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Met hod for Re-Using Expanded Styrene and Apparatus for Processing Expanded
Styrene BACKGROUND OF THE I NVENTION Field of the Invention 28uUaly 2002nti on
relates to a method for re-using expanded styrene by processing used
expanded styrene to fabricate regenerated products, and an apparatus used
in this method for processing expanded styrene. Description of the Rel ated

Art Expanded styrene is superior in shock-absorption, he m i U and
heat retaining properties, and hence ks used extensivel yamwum MM mmg a
wi de variety of products fromelectric appliances to food andKayer ages.

However , ' qqq T has a drawback that it presents disposal
di f fi cul?‘liﬁieiré'ﬁ\gﬁein t Zﬁéﬁbiyc es are unpacked and the packaging material is
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to be re-consi dered because of the problens of procurenent of land-filling

sites an§%ﬁ‘b¢ic hazards caused by bad snell or snoke generated on
incineration. In order to neet this request, there has been proposed a

pr ocessi BAGKRGRQUMND OF THERNENTION ene such as is disclosed i n Japanese
Layi ng- Open Patent H 1-891 10 or in Japanese Layi ng-Open Patent H 6-166034.
The procErdd ofjtlephventios pul veri zes

This invention relates to a method for re-using expanded styrene by processing
used expanded styrene to fabricate regenerated products, and an apparatus used in this
method for processing expanded styrene.

Description of the Related Art

Expanded styrene is superior in shock-absorption, heat-insulating and heat
retaining properties, and hence is used extensively for packaging a wide variety of
products from electric appliances to food and beverages.

However, this expanded styrene has a drawback that it presents disposal
difficulties when the articles are unpacked and the packaging material is to be
discarded. That is, expanded styrene, which has become unnecessaryj, was simply
destroyed or incinerated. However, this disposal system is now to be re-considered
because of the problems of procurement of land-filling sites and public hazards caused
by bad smell or smoke generated on incineration.

In order to meet this request, there has been proposed a processing apparatus
for expanded styrene such as is disclosed in Japanese Laying-Open Patent H-1-89110

or in Japanese Laying-Open Patent H-6-166034. The processing apparatus pulverizes
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23 July 2002 2 the unneeded expanded styrene, transports the pul verized

product on a belt conveyor and illumnates far-ultra-red light froma
far-ultra-red heater provided partway on the transport path23gulyedoge its
volune. If the far-ultra-red light is illumnated to heat the pulverized

product of the expanded styrene, as in this processing apparatus for the
expanded styrene, the used styrene can be reduced in its volune w thout
causi ng fusion deconposition or bad snell or elevating the furnace
tenperature. Thus, the processing apggratus for expanded styrene is
meritorious in handling the unneeded ‘expanded styrene as a waste material.
However, if the expanded, styrene is processed using the above-described

pr ocessithg uappssdedtexpandqdstyfene cwarsposisdhe pukysrized peadust one bslicpaveyor

conpl etely because the expanded styrene, reduced in its volune on

pul ver i zadiibwninates fardilza-red lightfiema fantudtra-s¢d heater providedgianwarydestheed t o
re-use the pulverized expanded styrene, thus reduced in its volune, as a

st ar t i ngram@pertipath foredncoits eolugnea If dgafapnbtseedlightus illuninardad heatbe
pul veri zed expanded styrene, thus reduced in its volune, is not uniformin
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expande yrene“and’a processi ng apparatus tor expa Styrene

pr oduci pul yeri zed. expanded styrene. [.n ecaspect . the present invention
bt ovi ded B deRBERS LS ot e f Mevatina 3¢ SFRGSS lambeifufd T TRE 8\ ai ng
comm nuti ng expanded styrene, sorting the commi nuted expanded styrene by
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comm nut ed expanded styrene that is smaller in size than a pre-set value to
reduce texpandgd stransasaowvaste matedal. conmi nuti ng the expanded styrene, which
has been reduced in volune, to prepare a granulated material and injection
moul di ng t he Rpwendraifethenexpanided styrepe aprecessedgemg thedbave-deseribed t hi s
re-using nethod for expanded styrene, unneeded expanded styrene is

first- orptecessmgnappdreths] thd héorbnteationéd problem pamnctebe sohed tdinpleeelpanded
styrene, first order conmnuted in the first step, is illum nated by
far-inf echssd the @xpanded digrenecrddced &Pitewelunieor pulvetidhien is handlede. The
expanded styrene, reduced in volunme by the second step, is second-order
comi nutpegadtd mdierhlni rd step to a granulated material having uniformsize
and shape. The granul ated material fromthe third step is injection-nolded
| n the Tourt il SfbrokStoRIethl fy R-EEARR Fubickiiedlelplded stiobe AR FERucEE®
unneeded expanded styrene to be reused as a stafting material tfor a

regener icle. lﬂrﬁgg% . LIV i vides a
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Styr ene;pulverized expanded styrene, thus reduced in its volume, is not uniform in size and

shape, such that it cannot be used as a starting material for injection molding.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a method for re-
using unneeded used expanded styrene and a processing apparatus for expanded
styrene for producing pulverized expanded styrene.

In one aspect, the present invention provides a method for re-using expanded



illumnating far-infra-red light to the conm nuted expanded styrene to
reduce the volune thereof; further comm nuting expanded styrene) reduced in
volune) to prepare a granul ated material; sorting the gran@3ahdy20€2 eri al ;
and injection noulding only a portion_of the sorted granul ated materi al
that is smaller than a pre-set val ue. 3 n anot her aspect, the present

I nventi ?n Sr ovi des Eappgﬁéﬁgﬁg%&%(ﬁ%ﬁéhg%%ﬁg nded raggg I.ncl udi ng
commi nutin 4‘@(‘“ ir Q‘B‘éf%? ene
£t 0. e Rehoby B8 el ARG B VAR YR Yo o
conmmi nut ed SRR %Qhereofﬁ%mtam% diz% thalPd br@rsee Valudté RedliiftRe GolRhEMBRLS, val ue to

reduce the vo means for further comm nuting the expanded

styrene) whiher bafiminaRy theskpamibdisiyrane) Wiigh hds®een Aduckdliy val@hk, télprapspar € a
granul ated material. The first comm nuting neans first-order comm nutes the

unneeded exp grahabitesit materid drdl njepticn gouldieg Abe ghanulatedavateddl & prepare, a
first-order comm nuted by the first comm nuting neans, is routed to the
heat i ng nedegenetted aflide. i ng rreans |IIum nates the far-infra- red light on the

expanded styreng, the fir t co | ng. means,

to heat the expangﬁd &és“r%%g 0o re ce Piq‘s voF’U‘Fﬂéﬂ xR 55“’ Sr ene,
reduced in 9){ . il Raﬁla { nut i ng
means. The ﬁséﬁg‘!con conm etdl ng rrﬁe}gtns se?@rﬁ%&t% &r "¢o %ﬁqﬁﬁ e%ntg]anded
styrene, fi LisH ThR er th

expanded st({/rc:h%arncg’ un| P%’?m | nlﬁsrigfzjsépé/ir‘]% S ape&i%’gprepare ho%l gqgfﬁ?cé’ B%st arti ng
mat eri al . Ilgér'p g%%ﬁu%t Jolindet eri al, prepared by this processing

expang I nj

apparatus for styrene, 1s charged into, for exanple, as injection
mol di ng machi neT4Q e@Sanlied styrene, reduced in volume by the second step, is second-order

comminuted in the third step to a granulated material having uniform size and shape.
The granulated material from the third step is injection-molded in the fourth step to
produce a regencrated article. This enables the unneeded expanded styrene to be re-
used as a starting material for a regenerated article.

