granul es, and the average value t hereof 10
serves as thalanddengtll (cgnahthesmalidwlesThe nunber of hol es effectively working
is calculated by conparing the actual granule mass with a theoretical

granul & nmass valMere coRéretelyheerdetecedIprgr@bul e pasiton slove hysreGabmel at ed from
the mass of the resin supplied to the extruder | per hour and the nunber of

cutting pegfuploMr 1y Fide is Wbddels tl%—va(lﬁé"@f ARhAd ﬂ)@'@alu@léﬁbgrls@qmoréﬁﬂﬁecz the
nunber of cutters), assumng that all of the smal es 22 are

ef fect | vel iy Mokh g AGRr s%aﬁ'ﬂmﬁ&zgo %tﬁeqeﬁstz'qgn}oﬁ g, ADGRULAR poed .o

i s proportidnal resin qua om one srral I
hol e 22, and invers pr ort third poyer  of e radius 'Y of
the smal| KIRE ewefyHéwﬁo bifs ﬁgogsp@éaaleﬂrlatme o aug fis cleuted vy

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 acquire 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 grafules acquire a flattened di sc shape.
In addition, when the shearing speed exceeds 35,000 sec-1, cutting by the

cutter 31 4 f avor abl I - [Qj ' I IO ed on the
granul es, %ﬁcgg%%\/%%f ?hﬁ'g" o‘fr%f% ﬁ@onsf)agéswr?agﬁ%g O%&&%aﬁﬁl%%%%gﬁ}vﬁg&glﬁﬁ %j the rate
of discharge of the resin fromthe small holes 22 can be sinply adjusted by
using a di'&SBaFAGCITHIFBEPUS! hol es depends on the anount of resin supplied

5 per hour to the extruder 1, and the dianmeter of the small holes 22 may be
0.5 to 1.0 nm \Nese thevatedifabinsharge ekdeaesan frow thesmall heples dhean eisimplyul t to

adj ust the shearing speed equal to or greater than 12,000 sec-1, and

al t er nat i vajustediidyaningastic £ hdiosOmmanof hdles dgeadesen thifafrioantd df résin awjplisd t he
shearing speed equal to or less than 3 5,000 see- 1. This is not

pref er gbl ger hSur'th RAKLIGN, ahdthRdHFRetd DI AL hdll IRAEET GaY beXBaRdakthe, 9r anul es
fromwhich a foaned product having a superior nechanical strength is

obLai ned by, GRANG)Rer e | NIBER BB Alud B, ARBRISRLT

viscosity 0 € resin assihg rougi et ween 100
Vi scosi {y SOGaip gpgrebiitan 12908 A g Slasy 50s WReh i fenOneiredi n Ts. passi ng
15 through the small holes 22, that is, the resin pressure in the die. The
adj ust mentbegemesdiffiqulide adipstabsshearingspeed equatitooertlessyhanct® (09geehe Thivger at ure
of the resin during extrusion. The higher the tenperature becones, the
| ower t he noegteferable.
10 In addition, in order to obtain spherical expandable granules from which a
foamed product having a superior mechanical 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 is, 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 snmall holes 22 bédones high, and thereby the resin
tenperature adjustnent for maintaining the proper nelt viscosity range

becones diffdw stthé resinihl 't]?é%dl§p6}ﬂbn Hét@ﬁ&%ﬁ:@l £&d thdstagehdd @B sizdhemhetcdle | and
| ength "a" is |less than , the 14 flow of the resin in the hole portion

deterlorat 1A “ﬁmgwﬁgg@§Mﬁa?ﬁHQﬁE%F53M9f the cut granul es becone uneven,
en

which is ﬁ% prerera VISCOSIty is less than 100 poi se,

suppressing the SIO of the u during cutti becanes_.difficult,
adhesi on betmeeﬁﬁﬁﬁﬁg d?ﬁﬂﬂﬁ@%k%§3@ﬁdgéﬂome@“&ﬁ Hg?ﬂ%ngﬁPgﬂﬁles are
expansi on-nol ded, only a nolded product having a weak mechani cal strength
can be obtgsimdes during ewtting beasimes dvifiewlt. Hkesinsl hetweendbe putyeranules éeieauseho poi se,
al t hough granul es becone ones from which the foaned products obtained by
expans bon-and wien theb@y@nales s ek pansioimadlded, oaly sinbkiad produebicavaepanekd, t he
shape becones distorted, and the expanded granul es that expand into these

f oamed prqushSical Qtraeg@peﬁl td @Jtalﬁé@n lﬁllee‘%natwle}yswh&hﬁe frdld \g¥coRtyoRRELdses

deteriorate when filled into nol during ol ding, the size and t he shape
of the ex e f roducts
are unevon OB BRLIER IR na0R E?ﬁaﬁaﬁ%ﬁ@gﬁ?ﬁ%&@ﬁwﬁ)&m BRUfaE o7

range of the a pare t VISCDSIt eferabl 0 500 p0|se
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invention, while not particularly Ilnlted are- polyst rene,
styrene/ blheg@n@ﬁbst@@gb Rydrihesxpanded 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 chioride,
polyvinylidene chloride, vinyl chioride/vinyl acetate copolymers; olefin resins such as

20  polyethylene, polypropylene, polybutene, polyethylene-vinyl acetate copolymers; acrylic
resins such as polymethyl 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 pol ymethyl acrylate, pollget hyl acrylate, and net hyl

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

ter epht hal g a%ﬂategﬁﬂly&hgrmﬁh@ WoslibeRABIBhE! fid I BRHE BSHNS ARAD tRSe,

polycaprolactone and poly hexanethylene adlpantde and separately or in
conpounds of ur.et hane carb i m de, pol yphenyl ene
et her, ancfn%mﬁ)m?/1 ltrle%nsa%nl,dcf&é—mwlgﬁm 7S lcu}arll’y Ichz:‘ e\Ig}lﬁ%yl resins and ol efin
resins are particularly dvangateou npl es of bl owi n agents that can be
used in the preddRmpieipERlavRE ageats tﬁ"&l%ﬁ%i‘?"é‘ IR RS ESRLBREON @ as pr opane,
normal butane, isobutene, normal pentane, 5 isopentane, neopentane, and
cycl opent ashighatést yaslraradhoohsueh adiprgahg: noghdl dutzandseliuggrieynorarahpentangar i ous

al cohol s such as nethanol and ethanol; and carbonic acid gas, nitrogen, and
wat er . 5Anoisgpehiags aeopdiana) anahatiopedtysh: etarsBacisasadimeddV ahtegealishyland
furthernore, separately or in conpounds, normal butane, isobutene, nornal

pent ane, QLihdrSPRRAL AREhAE ﬁtchraélh{e'tlfa%lae[nh)étt?a&j YRR ALEBYRe a&hgaﬁﬂﬁ gfiegmount  of
the bl owi ng agent can be increased or decreased depen ing on the target

expansi on [ of th | ran u n f 2to
15 parts by%wé%ﬁht pe%g%%ggqg??§ﬁﬁg tf &oﬁ%b%ga%a%ﬁaﬁﬁ pt gp%%%%'P
Preferably, a bubbl e nucl eating ent, mhlch is for adjusting the bubbles
when the %R?fé‘i‘? aH118 CHPaH adé & §0'\’}6'?ﬁ5’oﬁ?}’6@51 PER{ARS> PHEORSRLANR are
conposition used in the 15 present |nvent|on Exanpl es of the bubble

nucl eat i ngpaaid@narin ddaantagaoupe Theeadded amount 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  presentinvention. 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 flanme retarddfit, an antistatic agent, a coloring
agent or the like may be added. The tenperature of the nelted resin differs

dependi ng 9 @xddiR thy/REinUireb @B Into & NGbidiss that 8RUx Al Riss-8lpbd é’xﬁaﬁ@abtl@ nper at ure
of the expandable resin in the access into the die I1s adjusted to 50 to

100" C aboyesh B! Ll PObRLer iy Sercf B8kl bRl @ gl gsfiecessary 16

to extrude e resin-direc I nNt'o a SO extru

string-shaped expa bl Jesin does not expand. Preferably, the. tenperature
of the IidBP]&“‘ijééﬁqggFO ?‘I‘HQIPE@T an g Jesip femreraye aig'é wAFSD %e drer t han

the resin tenperature at the access into the die. For exanple, if the resin

to be used is aFer gxammie, ik nesin o heqiserbis@sstyene repinhib istnepersary 3o hegdithe t o about
200 to 230'C so that it will nelt conpletely in the extruder 1. However,

t he t eBperredinitecabolit 200eto 280t Mo that hevikharéempittay ihthe dkteudes 1 pr Eoeead] y as | ow
as possible wthin the range in which the flow of the resin does not

det eri or atRe teRipefRird Bf the 30 In the BccebLintoSfle fic i PRFPEE RS Réibkhe |1 quid

used to cool the resin at this time is preferably 30 to 60'C. Warmwater is
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is too high, nul'es™expan ther,
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of the small holes 22 occurs, which is not preferable. In the case in which
t he resi n %0d088°Gis eWaing watep el spdlably pethe liaesh n (t 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
temperature of the liquid is extremely low, the resin in the small holes 23 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 is 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 160'C, and the tenperature of the liquid used to cool the
resin at this tine is preferably 20 to 50'C. Furthernore, in the case in
which the resin to be used is a polypropylene resin (the proportion of the
pol ypropyl ene to the resin as a whole 18 equal to or greater than 20 50%,
the tenperature of the resin in the access into the die is preferably about

180 to 21QEmtasWitk e dieMBESRRE Endlodidifiol bk tbadffe fanweo! Thigsresin at
this time is preferably 40 to 70C. The expandable resin that has been
i

extruded (] i i Fquid, .| i i after
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contact with the dje face surface and cooled to rm expandapl e granules. In
this nanﬁ’éwug‘a&agaﬁgraﬂu EDHE PENOY! ﬁ%‘“t’lﬁ@fye%h?ﬂ%ﬁtla?f] BoRcrarans et
appropriate range, the manufactured granules are al nost conpletely

spheri cal thandthpdigmettir afrtedodesdn thyhti¢.y Thereypandablegronules agi eonreyad albng he hol es
in the die. The expandabl e granul es are conveyed along 5 with water through
condui 6s, wittdwaki dfFoughicogdulsy@ideitee beng dewitedd aad drietthde hadedn® a product. To
manuf acture foaned products by nolding the thernoplastic resin expandabl e
granul es gp¢dficned by the method described above in a nold, it is possible to
use conventional well-known expansi on-nol di ng net hods and apparatuses. For
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t he foamed products having the desired shape.
conventional well-known expansion-molding methods and apparatuses. For example,
10  in the 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 1s 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 expandable granul es having uniform
gain dianeters. In addition, in the nethod of the present invention, when
extruding the melted resin containinglBhe bl owi ng agent, by controlling the
shearing speed and the nelt 20 viscosity of the resin in the |and parts of
smal |l holes of theudixammdhin a predetermned range, it is possible to
manuf act ure stably expandabl e granul es from which foaned products having a