In another aspect, the present invention provides a method for re-using expanded
styrene comprising:
comminuting expanded styrene;
illuminating far-infra-red light to the comminuted expanded styrene to reduce the
volume thereof;
further comminuting expanded styrene, reduced in volume, to prepare a
granulated material;
sorting the granulated material; and
injection moulding only a portion of the sorted granulated material that is smaller
than a pre-set value.

In another aspect, the present invention provides an apparatus for processing

expanded styrene including comminuting means for first-order comminuting charged
expanded styrene, sorting means for sorting the comminuted expanded styrene by size,
means for illuminating far-infra-red light to only a portion of the sorted comminuted expanded
styrene that is smaller in size than a pre-set value to reduce the volume thereof, and means

for further comminuting the expanded styrene, which has been reduced in volume, to



be used as a starting material for a regenerated article as the product of
the injection nolding machine. In the re-using nethod for the expanded
styrene according to the present invention, unneeded expandgslJglyyaoe2e is
commnuted in the first step to the conm nuted expanded styrene which is
illumnated in the second step by the far-in&ared |ight and thereby reduced
in volunme. The expanded styrene, thus reduced in volune, is further
commnuted in the third step to give a granul ated starting material which
is injection-nmolded in the fourth steg to produce a regenerated article.
Thus, 23 July 2002 5 the unneeded expanded styrene can be re-used w thout
pr oduci ng %pllutiogmﬁrggggns attributable to increased volune of industria
wast es aFPaTSH gL $99n i ncineration. Moreover, the processing

appar atus for_expanded styrene according, to the present invention is
configured fofh¢ %ttcnmlamuﬂesmwﬁrﬁgomﬁse@@anes@ﬁéhaean%qdyd@ma%@ed he
first comm nution neans, iIIuninatigg the far-infra-red |ight by heating
means t ostyeshede d prs-sebisinee Eheoexpanded soreres, firstnoriden comgninited oyt the ifiist
reduced in volume by second-order conm nuting nmeans to prepare the

gr anul at esmatinitingtheans, ds radted Thile lgiavieg means:- usabl e starting nateri al
uniformin size and shape. Therefore, if the unneeded expanded styrene is

processed UsiTHe hBfidY MeSsSillachiANLS IR M-Il PA-ré&KREMARHhS lexp iR pding to
the present invention, the expanded styrene, which is not needed, can be

sed as i 1 rﬁgﬁnﬁﬁ.%t i 1 Q@g&] j ng the
3nneeded&g-%gﬁgg%ﬂ%gde@%tgegﬁrﬁ({e mat e l,alzllgm%rt’ Fudulsijzag(’ghn;é},:)\ﬁi )gét%gpgde |ména'? i ng
th |1yt {; tfr ] t.o_| . f th

i ndusr ri B Pefledis RigiRG, ThE SRR sbirehl BRI YL RHIEEY Bl T Tnding 0 1
resent processjng a ratus for expanded styrene illum nates the

Par-i nfi&aiepg& {]’t‘%ﬁf’&g‘ﬁc?tﬁgnﬁ'ﬁtﬁ%ﬁégn%xpandeé styrleneufor reducing its

vol une w t hout_causi n&; deconposi ti on on fga’ on i s.,possible to prevent

It
bad snel| or Shelssceond copnumutios means seeemsi-erdes crmminiges thosxpandadsi on of
t he expanded styrene. BRI EF DESCRI PTION OF THE DRAWNGS 23 July 2002 6
Fi g.| i sstyrenshérsitardengcammimuod hy the hestingmeang o rpndardbe exnandpd séysenes f or
expanded styrene according to the present invention. Fig.2 is a side view
of a pul usifoan my sizeland shape ® picpars a granplated sthaing watedtiakt ri but i on of a
secondary pul verized product fabricated by the expanded styrene processing
appar at us. Fi Thd grandatedhstamingcmatesial Sprepared by this psecrssing dpppeates fanded
styrene processing apparatus according to the present invention.

expanded styrene, is charged into, for example, an injection molding machine so as to

be used as a starting material for a regenerated article as the product of the injection
molding machine.

In the re-using method for the expanded styrene according to the present
invention, unneeded expanded styrene is comminuted in the first step to the
comminuted expanded styrene which is illuminated in the second step by the far-infra-
red light and thereby reduced in volume. The expanded styrene, thus reduced in
volume, is further comminuted in the third step to give a granulated starting material

which is injection-molded in the fourth step to produce a regenerated article. Thus,



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring to the draw ngs,
preferred enbodi nents of the present invention will be explained in detail.
The preset processing apparatus for expanded styrene consecggiﬁﬁlﬁbo@erform
a series of operations consisting in finely comm nuting unneede expanded
styrene, used up for packagi ng commercial products, illum nating
far-infra-red |ight on the conm nuted expanded styrene to reduce its vol une
and further conm nuting the comm nuted product to render its size and shape
thereof uniform A processing apparatgis 1 for expanded styrene of an
unitary structure, having various units far perform ng these re respective
steps, is first explained. Referring to Fig. |, this unitary type
pr ocessi the unsseded expanded stynenescan be resised mathous predusing pejlutientproblenisor
commi nuting expanded styrene 3 injected into a main body unit 2 of the
appar at uattributablet itegingreased ovdlame hefitinduptiidle wastest amd dhisposalmtheraof cbn
expanded styrene, referred to hereinafter as first-order commnuted article
4, by ilin¢inerstiomng far-infra 23 July 2002 7 red light thereto, a cooing
unit 30 for cooling the first-order conm nuted article 4, reduced in its
vol une by heagg PGS '&giah' } ;
conmm nuti ng ﬂ]dg?g%‘{)%ga«l?lprst-grﬂ ?rpggfgmu%f?lﬂe a???gﬁgkgﬁgfé&%ﬁggﬁigg
gr anul at 0 AV i 78 BAREul; {.nafter
sACANEh0R S NbofMuf Al B iR SBARGnEiRE UediRadd RBATIDE

as second- er comm nu eSe units are encl ose in the
mai n body _uni t of. t he apparatus 1. .fhe.first;order .comy,nytin nit 10
el udes Sty 18 et tamERgh Aikehs, ihRinain ehe B aaed uglibby Hestig « e
expanded styrene injected into the man body, unjt of the apparatus via
an i nj echiieans ghradusy lér@%ﬂ%%ﬂ%d-ﬁéﬂmmm e mgiertal reftpesd 1 | ¢ or
13 for sorting the first-order commnuted article 4 conm nuted by the

pai red cvelmeuby rgcend osder: commingfing: maans dal prepaee the granplated startmgnut ed
article 4 of a size not larger than a pre-set size to pass therethrough,
and a scmaparialy Dhis givesfare-gsablgistagting maténial tunafoder insorenandshagear ti cl e 4 not
reduced to a size not larger than the pre-set size to inject the scraped
first-order cDhercforeet the tnmdeded expanded stypamais ipedoussed uding thei prodessing
commnuting rolls 11, 12. The first-order comm nuting unit 10 also includes
a gate 15%[faﬁ>ﬁtu§ Uahteixpatdadebtyréntd BEooriingt tocthle! pratemrif@énticithe ekpshdud i cl e 4
sel ected by the first filter 13 to the heating unit 20, and a paddler 16
for stirgipéhe Réhibh i hoPheeledC einbBUised A3Td sttt m:afbddIQ"oﬂﬂtrégé&erﬁEbé hat

the first-ordér conmnuted arficle 4 transmtted through the first filter

13 will : : t ' t ' -11h ired
corm nut s oy EEH PerglRE B ubHER ErpaldedBbitid B Badt ol Bye " 01
b, 12b, i ] - i I ' - 2 8
sur t acesCSRbIeREY Bmplfoddhe Rt or Pihdr YioBReh L dREBabIE P Mbibare ™ |
12 are provided.in.the vicinity of. the ,njection port.2a in the main body
unit 2 pgglgmeeﬁgf #‘8 ‘%@‘ﬁ*“a?l ﬁa%?%?rs‘ilfp%sﬁétqéﬁﬁocé%ﬁcgtﬂwcﬁﬁ'her so that the
cutting edges, 11 b, 12b nmegh each other. The conm nug{iﬁng A%Aa 11, 12 are
adapted for OREOY<Et MG PEGREPE PrAcesalg apPaTgtus, ¥PAECd STSRG cat ed
by arrows,a and b in Fig. |, to crush the expanded styrene 3 changed

t her ebet Wawpingtss ghe Saﬁm%@rr@é lighg gn the wpneeded sypandad: styreng fer mducmedtsze not

| arger than a pre-set value. Adjacent to the comminuting roll 12 is

ar r angedveluger witheutreausingegampositionensision, ittie gossibletto peyant tiadismelldi cat ed
by arrowc in Fig. | . This scraper roll 14 scrapes the first-order

conmmi nut er smioke @fecofnbustion eattritedatile to iecsimpesitioh dnfigson tofiahe telipagdedt set
size to inject this first-order commnuted article 4 to a space between the
paired cewyémeuting rolls 11, 12. 'These commnuting rolls 1 1, 12 and the
scraper roll 14 are run in rotation by a driving notor, not shown. The
first fi BREEFIPESCREIPIIONOES S DRAMING®! ate having plural circul ar
orifices approximately 20 to 30 mmin dianeter, although these orifices are
not shown. This first filter 13 has its center portion nolded to a
curvilinear shape surrounding the paired conmnuting rolls 11, 12. The
first filter 13 is arranged below the commnuting rolls 11, 12, by having
both ends 13a, 13b thereof secured to the inner wall section of the main
body unit 1.




This first filter 13 sorts the first-order comm nuted article 4 by allow ng
the first-order commnuted article 4 fromthe commnuting rolls 11, 12 of

t he size not 23 July 2D02 9 larger than the size of the | §d 0 pass
t hrough these orifices, while not allow ng the fi rst-order()%songhﬁer?g?%d
article 4 of the size larger than the orifice diameter to pass through the
orifices. The first-order comm nuted article 4 passed through the first
filter 13 is supplied to the gate 15, while the first-order comm nuted
article 4 not passed through the firsg filter 13 is scraped by the scraper
roll 14 so as to be again injected into the space between the paired

comm huting rolls,11, 12. The.,gate 15 is funnel -shaped and is arranged

bel ow t he fi rlgg.¥ iy @ schamati, vigyy shpywang, g Juntagy, dyps rece§s g Apparasds ol fir st
filter 13. Th gate 15 has its |ower opening 15b smaller in dianmeter than

t he uppeexpanded styzeneaccobding do thepresent ifivertioror der commi nuted article 4
injected at the upper end opening 15a is tenporarily accumul ated between

t hese openi nglighhi,a sidbviemdofo pulvetizidgeroll. r st - order conmminuted article 4 is
di scharged quantitatively via the | ower end opening 15b to noderate the

amount of suppipy3 SHovd ehel pardibleOside distAb#oM LEG s'ércbhﬂ&r?' pulbérizddeprddati N9
unit 20. On thée | ower end of the gate 15 is nounted the paddler 16 which is

conpri se b?ifcat%drﬁ}lﬂ‘l@éx?gﬁtiéd MRirHedss Etlﬁg flat-pl at e-shaped rotary

pl at e. IS rotary plate 1s run in rotatrorn w rotation of the rotary

shaft to stirg: i rsh- (g I quied ariicl t erm it
first-order c%%gf ﬁ%tae%thgﬁ{aﬁgl ‘é‘sm%%sﬁ %B'}Iol'%e&%é%%r%%eﬁ%@e(? gty{?{ée
heating unit 20 wi thout bei accunul ated.in the gate 15. The heating unit
20 i ncl UPROSESSIRgG pRRAraly ACGYAIng to the present gy B the first-order commi nuted
article 4 supplied fromthe first-order commnuting unit 10, and a

fari nfraDﬁééPRBIEQEI@NQETHEEREEﬁR@DE&IB@M ra-red light to the
first-order comminuted 23 July 2002 10 article 4 transported by the first
conveyor 21 tRefesang torthie deawingsipreferrsid amabediments dfithe presertinventidanwilkd
article 4. The first conveyor 21 includes a pair of driving rolls 23, 24,

r ot at abl he explamgddnidetailhe nai n body unit 2, and a belt 25 of glass fibers
pl aced on these driving rolls 23, 24. The first conveyor 21 is adapted to
recei ve the fThépresedmocessing appaestus for expanded siyeandiongedutielyt pafogaie 15 of
the first-order commnuting unit 10 to transport the received article to