rechant cal | St el SRLLAAL Bk b-LAIRAGAL AISRAINNAL BE Y, expandabl e

granules that a tai ne a suspensi on Meri zati on net hod are
obt ai ned, and whi ch was ggfflcu when usi ng .t he conventlo
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clarified by test exanples conparing test exanples of the present invention
wi t h conpahaeenvenéonahmedednade using the conventional method. 5 In the
foll owi ng test exanples and conparative exanples, the values of the

spheri &ity of tHe thrfellexipgneke dxgnplasiimeiscoarpdrative extemsed, yheawathiet bétiiel exur al
strength of the foaned products are neasured respectively by the follow ng

met hods. %%H&%igfdfwe #k-ckpmded grafam@aﬁ@ake%wlaﬁaﬁquﬂlexmdllg!tréﬁg% spericity of

t he pre-expanded granul es, the pre-expanded granules 10 obtai ned by

expandi ng ¢ g SERARISRLS, OLARYLERNRLE RIBL HIBNSH, kapgyer i caliper, the

grain dia S rreasured argest dianeter W1

and the smallest i anet r VW were eétrac]ted and the sphericity was
cal cul ated by usTRgeRHY © 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=W1/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
Pl astics and Rubbers: Measuring the App@rent Density” in JIS K7222: 1999.
Specifically, a 10x10x5 cmtest piece froma nol ded product was cut such

t hat the .piece was not altered, the nm t her eof
%ﬁg,kneg?]%irngﬁltééjf ﬁo@ingyﬁ%%ﬁcg'%i). p! S Ss

was mnmeasure ensi t t'ai ned using the follow ng equation(4):

<Fl oxutal st r onbER Br R ard gt s rotule LRI D, cngth was mensured

by the nethod disclosed in "Expanded 5 Plastics Heat Insulating Materials",
JI SA9511: 1999.<§B%BF4FQﬁﬂﬂh%ﬁfﬁ%Fﬁbk§P$@H§Plon general testing nachine

UCT- 10T (nade by Orientec), the test piece size was 75x300x15 nmm the

conpr essi on r at dhevdlsxurstrength, was meeasigsdhpthe metbloddikcl@Rdlinddipagdetbse and | OR
supports, and the di stance between the supports was 200 nm The neasurenent

was  CBI I ipgftiedHeat AhIARE MAterdl&alISAOS eNdHhg Wospeedicall, atiag al¢nsifonng t he
follow ng equation: 10 Flexural strength (MPa) =3FL/2bh2 ... (4) (Here, F

denotes t el arganl ddRIRTAE T BPEnidby bridRASHES dhGied S3ANSET A1

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 ... (4)
(Here, F denotes the largest flexural load (N), 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 1 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 pol ystyrene resin (Toyo Styrgme; HRM 1 ON). This m xture was 20
continuously supplied to a single-shaft extruder having a 90 mm openi ng

dianmeter at _a .rate of 100 r.hour. The te rature . in.the extruder was
et to.  nemtaiotiirsenat 6 sREr BFSkindky Bt FERERLLIC M ME R, |6 par s
by wei ght of isopentane as the bl ow ng agent was ini)ect ed under pressure
into the PESPYHC phthe Feincasgessantathe e wag maipsaped at 14dPe.dhs Howing bl owi ng agent
were nulled and cooled in the extruder. Wiile the 20 tenperature of the
resin at apetenstaming heltedxtsincas eviagledwian die med thetcuttit@Chaméiet he pressure at
the resin access into the die was naintained at 14 MPa, the bl ow ng

agent - contamfivaati®g wRH tHeadié Andmsvidet s0rdedavt Rascifulatingtandt he cutting
chanmber conmunicating with the die and in which 40C water was circul ating,

and 5 51 M ARKANS!Ythe LREudE! 1Ak by Wiatf ol i iclfic RS 10bHbnY cul L er

that has 10 bl ades” arranged I n the circunferenti direction. e die has
150 sl | ohehen O AR ST, SR A R U5 2 0L >
expandabl ¢  granul es. The obt aj ned expandabl e granul es had no defornmations,
burrs, or digmetsriof 8.6 mmpnddangt lspgthed” patd ﬁl%s'?hep‘é#t gewples resptisdeal  shapes
with dianmeters of approximately 0.8 mm At this tinme, when the shearing
speed and deweatemdpandatried e bbtaini the ogiangatdé grahdesrel Thedbtasxidrexpamtableni ng t he
Plow ng 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/ecm’, 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-expanded24§ranules were filled into a
300x400x50 mm nol d. The foanmed product was nol ded by bl owi ng steaminto the

nol d for 2QampleandThakq@pm@AUdehde@SxbinBledf is thelsakid/s6 Mat oNheltél 8xdrple, the
sphericity of the pre-expanded granules 20 was 1.15, the density of the

obt ai ned f mels : 0. ?ﬁué . h was
nmeasur ed e{%%ggpgglgl\tﬁg&g ggﬁgaﬁgngﬁﬁﬁﬁgg@g{% g%gén% e éhrteﬁ?}{sllgggé resins
and conposition were. adopted,.a he,test 21 anple 1. The equi nt of the
est - exansTiuson SRS e S Sad A 258 ePprteP IS ibfrsch ot PEScEPPeHy ¢ he

nodi fied die. The expandabl e granul es were manufactured while the extrusion
condi t i ongngyitoddeddn adnald simiklytte theded epanpladi e The apheriesy akthe optainedy panded
and nolded in a nold simlarly to the test exanple 1. The sphericity of the

obt ai ned Prepexpaedpbgrdedegaraithé densandnd Aexuwlangiength ahthefmhasted aodedts eagt h of
t he nol ded products were neasured. The specifications for the die, the

ext rudi ng ngABEd. ONise spbiSicatRiR Toictht MicOthe ek@udiRg EorfIXRMIGBE sghedioiy 86theand t he
density and flexural strength of the nolded products are shown in TABLE 1.

<Cormar ! SRR el 8030 ir L RATRSIA) RO B3k e sare
t he test e ggghglgBLﬁlthe sane as that of the
<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 extrudgpg conditions, the sphericity of the
pr e- expanded granules and the density and flexural strength of the nolded

products are. shown TABLE, | d TAB 20 . Test . Exa t,est

el 3 W%f%ﬁlage b Bsipanasd SRR Ay Beftng i@ aa%%imnbedfatﬁlﬁ resin
was altere e nlxtu e of pol yethyl ene sin (Ni ho | yol ef i - JE |

| | D) a W@n%n REEIUGR R QWQrPéOC[QR T Wi tin Yt 1S08 Metifect i vel y

at 60/40 nass ratio, and the expandable granules were obtalned The

obt ai ned @xplaiﬁdatbbéesg@amml@b 2Phe sphencityefdhd preoxparded gpanlgsandgtgnul es in a
heat i ng- and- steam ng contai ner imediately after manufacture, and
subsequentdeysityaanti der®@l srengthodfl themokiad piadacks s rirasisadre Tietdpecdficamnshat in
the test exanple 1. The sphericity of the pre-expanded granul es and the

density ang tfhhaw&ﬁlexﬁ%@ﬁlggdauﬁinsttti@s;mahei@)doﬂ%@ HC Dak@es! %ﬁﬁgﬁgﬁtgﬂhg o

specifications 5 for the di he extrusi on conditions,

the pre- expaoded granul g n%{eo@%&%dux PUpLAABLR [onoth of he

nol ded pr s are s est est exanple 4,
t he sane apparatus as the test exanple 1 was used, but the 10 resin was
altered to the mxture of polypropylene resin (Mtsui-Sumtono Polyolefin
KK: S 131) and polystyrene resin (Toyo Styrene KK HRM I ON) m xed
respectively at Tegdixamphds ratio, and the expandabl e granul es were
obt ai ned. The obt ai ned expandabl 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
KK: §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 sph@dicity of the pre-expanded granules,
and the density and flexural strength of the nol ded products are shown in

TABLE 1. 300 pERipanaidief R Rhfudiin hfvAcr GRIRGh Rkl kg 2KPRRIR: entind a

conposition of resinis sane as that in the test exanple 1,7 but the resin

was extr U%?%}x%%ﬂ@éﬁe%?ﬁ@ﬁ{b@@%@e@ fg?l‘r%arn%]aﬁgﬁ Y}Eat}e}{%gfggsg‘%‘}ﬁ&%& fof1d CUl

into resi es wer a pressurized
contai ner, isob e,..Servin t he bl pwi ng agent, was added at ,15 parts
or et gniobS B Some e BlaiRaitrobH s Binigimineant (oS GEter modi um
havi ng a di spersing agent and a plasticizer (toluene), and a bl owi ng agent

i mpr egnat itk the expapdable gragulenyveicataiad. f dhese expendablegramuies werpaadesi n
granul es were cooled to roomtenperature and dewatered; then the expandabl e

gr anul 8s \emndomixtdyprodutts Byhihe carax prtinddlak ehagirathe keasexamtpte madEhdddnsityarddaned
products by the sanme nethod as that in the test exanple 1. The density and

the flexurpd NSlrAREEAIOb] hBSodnRRARIIRE AUREWANETARLWYD i N TABLE 2. Test
Exanple 5 In this test exanple 5, the sanme apparatus and the 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 t resin s discharged, and the expandabl e granul es were
manuf act ur ed mhﬁgﬁigﬁfﬁk¥?ng 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 conditions.