t he cool i Bériesof optiRatidntecdi@istingin iffneifpthafinhiGrg ifhddedR¥pandddostPree; a
chain at a pre-set velocity inthe direction indicated by arrowd by a

driving gRidop f&%ack%@ﬁx‘gfboﬁ%r&&leﬁ&d%tsmlﬁﬂﬁﬁﬁn frat-DEFRedd light & thear i abl e

in arange from0.5 to I0.5 mmn and can be set To an opti mum vel ocity
dependi n . t: gfﬁplg@ Q&nﬁ%iﬁlgﬁx@ into

t he nai n&ggiégﬁ%tﬁflfeq@%n%deh%gﬂ%%F?dsﬂcgrl%g‘elsse gﬁ@ttﬁ}emgfass I ber ggerface
W th Tef gont ai ni [ tar..el i_C N, On the nore inchoate
si de of %‘ﬁgmﬁ?‘ﬂggpé%%ég%?%rfﬁghﬁtﬁg%ﬁﬁge %ggfé%%ﬁ)ﬁ'on of the

scr aper 26 SOABRORCHEE BEPETBLE MEPTPHage SO AL arEg SENRrS Witber 26
scrapes off the,mailgeri | deposited on the belt 25, The far-i nfli[ea-.red heat er
22 has pYRQHs WHHb areg P%ﬁ@{eslﬁé‘ﬁ‘éf?éfqnﬁglsf@?t?’%’l%%d{? HHRE %o t hat

its longitudinal direction extends parallel to the running direction of ghe
bel t 25. Figal,ithis usitasetype prassasing appampiy 1 insludes g firstzordenenmmimpiing wies

each having a capacity of 2.0 kW are arrayed to constitute the
far-infr#0,fot domaméenut®®. exflanded styrene 3 injected into a main body unit 2 of the

apparatus, a heating unit 20 for heating the first-order comminuted expanded styrene,

referred to hereinafter as first-order comminuted article 4, by illuminating far-infra-



23 July 2002 11 infra-red heater 22 is nounted at a pre-set separation from
the transporting surface of the belt 25 and has a |l ength sufficient to
reduce the volune of the first-order conmm nuted article 4 tzr&ampgbégd by
the first conveyor 21 'reliably until the time the first-order comm nuted
article 4 reaches the cooling unit 30. This far-infra-red heater 22
illumnates the far-infra-red light on the first-order comm nuted article 4
to heat the first-order conmmnuted article 4 to a tenperature not |ess than
its softening point and | ess than ita fusion point. This allows the
first-order commnuted article 4 to Bbe reduced in volune w thout producing
bad snell or snoke of conbustion and w thout inducing deconposition on

f usi on. radhdight thereto, al cqeing uoit XX farineoling the first-ordgr isomminupst] ansicleeds it s
surface facing the belt 25, is surrounded by an insulating material 27 to

i mpr ove redwcedantitsitaliing by heating, fandi assecynd-drderfdommhinutimgrundiotthfor furthear ti cl e
4, heated by the heating unit 20 and thereby reduced in its volune, is

routed te@nififnfingstheecosled sfirsBOrdetheomimimuted dreighen R0pidilcddg@andlatrond

conveyor 31, for transporting the first-order comm nuted article 4

illum ”%gg‘l‘ﬁ%&‘}iiﬁg i}%{ifcﬁ‘ﬁf Side! dridihdps, t Rsfedrad tb HerBinhfer Q@%&Bpﬁ%ﬂﬂ%‘:

t hereby °r une, as the frrst-order commnuted artic

allowed to coaol [ endi coQl i ir.t0 e
first- or Q8P IEGIT %E&%g ﬁﬁ?{egﬂﬂifgtg{gﬁg%%ﬁw ,§7p@‘ﬁem§k%§‘g‘éf8%ﬁ?e&}%&%1 to
pronote heat dissipation formthe first-order comm nuted article 4.

Simlar WP?@%Z- first conveyor 21, the second conveyor 31 is provided with
a 23 July 2002_12 pair of driving rolls 33, 34, rqotatably nounted within
the main bodyl henfigst-prdesremmypytingunib 10 yaglydesca paix of coppainutipg gelsi 1dn t hese
driving rolls 33, 34. This second conveyor 31 is arranged bel ow the first
convey orl22s meanssfot epmeminhting thesexpanded stysgnei himjeted intp ghemaingeadyamit ng
fromthe trailing end of the first conveyor 21 to transport the firstorder
comi nutef the appdratud vimaie injectodn poyt 25provided in the mdin bodyuni?, ahd afersf i r st
conveyor 2 i, the belt 35 is adapted to be noved via e.g., a chain by a
drivi ng fitedror3 fardorting\the first-drder domadhited drticlechtesniinuted vl pairéde

drawi ng, at a novenent velocity of, for exanple, 2 mimn. The firstorder

comi nutRghdirdutiggofls 11! 89 8P pérneidl ohly the Bri kAL HMMAANEE aficle 4 Dfa&izedn t he
belt 35, and is noved at a novenent "velocity of, for exanple, 2 rn/mn, as

it is cqg;tq ggytﬁaplea g%qgét@gze%rpagg aigr&dﬂeog@fghhaq slfc et 2ol199. &P@&m@%&& ‘he

first-order nm nut article™d 1s gradu y cooled until it rea

d- : . . _ : ; . Ccal
cr oss- 1 156 FrsEOEL BUhR L drick ¢ BREYEREN PR PR iR IndeP URr BERESer |
f ik-b i ) t ft | i iri
Suppl i oA ot PSR e A8 oRs ot Epiole e shE FRTbRE cCong
31t te heat. radi ati the first-ord i nut,ed
arti ol o pairodORRREing U Ko AHeCRFshPr By figg i | L6EB PIRESE econd
conveyor 31 and cooled, .is supplied, tq the second-order ccirr? n@tGi uni t
40. The &8ate h Tor quantdativaly, sepplyingthe F-QrAeT R ARalR A 6 rﬁ?ﬂ%r 41,
for uplifting the first-order conmnuted article 4 cooled by the closure
nmenber 3be fastchiter 13 23 thiehgatigoenit 20, and a paddler 16 for stirring the first-order

comminuted article 4 in the gate 15 so that the first-order comminuted article 4
transmitted through the first filter 13 will not be accumulated at the gate 15.
Referring to Fig.2, the paired“comminuting rolls 11, 12 include plural wave-

front-shaped cutting edges 11b, 12b, provided at pre-set intervals on the peripheral