The die B used in this test example is shown in FIG. 7 to 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  An interior 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 ts inserted into the die main body 105. In

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



The die B used inthis test exanple is showmn 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

t he tubular conduits 107. This die B ha% a die holder 101 that is fixed to a
distal end of the extruder (not illustrated) and a die nain body 105 that

is fixed L el cofdisl7! 4 idbarliRl @8 t%gﬂsluraﬂy%?sﬁlm RblOToPf the die

hol der 101 which forns a tube, serves as fesin conduit 102 that

cpmmnl Cag?o%lcy‘\é‘dto%etatkre%%ddlg rger}ges%xttacr:eu%a Ref erence nuneral 103 denotes a

die hold part he rence tnuireral 104 denotes a bolt for
attaching the die main body 105. A plurality of Eﬁ heaters 106 i nserted

into the die rrar”*rFu B‘if?atll@SaCPﬁer rpfgting ¢hadt 199 3 eies blde syportBembed | éﬂd of the

extruder through the nelted resin conduit 102 24 and the tubular conduits
107, and isd eydter koivds § kloim achanmbdated intthe ofttisgrelidmbsoll E5tha0ig copregtedded on each
resin-di scharging surface 105a. A cutter that has a cutter rotating shaft

109, ab5cuidsti-distiageng safRe tl 0SEstRis dielB, andahdcttifd éfantbiet VEShds all, 1S
accommodated in the cutting chanber 112 that is connected to a 5

resin-di sehangimdigs (c%ﬁf%mll@cﬁﬁ‘d)%lcﬁ h]!35an€l'aecn@ulaﬁﬂ h%ﬁﬁ@ obHéti189 gh@agber 112
has a C|rculat|ng iquid (coolant liquid) inlet a circulating liquid

outl et 11éutt+1g ger l‘fﬁltthé {:‘lﬁte shaall'g?cﬁate&' Zth cugul %l?am%q a%&r tl% 2 E din the

circul ating dISC e T’esin-di schargi ng

surface 1 ately c ln the and e obt i ned granules are
conveyed g‘tﬂcah méﬁ%ﬁeﬁwl RIRHE SUEAT <l b lé%madﬁe& cahgl PRer 54 he
flowng water (circulating liquid). The die main body 105 has the plurality
of the tulthd ¢htaingshgranules are zonvesied 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 Pand 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 (prefeably having a central angle of 10
to 50") inthe inflowdirection and the outflow direction of the water

stream (t Rfeas PQAE RNvhbA tidiveld Hohf@BLeér SR fiR3d N- di schargi ng surface 105a,
and the areas R (preferably, having a central angle of 10" to 50'), which

I's orthogonal theL G,y Epﬁ’xe%‘ﬁlghiéﬁ%&ﬂg 88,2 905% %&%1?&@&89 chéfr%ﬂ oS Qé

and are not fornmed I n areas can be un

resi n-di schar.gi ng.surfac O0pa of .the die.npnin body 105 . s.circular, and
he srml & CHOVRUE IR B 1 ARE el og heco disinargingcpiiogn Tisa alnsih Bet or ¢ hat
is smaller than the outer circunference of the resin-disphar?ing surface
105a and idireetimmcadthe ¢iecutaging Hauidrowdetnll4i andribe iifinapdstight divecticms al dl y i n t he
areas Q excluding the vertical and horizontal 25 areas P and R when

vi ewed5f r oesit-iacleeging surfice t1hga aighokieh theMéedtnint othopbnal ethe dirkctioati thathar gi ng
surface 105a aligns with the direction of the <circulating liquid inlet 113,

the top ofcohhi@ts'tBSEifcullithe MALMI At S inAaRe dithdatdl 1B0M Mitlkh1tde direction of
the circulating liquid outlet 114, and the left-and-right directions of the
5 resin-di schargi pg siif | A ] ' Qg9 to the
direction that conneéé?’stﬁgﬁrg}@??lg%:l%%%&% I a}%gheﬁﬁﬁﬁ%ﬁgd{%&ﬁa&t %e'a%
circulating liquid.,utlet 114._In th i . L he I Qﬁles 108 t hat
i schar ge Tonen A TRt s S ot i st gP 1 S ey AR arERER S o1 5.5
mm and a total of 160 small holes 108 arc_arranged on a circle defined on
the resi n<#risdshine emthe iesingdischrogng surfase 463a- | HsisepllholsdPB ardiot 10 provi ded
in either the areas P (having a central angle of 25'), which lie in the
i nfl o0  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 1@8 is provided in the die B. A heating
mediurn inlet 11 5a that connunicates with this heating nmediumconduit 117

IS _provi degefiin} HS304PREE c@&ﬁ'atbcp}?ﬁhe § A2 rhedlin K:S‘r?du'itelsib%fﬂ{eﬁﬁ@ %ﬁ&fe@ﬁ surface

105a. A heating medium outlet 116a t cormunl cates with eat 1 ng
medi um condui t .1 rov, t eft. ar on the

resi n- di schar é fftﬁ%(éur& an% Itl]ﬁz e é@d@‘f"ateé‘&{wﬁ%‘ﬁ%ﬂ% the resin
was suppli ed to th e ruder at a rate of 1 per. hour, the hi ghest

t enper at ursENEYAnE RS :btiét‘&h -Shged mryeaﬁgweeﬂcaé tfpﬁtoﬁempsé? teSt gapmlc gto

i sopent ane based on the wei ght of the resin as a bl ow ng agent was added and
m xed i nt obtdetheezspandablagranubesr esi n was i ntroduced into the die B while
mai ntaining the resin tenperature at the distal end of the extruder at
168' C. 5Wi | e t haherdsiplessufeiatthd1gecdS intab diddwazti2MPa.C Miesotdifiqll at ed in the
heating nmedi um conduit 117 of the die, the resin was extruded into the

cutting chaphefablkbadules W& Rttt ﬁlé"%ﬁt?ﬁca@ lgfaqluieehsﬂngaqmﬂ%tt)mﬁpsl y cut

by hi gh-speed rotary cutters 1dent to those 1n The test exarrple | to

obt ai n the an bl e ranul ressur in C into the
die was 12 D ﬂ%ﬁg%h%%g?h%aﬁﬁegs ?ﬁgé%gs 0?}%6 %'I“hosut Stﬁ thsepherl cal
granul es havi ng d| anet er _of and the poi nt. was .ascert ai ned t hat
there wer doft&TERPE N dytrrmg st gﬁf@ﬁ%ﬂ@%hﬂ%@ﬂn&e pyaberof guts padyrespeghig e | i n
terns of the relationship between the nunber of cuts with respect to the

resi n- di soRsingisbprgingeatapud theergrndmdinmetar. andtherresiantesyuie in s perey idtsure in
the access into

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. When 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- | and the apparent nelt
viscosity was 3 52 poise. Pre-expandi ng 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 sphericity2®f the obtained 15 pre-expanded
granul es and the density and flexural strength of the nolded products were
measured. The ngagyjfepents are shown along with the extrusion conditions in
TABLE 3. 27 TABLE I TestTest exanple 2Cbnparat|vernparat|ve exanpl e

lexanpl e pgexampte—2—Used—+anw-raterial In%
(100% Ml d Hol e di ameter (9. 60. 50.%6 & g%%??”?ﬂmt 5 6%?‘696%100
Land | ength (m)3.53,.53 55 (¢ lagent exmple 1 cxample
Typel soperdssf&ivs matsntahite Mbhh 8SHERYPS ddENt18A%) | npt BSAHIAE armuhPS (M¥Es wo |
Resi n terﬂdddture (C3170172210170 Pressure at ac¢ess intol421p121 netal nold
(MPa) Hole 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 [sopentane | 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/enr’)

Molded product flexural | 0.65 0.58 042 0.70

strength (MPa)




‘Cutting chanber water40404040 tenperature (C) shearing speed
(sec") 15, 60831, 00736, 44513, 158 apparent nelt viscosity360240210894 (poi se)
Pre- expanded granul el. 151. 101. 381. 82 spheri ci tyooAX Ml ded product

st rengt h0. 0250. 0240. 0300. 026 (g/cm 3 ) Mbdl ded product

fl exural 0. 650. 580. 420. 70 strength (M
3Test exanpl e 4Conparati ve Exa

a

mpl e 3ex‘%ﬁrp

28 TABLE 2 ConparativeTest exanple
le 4 Used raw materi al

(% wt ) PS

(100% PE (60% PP (60% PS (100% PS (40% PS (40% Mol d Hol e dianeter
(mm 0. 40. 60TABLEHA € nunbers (unit)240150150- Land length (nm 3.03.53. 5-

Bl owi ng agent Typel sopent anel sopent anel sopent anel sobut ane | npregnat ed anount

(% Wt ) 66

(arter Comparative | 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 [sopentane 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 -
0ise)
Pre-expanded granule (burrs) 1.18 1.25 -
sphericity x o 0
Molded product strength 0.025 0.036 0.040 0.025
(g/em’)
Molded product flexural 0.38 0.52 0.46 0.56

strength (MPa)




i npregnation) Resin tenperature (-C)214152202 Pressure at access into

net al 241218 nold (MPa) Cutting chanber wat er403060- tenperature ('CQC
shearing speed (sec45, 30418, 721- 32, 445 apparent nelt viscosityl160240370-
(poi se) Pre-expanded granul e(burrs)1.181.25- sphericityx00 Ml ded product
strengt h0. 0250. 0360. 0400. 025 (g/cm 3 ) Mol ded product

fl exural 0. 380. 520. 460. 56 strength (MPa3929 TABLE 3 Test exanple 5 Used raw
material (% w)PS (100% Metal nold 0.6 hole dianmeter (nm 160 hol e nunber

(units) TABLE 3

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




3.5 land length (mm bl ow ng agent |sopentane type 6 inpregnation anount
(parts by weight) Resin tenperature (C) 168 Pressure at access into nold
(MPa) 12 Cutting chanber water tenperature (C)40 shearing speed (secl3, 691 V
parent nelt viscosity (poise)352 Pre-expanded granul es sphericityl.10 O
Mol ded product density (cm0.025 Ml ded product flexural strength (MPa)0.070
30 According to the results shown in 33BLE | and TABLE 2, the pre-expanded
granul es made fromthe expandabl e granul es manufactured according to the

net hods and appPRE&dihy t0thel RSuISROWR KATRBES 1ln8NABLISGRE PicnGphiddhe present
I nvention exhibit an Tadvantageous sphericity. In addition, en the

obt 21 e 0 AMMLER R TR TBIS LA QRIREL ARLAUEI ol BB BN

fl exural rength s strong, as a ren _ nrerior to the
Chown | h RECBGRBEEN SRl G0 SR Eiihs HESH ANGHED SR Hpr egnat ed
after formation. In addition, the expandabl e granul es manufactured in the
t est ex amﬁé@tgeous sphericity. In addition, when the obtained granules are made into foamed
5  products, the molded product flexural strength 1s strong, and has a strength that 1s not
inferior to the molded products made of the expandable granules obtained by the method
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 3, 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,



and 4, although they cannot be conpared directly because the resin
conpositions of the 10 expandable granules were different fromthat of the
conparative exanple 4, have a granul e shape and nol ded product strength of
practical use. In contrast, in the conparative exanple |I and the conparative
exanpl e 3, because the shearing speed of the resin at the |land parts was
too high, the produced expandable graBilles tended to have sone foam and
burr-shaped projections, and thus the 15 strength of the foaned products was