conveyor 42 for transferring the first-order conm nuted article 4,
transported by the second conveyor 32 of the closure nenber 30, onto the
inclined conveyor 41, and a comminuting roll 43 for further2zganiseeRi ng the
first-order commnuted article 4 uplifted by the inclined conveyor 41. The
second-order comm nuting unit 40 also includes a second filter 44 for
sorting the second-order comm nuted article 5 comm nuted by the comm nuting
roll 43 to permt only the second-order conm nuted article 5 not |arger
than-a pre-set size to be passed thergthrough. The inclined conveyor 41 is
made up of a first driving roll 45, adjacent to the driving roll 34 for the
second conveyor 31, a second driving roll 46 nounted at a hi gher position

t han t hestifages of the ¢njumpar-shapedaelisd laell 2a.4 Therconirfusing mllsdlcégaipd:l | ar
47 placed on the first and second rolls 45, 46. There are nounted on the
bel t 47 pronidéd ipthefwicingy wif themjectmnf port Dpln fHei maintbody funit$t papalttd to and

comm nuted article 4 at a pre-set interval. This belt 47 is adapted to be

noved by af agfre\ded Spadih® froni @hcls lbehvdr, soatha tHY Qfihg \edbes Y, 12t ndchk edéli ect i on
i ndicated by arrow f, whereby the first-order comm nuted article 4 supplied

to the i ngld"efe %ﬁmﬁﬁ{m%%‘ﬂ%,ﬁvg?b%é ?&siaﬂ(%(ll F({}g)ﬁg%e@tﬁaﬂ-ﬁgﬂhmvgﬁgﬂiéz&oﬁ 0 a
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first-order comm nuted article 4 descending fromthe trailing end of the
second la_rgeomayazmzseixa@sweyor 31 to the inchoate end of the inclined
conveyor 41. The comm nuting roll 43 is arranged within the main body unit
2 at a positi éuljandte thecomminuting reld 2a$ atrargidwsirapet rolidedapted to bé or
firrther commnuting the firstorder commnuted article 4 uplifted to a
pre-set Iefagid inthie direciiow indiecxded by uayerc #h Fighe Tidsscraper ngll 1hsdraged thas a
sole rotary blade and two fixed bl ades arranged on both sides of the rotary

bl ade andirstsofdén comniinbeidiagticley mdt tduded tb thelstde nol Pirgs @UA thepra-set Yzbel t
for exanple, to crush the first-order comm nuted article 4 descending from

the trailghng;QRkh ArBColdls! dRRNIRALY WAEIA P aPERHHAC BeRRAULIR! gﬁimd
second-order” comm nuted article 5. The second filter 44 is forned by, for

cxam) e cPuBialingkaleLl oy ekl ARSI PR LEdRE NG arE ot
o surrodia it Reedbny RS Pt ot hihe navi ng i 19 hoth ends secured to
ol | v Che. sedBRdSl HUPY LI HOTMELE R hEecpIFie JAVERRPEERHSSUIA (TSR 43,
. AL AT TR e
di aneter,_ larger than the orifice dianmeter, to pass through the orifices,

to sort thet Sdtepdd-lasdéy cesamporitaadmeldadcioea Survilineareshaped sordundisgrthe nut ed
article S, passed through the second filter 44, is discharged to outside
t he mai n paoed coniminBting solls Hli, d2h3hg birgs Gilter 2B igarcangad delow theeomanimuting3 Jul y
2002 15 body unit 2. The granul ated second-order comm nuted article 5,
di Isgl_har gedlls 01012 bydaavingbothendad 3a, Bhathetard seireditakhd ianerewl sectih@€t i on
nmol di ng.

the main body unit 1.

This first filter 13 sorts the first-order comminuted article 4 by allowing the

first-order comminuted article 4 from the comminuting rolls 11, 12 of the size not



The operation of the processing apparatus 1 for expatnded styrene,
constructed as descri bed above, is now explained. First, the power source
of the processing apparatus 1 is turned on, and unneeded expagdRooRyrene 3
is charged into the main body unit 2 via the injection port 2a. The paired
commnuting rolls 11, 12 operate for finely conmm nuting the expanded
styrene 3. The first-order conm nuted article 4 fromthe paired

comm .nuting rolls 11, 12, having a size not |arger than the pre-set size,
is transmtted through the first filtgr 13 so as to be extruded to the gate
15. For exanple, the first-order commnuted article 4 having the dianeter
not larger than 20 to 30 mm.,i.s passed thrqugh the filter 13 and extruded
ont o t helagggrdhamthesize atithepubicesde Pasyhr esg enifices, whilepetallpvingthe t he
gate 5, is agitated by the paddler 16, and supplied to the inchoate side of
the firstirserdeyoompinuted\ariigleat ofitheosize largenthandhe prifive diamotes tapass eed
rate. The first-order comnmnuted article 4 having a size |larger than a
pre-set gabugh ke gificepThdfirst-bedarcoapeinuted drtidke 4gassed theouph the fisstiitent ed by
the paired commnuting rolls 11, 12. Th first-order comm nuted article 4

suppl i ed}8qs Sigphiéd &3 ufeo%ﬁt@x;g,r whileithe Hratsrder EGAndutedSrfitle n&t?'h‘é?éfcpr 21
and irradiated with the tar-infra-red light by the far-infra-red heater 22

d i T ' INITTIY2 16
corm pat S30upl o £RG TR 13905 ABET Byt WErdlek FiL P 3G1as to B aintiafética
under goes i so that its ex ace is destructed and

t | heat | t d
hence thglt%’irai’%e%g%ﬁl)é’?é}ﬁl \ erﬂﬁuggc qulpmuém‘gprgﬂgﬁgs ‘0 be contracted. This
first-order. i nut ed ti 4 I i t ti . W t hout
ecommasi £1 o1 B BRI faipalehapHLiny fovanerd Relmcteifist Sl 1ot GAktS! 1 he

first conveyor 21, so that the first-order commnuted article 4_is_deforned
in a cor uppesreaskoperes {93 faces thchrst Silter hd+ dd gate iL8 bas ifs dnwerronsaing 12 t he
coral shape, descends fromthe trailing end of the first conveyor 21 and is
t hence ssmpllerid diametee thaadbeuppansidsapeniiig 1 Yasohat thyfiest-cadermospmantutedit e.