al S0 extT affk BB R GPIRAIAL L Y&s SHARL Sy 8revgﬁ{ﬁ%%§c%g§gr%enﬁ poghant el t

viscosity of t resinin t rt was e produced

expandabl es at the her|C|ty of d granul es
was extre %ﬁqggtﬂ‘ %ﬁ‘ﬁh‘\%g}? TR Sdi f‘"ég ﬂ,oqngé'xaar?s'qg E@&ug ‘gt%g&’ganded
granul es at the surface of the nol ded product was uneven, and thus the 20
ext ernal appRsaibleeanaitaiag lowdie aressuse diurrextsipaRLNotg thatin thiwdie it exanpl e
5 it is possible to manufacture expandable granules stably over a |ong
peri od of wasmpessiEdath aitainhle dhweof dlogeing prevabioaibygdoviding amddbbles §oaul es had
a high sphericity, and when these expandabl e granul es were

ex pansmmmt stbut ﬁ@tlMopﬂh@9usit1§nshavnengﬂaw$fqmatdrprl3%& enRdhiflywr e obt ai ned.

That is, the die B used in the test exanple 5 was effective in
preventin ge: 1M sinis
di schar geghr% gglgfalgg)ga{ee&sl%ﬁﬁ It a\ﬁgs letlgogl? %R%rﬁﬁgﬁomﬁégﬁggggﬁbl eto

vas possi BHSY deeR S AL GeEP P bR I R PeGs PR by pr ovi di ng sl |

holes 1 08 at 5 | east one but not both of the positions in the inflow
direction 113 arddeinbencq ¢fcach otﬁhﬁ@etan@mqmthsﬁb%mréi madust segngtam and t he
position in the direction orthogonal to the inflow direction 113 and the
out f | ow di recti &BG.B1té HIEG. 6 tre grapthe sheting dra 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 moided 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



The influence of each of the paraneters on the foaned product strength FIG
3to FIG 6 are graphs showing the result of investigating the influence
that 10 each of the parameters had on the strength (rmaxi mum fl exural | oad)
of the nolded products obtained by expansi on-nol ding the expandabl e
granul es when t he expandable granules are manufactured by using a

pol ystyrene resin identical to that ind32he test exanple 1. The paraneters
were the nol ecul ar weight of the resin, the resin nelt viscosity, and the

shearing gpeednt éélt G s@sn@) iy t9E ﬁﬁﬂuﬁ&ﬁw J19hd 8Sah@loid HARAN Mdast ween the

nmol ecul ar wei ght of resin used |n t he manufacture of the expandable

gr anul es @:p&.rgihh&tﬁ% 0 Sk N L 05 £ QMR B TG Abpyrange of

t he nol ecu at1ons et ween t he
t of the

nol ecul ar esi nd he nmol d rodyct stren th could not be
found. 20 Féqﬂﬁstr%lgﬁl Gt erwc’&?@ ct lﬁ%rea%ﬁ 2 s resin B“eﬁéi‘%@%lgf inpasednper at ur e
of the resin during the manufacture of the expandabl e granul es and the
strength of t heFlﬁ;I6gE@l graph shiewing thsrekationahin betwedn the shearing spedalprioptied be
observed in which the strength of the nolded product increased as the

t enper &t urAnofactubeo RS expad@blegatdes dldGhe brdngthrofahapllded grédugt. t s
rel ati onship between the resin nelt viscosity 32 (apparent nelt viscosity)

during th f . I Ht gth of the
ol ded pr%%%‘?F*“F?\?t‘;‘ﬁﬁaﬁerﬁmﬁ“‘g%@gﬁ%gﬂﬁ% AT BDERT ) i ch

t he streng;q@P%flgéreasegg rgﬁog!\%ﬁ%e& eﬁl[eg%aéed as the resin melt viscosity

i ncreased | ati onshi p between the shearing
speed during th 5 na.%égcture of the expandabl e granul es and the strength
wate

of the nolded p s shaygwin il Flod 6 0.4t samrheaindgrstogaithpt s 1688er ved i n

whi ch the strength of the nol ded
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.



product increased as the shearing speed decreased. Fromthe results shown in
FIG3 to FIG 6, it can be understood that the resin nelt viscosity
(apparent nelt viscosity) and the shearing speed during manufacture of the
10 expandabl e granul es influence the strength of the nol ded product obtained
by expansi on-nol di ng these expandabl e granules. In the present invention,
when a nelted resin containing a bl owBBg agent that has been mulled in an
extruder is extruded fromthe snall 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 nmelt viscosity of the resin is 100 and 700 poi se, the 15 uni que

ef fects were obtalned. fhat i f the obtai ned expandabl e granul es

wer e uniforn1am§bt‘ “%Q§£H§§§F§EQ¢§Rﬁ|es were easily handled. In addition,
the further unique effect was obtained that the strength of the nvpl ded
product obt ai nedceuse thegaetbedfer mnufasiuring shermeplasicaesia expandablg gragples he
expandabl e granul es obtai ned by the suspension polynerization inpregnation
met hod. Asf giegqwesenninkérBionsoatidiokblGcaies bhten POcesafigesthetesithaipghpar ent nel t
viscosity and the shearing speed in the present invention are set based on
the resul tobtaditing fRIRpPeHabR GBSl GAhd A8S ol RaRIfdlrideQppaain Gavig hlsishfle