The first-order comm nuted article 4, supplied to the second conveyor 31 is
t r anspor asicles injedted apthiearppgr addiapeyingyl Sahe taaporacily acounydated betwben
first-order commnuted article 4 transported by this second conveyor 31, is

exposed tifest lbpehingh 158, b arld H¥hht e firdiordet dmmihasd aricio4 H@‘scﬁdf%e@eat
di ssipation is pronoted. Thus, the first-order commnuted article 4, at a

t enper at 4iugnithtiv Ay vis ARNoRkr 8@ opéhing?5b ténddeEatt B RALEHTIu ly:(ﬁghé econd

conveyor 31, 1s cboled to a tenperature of the order of 40 C

trai'i”gfﬁnggL{ﬁ&ﬂnﬁﬁ@?ﬂ%ﬂ%ﬂ@W9¥QBeﬁ%Thﬂ?ﬁnﬂb st-order commnuted article

4, supplie e Inclined conveyor s uplifted by the uplifting

Cpritied to tnb 088 et Hb ekl fiohRho R it pRETEL LY B bhifintd
Il 43 int | .at d- I nuted. article 5..Th d-ord
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| arger than the pre-set size, is, passed through the second filter 44 to

23 July ¥oom mrogitewahyptationofthe aptary shafite stip thefistosdgcammmued body
unit 2. The second-order comm nuted article S, with the dianmeter of not

| ar ger t heicle4 torpeinsit theshitséogdar cpmminutediaticled trebpsunplizd apprapuiagélsiéo t he
mai n body unit 2.. Wth the processing apparatus 1 for expanded styrene,

t he unnedicheatingande?0 sushoanbeigiaccemb]ated adtheogiterlst - or der commi nuti on,
followed by irradiation with the farinfra-red Iight for volume reduction

and by secondThethestif®ahit 20tihcladésn filst Sopvedor 21 FoPiraipottindwheFirarotdet ed
second-order comm nuted article S. The second-order conmm nutéed article S,

pr epar ed cBnhinRedd 4ERRSA SEpplRIPBin the fids®lorP@RaRthuting &€ 10 Mg Fart he

processes of first-order commnution, irradiation with far-infra-red |ight

and seco ) o0 I V. j h i:
o anon ot BFrEFEFBeAOTT Rl Binalif BTl A LURINE & AUT RE ClnblitRed
shown in Fig.3. Fig.3 shows particle size distribution of the second-order
comminuted article 5 in case the second filter 44 has the orifice dianeter
of the order of 7 mMm |If the orifice diameter of the second filter 44 is
nodi fi ed, a second-order conmmi nhuted article can be obtai ned whi ch has an
averaged particle size different fromthat of the second-order conm nuted
article 5 shown in Fig.2.




The second-order conm nuted article 5, prepared by the processi ng apparatus
1 for expanded styrene according to the present invention, is charged into,
for exanple, an injection nolding machine, so as to be re-us2duR20d
starting material for injection nolding. The second-order connlnutea
article S, prepared by the processing apparatus 23 July 2002 18 1 for
expanded styrene according to the present invention, is averaged in this
manner in size and shape and hence can be re-used as a starting nateri al
for injection nmolding. If the starting material having variations in size
and shape is used for injection mol dit g, it may be an occurrence that the
material is fused only insufficiently in the injection nolding nachine to

- cause mabftiched transpdret yothe dirstdoneeyar2dito heat andtraduagithe voluneod ofithe firsyt ded
product. However, the second-order comm nuted article 5 produced by the

pr ocessi gfderRpaiminusedlaftiele £xpanded styrene according to the present
invention is granulated to a uniform size and shape and hence can be used

satisfactoril { . i %ﬁﬁé?%ﬂ J i '%p&w
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illumnating far-infra-red Iigg% on.the first-order comm nuted article, and
a seconddpsEading from thegatg 19 thﬁgiratnwdef semgyBHipg unttd O totsansppridhe

comm nuted article, reduced in volume on heating, and a unit for further
commi nut rengivedearticlesto-the doplingnmitd3@t ed article to prepare the second-order
comm nuted article, is now explained. Referring to Fig.4, the two-segnent

t ype processi The behaSak adapted foxbeing atbvetiwieeg., ahaichtdpre-set velogity in
processor 51, having a first-order comm nuting unit 60 for comm nuting the

unneeded tigx daeeEon Shdicard by afndwad h§ad dAginginbtof) nbPEh&eAL | ThetdpeedvPanded
styrene akeady subjected to first-order comm nution (first-order 23 July

2002 19 qitindut O i bA1EDLS isharPablé i ¥ PAMRR! fr68 0.5 %0 165 h/thinfard¢hn Bkt

t hereon, and a second processor 52, having a cooling unit 80 for cooling

Second. ofoih Blinf VNG UERA R R Nt Bt ELE IR, OfbalRRd LBAen s c
first-ord

r.conm nuted .arti,cl e. 4, for pr ¢ina the,qgranul.at ed second- order
cormi 11 ot eresA iR e SR Rous ofif% ofhe BPEES B 8esrait o P BRGNS on
type processing apparat.us fqr expapded styrene 50, the first-order
cormmi nut é!ﬂalajlrF B’l‘@gﬂ‘iwﬁ%lg%’%é’é'oé’gﬁpqqﬂ?‘? ?%‘%/‘{‘GPBBT commi nution and heating by
the first processor 51, is routed b transport_bl owey 54 via a transport
tube 53 to t hOnBesnereineheate sidemf tﬁfﬁ%ﬁ% W%ﬁrtzlcﬂ@nitéc pot of regegtion
subj ected to second-order comm nution to give the granul ated second-order
comni nut &f the firstarder canmingted artiele ) thearp ns mopntrsa Satrplatershanedssrapero of
the unitary processing apparatus 1 for expanded styrene, descri bed
previ ous2¢, sa that fifsr forernosiepart abutsnon ithey belti2S. 60hisncrapbe2asqapes off the
commnution rolls 61, 62, as comm nution nmeans for comm nuting the expanded
styrene Ingbdslaigosied oh ke bele25. processor 51 of the processing apparatus
for expanded styrene 50, a first filter 63 for sorting the first-order

commi nut ed  ar fihglffr-thifd-R@ HeAfrR2hagPlus bR diftth g Mhtes, Rherdbigfir-REFaN t
only the firstorder comm nuted article 4 of the size |l'ess than a pre-set
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20 includes a paddler 66 for stirring the first-order conmnuted article 4
in the gate 65 to prevent accunul ation of the first-order conm nuted
article 4 passed through the first filter 63. The various cg?p SYos of the
first-order commnuting unit 60 are simlar to those of the tirst-order
comm nuting unit 10 of the unitary type processing apparatus for expanded
styrene and hence are not expl ained specifically. The first-order
commnuted article 4 fromthe first-order commnuting unit 60 is
gquantitatively supplied to the heating unit 70. Simlarly to the heating
unit 20 of the above-described unitaly type processing apparatus for
expanded styrene, the heating unit 70 includes a conveyor 75 for

t r anspor infrgrddteeatér2 is aidigtec aapreLiee Sepricition Rorh the eanifeting s6ifacy dr
comm nuting unit 60, and a far-infra-red heater 72 for |Ilun1nat|ng t he

far-inframer géit|208Bhdtifast £ 9ehdthSsufficRat t@%ﬂﬁbé\%@%ﬁhﬁé et HEakagy ted on

the conveyor 75 to heat and teduce the volune of the transported article.

The res p@&&hﬁau{ea%aagw ﬁm@ggg@ E'ﬂ}gcelgjc{l{l}?ﬁy%xoz P‘fr ”h}xf'i‘f theQithd B O

t he heatrng un escrl proceSS|ng

appar atug_for anded s ce e not, e ned. s fically.
The firs %r‘ﬁg? Wféénﬁﬁ??é ﬁ}? Q 5’91&3}%% E‘?‘ﬂ‘% ®Gnd
t her eby ced in volune t he second processor 52 via a
transporéf she f: W‘Pﬁ?ﬁefligﬁ#) f]%ﬁ‘o‘é‘é%‘éﬂm@lmitﬁ d aghicle tp beat thenspor t
bl ower 54, whereby the first-order commnuted article 4 heated by the
heating firgtrorder ¢<§nt1martg@@mqi@4\t¢ a temnperatuap spbless thapdts sofiening goirveorl 21 53
to the second processor 52.

less than its fusion point. This allows the first-order comminuted article 4 to be

reduced in volume without producing bad smell or smoke of combustion and without
inducing decomposition on fusion.

The perimetral portion of the far-infra-red heater 22, except its surface facing
the belt 25, is surrounded by an insulating material 27 to improve the hest utilization
efficiency.

The first-order comminuted article 4, heated by the heating unit 20 and thereby
reduced in its volume, is routed to the closure member 30.

The closure member 30 includes a second conveyor 31, for transporting the
first-order comminuted article 4 illuminated by the infra-red light by the far-infra-red
heater 22 and thereby reduced in volume, as the first-order comminuted article 4 is
allowed to cool, and a cooling fan 32 for sending cooling air to the first-order
comminuted article 4 transported by the second conveyor 31 to promote heat
dissipation form the first-order comminuted article 4.

Similarly to the first conveyor 21, the second conveyor 31 is provided with a



The cooling unit 80 includes a cooling channel 81, operating as a novenent
path for the first-order commnuted article 4 changed into the second
processor 52 and plural stirring blades 82 provided at a prggg&id&erval
in the cooling channel 81 for causing novenent o~ the first-ordér

comm nuted article 4 in the cooling channel 81 under stirring to pronote
heat di ssipation of the first-order comm nuted article 4. The stirring

bl ades 82 are run in rotation slowy at an rpmof the order of 6 by a
driving notor, not shown, to transport the first-order comm nuted article 4
under stirring to pronote heat dissipdtion of the first-order comi nuted
article 4 transported through the cooling channel 81. The first-order

comm nut gﬂr of driviry rblls 33084 drobitablly rhéurite@Rahed HRUnARMBIEHTE HdA bl
channel 81 under stirring by the stirring blades 82, is routed to a

second- ossisfgér}%me'tﬂw 12Bbe) placld on th&se BRSS! 34 0TS s‘&E&ﬁcPébrll%g{)jr 90

includes a c nution roll"91 for further Tom ninuting the suppli

first-orgder ' ' i hie r..Sorti out
the secontibAHanead bl Al Sy 8RE 2 SEERRGRE B hrESrdsontbki ol o1
to permt only.the secaond-order..conm,nut.ed.article 5.0f a size ]Jess than a
pre et e dessndmen e railigs Sdonhe vl canyey a2 Linsrmportibe Bt 43 of
t he above-described unitary type processing apparatus 1 for expanded

st yr ene, ofdes ceppminutad FHclt pader GaRngdes a sol e rotary bl ade and two
stationary bl ades on both sides of the rotary bl ade. The 23 July 2002 22
commi nuti on r Similgly testheubelt A5 ofithe ifiost dopvayerr 21,ithg beltt 37 is adapteshitobe f or
further crushing the first-order commnuted article 4 transported through
t he cool muyedhdaesgy., 8dhdin biyne daenpnadotorgdreot showm, v theodirestidn iadicatedisyoduce

t he granul ated second-order comm nuted article 5. Simlar to the second
filter 44ralv é hethalueinie a€ & nRRembnt valatitl oTefoR leRaMpH, PImARRA! Phé!first- f or
expanded styrene, the second filter 92 is a metal plate including plural

circul ar bﬂ@&%ﬂuﬂﬂuﬁé&&ﬁcl&ﬂ%a’iﬂﬁ&ﬂed 8y l&i@é@cgﬁﬁ%ﬁxé{d?‘@li 5& i Ehelt

the.second filter 92 sorts out the second-order co nutéd article 5 by

permittipg 51&1?15%@?@(&& f&ob%ﬁﬁeﬁ?&&@gﬁg{)ﬂﬁérr %%MIE,% ﬁ?ﬁgﬂusﬁ# £ Roldgy t he

comm nutioh ro avi ng e slze oritice size and by

not pernytting passage of the seconl-arder.,c inuted art.icle 5.fromthe
Corm nut MsicinB 5 RHR e 5o finf BR0LE 3 B8 g R Pie® S Bmipited apictc 4R
granul at ed segond-porder..comm nuted article 5, passed thrpugh the second
filter 95{345 icoeled yuy 155??%@‘??6‘?‘8156? -Qiden BURgYRLSY. 50 as to be
used as a starting material for e.g., injection nolding, The operatjon of
t he above- des&he sedlinginsyigaso-qallsd cposscidew ifamhaypa pamitery grucsussaritied
styrene 50 is hereinafter explained. First, the power source of the
processi Hig moterrand, dysotatoniafrancair-blowiagdlrumseusisdeoma mier mtgryahefts i s
changed into the first processor 51. The paired commnuting rolls 61, 62
oper at e thor cdalmy) air cosnpphieditoghe fissterdancenminuted astide 4 Thansported byithier
comm nuted article 4 fromthe paired commnuting rolls 61, 62, 23 July
2002 23 beoondgoaveyaeres Inotpromobgchicat radiatidrefrpirethe dirstsorder comniinwed attidled
through the first filter 63 so as to be extruded to the gate 65. For
exanpl e, gthe first-order commnuted article 4 having the dianeter not

| arger than 20 to 30 mmis passed through the filter 63 and extruded onto

the gate 65. :e['glgg)%ét[&ﬁépé&ﬁxhkﬁﬂéﬁ(mwlﬁ%aﬁﬁﬁéﬁéc?oy%e@é&fn%%ﬁv%@lm@ gate

65, is agitat

cooled, 1s supplied to the second-order comminuting unit 40.
The second-order comminuting unit 40 includes an inclined conveyor 41, for

uplifting the first-order comminuted article 4 cooled by the closure member 30, a coil