advant ageous characteristics such as the sphericity of the obtained
expandabl u - Sl S : e

ol dod pr oac Pt RS- ARERAL i odiBnySp, ° JRAaGh, debfust HaRahl Bec b
sufficient critical significance..33 INDUSTRL AL APPLI CABI LI.TY Because the
et hod T orheitinéd BlpRi weniEDs Reiben BEFT BN HABYE §F SFUMSSRIGR: | pe
present invention continuously carries out a process fromthe resin supply
to 5 obt aidnf Sttwegtépé&mwrl@/ piogwets ablainad by sxrpnsionamalfiag iunat Agferprdar at us
having a sinple structure, the industrial value is extremely high. In

addi ti on, thacdespanthlde graanlek ebwined bgfsuspension polymerization impregnation method,

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.



t he obtai ned expandabl e granules is uniform the expandable granules are
easily handl ed, and the strength of the nol ded products obtained by
expansion-nolding is not inferior to that of expandable granul es obtained
by suspension pol ynerization inpregnation nethod, 10 the method can be used
extensively in nolding, for exanple, shock-resistant wapping material for
househol d el ectrical appliances and prééision machi nery, transportation
containers for food and machi ne parts, a shock-absorbing parts for vehicle
parts, sStwhgtdélaimdaasts, display parts, leisure parts and the |ike. The

met hod thereby has a high industrial value. 34 What is clained is: 1. A

nmet hod for manufacturing thernoplastic resin expandabl e granules conprising
the steps of: 5 injecting a bl ow ng agent under pressure into a

t hermopl astic resin whi.ch is. nelted in an.extruder; truding the nelted
resin conﬁai ni ng* PRECH fGRMYHasHEE tgesmlé?ﬁﬁié% Feﬁ’ﬁa?f‘gm?df’%géan“’:ﬂsur ality of

smal |l holes in a die attached to a distal end of the extruder directly into
a cool antcompgising thesgigps@fr ect |y cutting the extrudate by high-speed rotary
bl ades ; and 10 cooling and solidifying the extrudate by contacting with the
cool ant |i qui d, igadingtatdowelng agtritaindergedsive imopahaatoptase sesml vaschser ei n t he
nelted resin containing the bl owi ng agent passing through |and parts of the
smal | hol ggelRf ih Beelhflet;S extruded such that a shearing speed is 12,000 to
35,000 see- and an apparent nmelt viscosity of the resin is 100 to 700

poise. 15 2. A %ﬁg@&iﬂg [HR"mdTRAYERE EHdiRe IOV 2B b Gs b Bk PufXPROHRD! ©

granul es accordin

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 I, wherein
the small holes of the die have a diameter 0of 0.5 to 1.0 mm, and a land length of
the small holes 1s 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.



to claim1, wherein the small holes of the die have a dianeter of 0.5 to 1.0
mm and a land |length of the small holes is 2 to 4 mm 20 3. A nethod for
manuf act uri ng thernopl astic resin expandabl e granul es according claim?1 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
met hod for manufacturing thernopl asti c3Pesin expandabl e granul es according
to claiml or 2, wherein the thernoplastic resin is a polyethylene resin,
and a tenperature thereof at an 5 access into the die is set to a range of
130 to 160C. 5. A nethod for manufacturing thernoplastic resin expandable

r anul es aecor e, iAok Ring e HBBREILNS b AREARREARId: Gol BTl | S 2

pol ypr opyl ene resin, a tenperature ereof at an access In the die
is set to,a range gf 180. to 210C. 6. A nethod for manufacturing
thernnplaé??@"?g§¥2’@ PE&fdabl e granul es according to claim1 or 2, wherein:
a die is used in which: a resin-discharging surface contacting with a stream
of 15 the cool & thermppiagtic Besﬁlrlé\?mb’ﬁt,hygﬁ@feétn,@%a tesperateriedbaretigit Ay sur f ace,
there are no small holes in at | east one of a position in an inflow

di r ect bon aacmds oue filealie disetaohirapeaf 180 1606€eam of the coolant liquid and a
position orthogonal to the inflow direction and the outflow direction of
the stream of the coolant |iquid; and

5. 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



the nethod conprises the steps of: 20 supplying the thernoplastic resin to
the extruder to which the die being attached, and nelting and mulling the
thernoplastic resin in the extruder; noving the thernoplastic resin towards
the die while injecting a blow ng agent into the thernoplastic resin to
forma resin containing a blow ng agent; and cutting the thernoplastic resin
contai ning the bl owi ng agent dischargedéfromthe 36 small holes of the die
with a cutter into the streamof the coolant liquid. 7. A nmethod for

manuf act Usmag bbike bIMmRldaswitk atesdrintSXRAAARI & (B &g siqaacording to claim6
wherein 5 the die conprises: a resin conduit communicating with a cylinder
of the extruder and the small holes fornmed in the die; and a heating nedi um
conduit heating the resin in the resin conduit, and wherein the resinin

th i duit | ted by the heating. medium flaowing t h.th
ot i ng o medr\ M B Bt e SERBUP A o SRURANE A RO PHOBIAS: |

resin expandabl e granul es according to claim7, wherein an inlet and an
out |l et of @ pleinhéawherginedi um conduit are provided in the resin-discharging
surface in proximty to a position at which the small holes are not 15
provi d&d. 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.