t he paddl er 66, and supplied to the inchoate side of the conveyor 75,

novi ng at a constant velocity, at a constant feed gate. The first-order
comm nuted article 4 having a size larger than a pre-set vabgguiys2¢o@r aped
by the scraper roll 64 so as to be recomm nuted by the paired com ninuting
rolls 61, 62. Th first-order conm nuted article 4 supplied to the conveyor
75 is-transported by the conveyor 75 and irradiated with the far-infra-red
light by the far-infi-a-red heater 72 arranged on the transporting channel.
The first-order comminuted article 4, thus illum nated by the
far-infra-red |Iight, undergoes int erlrgal heating, so that its expanded space
is destructed and hence the first-order conm nuted article 4 starts to be
cont r actasaveyon 42 forrtsansferdog tho fmstrordedcemtiinited 4rtinle d; rapsportedibyethei ¢
contraction, w thout deconposition on fusion, until the tine it reaches the
trail i ngeeond obntdyor Sarofaieclostre senibieaof batofthe siclimed @onveyoridlyasdaarticl e
4 w t hout undergoi ng deconposition on fusion and is deforned in a coral

shape. TognhidtirpOfdlEs3 T firttresbninidutin the RkRbARS dotlinub&l &A1k 4Shape,

descends firomthe trailing end of the conveyor 75 and 1s transported
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first-order conmm puted article 4, ich has retained heat of the order of
120 to ©ORREIRULEHRY fhwwmﬂmwfml}ggéempmt&ﬁffx se¢end-preisT eorImIRUtede
conveyor 75, is cooled to approximately 40 C at the trailing end of the
cool i ng artiglentnotglargerthama peg-setisitg, todve passedtherethiought es t he path of
novenent of the first-order comm nuted arxicle 4 through the inside of the
second pr ocesHuringlined henvayos # as dedeaypnof o first driving mlled 54 adpmeheth the
approximately 40 C, descends fromthe trailing end of the cooling channel

81 and idrivitg trbRr34cformthe weeshdyonvig ot Gyiarsecond diiwidg il #6imoudted at anul at ed
second-order comm nuted article 5. The second-order conmminuted article 5,

commi nutigehédpdsitgort & thY Hr@drivihg r&il 450aid & bER 470k the&&h of B2AtapilPire- Set
size, is passed through the second filter 92 and discharged to outside the

second M7FIREEP6n e fifsPindIRIAU Folld 45 4B AT HIREALIUR L BAM PERLA' © ©

havi ng the size not larger than 7 mm’is arged to outside o e second

pr 0cess afetfing WiLlbl 41 THCUARBNE Ve  ARERISCSTShINAPRAIAL Yoo Dpr¥fianded

styrene a escri be e unnee expan yrene I'S

processed, w t.h-fi.rst-order ., c ] nution hen,il.l um nat ed t he

Pare§ memebal” mid B 37 S RaainET I ¥ e bY Grkriying FIolSt, Rt syt at et «
second-order, comu nuti.on t o .pr.odu t he gr.anul at edq secondprder conm nuted
articl e 8t velggitidn e digsation Bdisated By ateon rgbbstfjherifsweﬁf EQmgynyEds

t wo- segnent. t ype praqcessing . apparatus for expanded styrene 50 by the

1 ocess Atielse Supplied bo fhedogincoasveypr 41 isomltieddonie MAIRGTE PSS ATt | on by
far-infra-red |ight and second-order conmm nution, presents a granular’
appear arcprehgetihgighdn aver aged si ze and shape. Similarly to the second-order
commnuted article 5, prepared by the unitary type processing apparatus 1

f or expanded HBieg/caheonvdyer 42 avooil-chajgrd amdhanits ene end posicohedbelpsr thid by t he
t wo=segnent type processing apparatus for expanded styrene 50 is charged
into, faraitingend ef th@etondednvenordl itiile Wiy itCother @Rl pRitidRed Belovetheas a
starting material for injection nolding. The second-order conm nuted

articl e jackgHte 8hd @f AR MckREd 8SnRFol BIT THEEAil EGHvRyor 42 is adapted to be run

-
-

in rotation by a driving motor not shown. This coil conveyor 42 is driven to transport

the first-order comminuted article 4 descending from the trailing end of the second



the concrete or nortar mxture so as to be re-used a |ightwei ght

construction material . 23 July 2002 26 CLAIMS: 1. A nethod for re-using
expanded styrene including conm nuting expanded styrene; . Zpjhiypgophe
comm nut ed expanded styrene by size; illumnating far-infra-red light to

only a portion of the sorted comm nuted expanded styrene that is smaller in
size than a pre-set value to reduce the volune thereof; further comm nuting
t he expanded styrene, which has been reduced in volune, to prepare a

granul ated material; and injection noulding the granulated material to
prepare a regenerated article. 2. Thit nethod of claim 1 further conprising:
re-conmm nuting a portion of the comm nuted expanded styrene that is |arger

t han t hecgiivey6€81 Y@ thecincBoatd lead wf tiothclihed tahveybrdn. 2, further conpri sing:
cooling the expanded styrene, reduced in volune after illum nating the
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sorting neans for sorting the conm nuted expanded styrene by size; 23
Jul'y 200¢n both sides of the rotary blade and is run 1n rotation by a driving motor, not shown,
via a V-belt for example, to crush the first-order comminuted article 4 descending -
from the trailing end of the inclined conveyor 41 to produce granulated second-order
comminuted article 5.

The second filter 44 is formed by, for example, a metal plate, having plural
circular-shaped orifices, not shown, approximately 7 mm in diameter. This second
filter 44, arranged below the comminuting roll 43, has its center portion molded to a
curvilinear shape to surround the comminuting roll 43, while having its both ends
secured to the inner wall surface of the main body unit 2.

This second filter 44 allows the second-order comminuted article 5 from the
comminuting roll 43, having the diameter less than the orifice diameter, to pass
through the orifices, while not allowing the second-order comminuted article 5 of the
diameter, larger than the orifice diameter, to pass through the orifices, to sort the
second-order comminuted article 5.

The second-order comminuted article 5, passed through the second filter 44, is

discharged to outside the main body unit 2 via a discharge port 2b provided in the main
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said illuninating means. 7. The appatatus according to claims 5 or 6,
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The first-order comminuted article 4, extruded onto the gate 5, is agitated by the
paddler 16, and supplied to the inchoate side of the first conveyor 21, moving at a
constant velocity, at a constant feed rate. The first-order comminuted article 4 having
a size larger than a pre-set value is scraped by the scraper roll 14 so as to be re-
comminuted by the paired comminuting rolls 11, 12.
Th first-order comminuted article 4 supplied to the first conveyor 21 is

transported by the first conveyor 21 and uradiated with the far-infra-red light by the

far-infra-red heater 22 arranged on the transporting channel. The first-order
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comminuted article 4, thus illuminated by the far-infra-red light, undergoes internal
heating, so that its expanded space is destructed and hence the first-order comminuted
article 4 starts to be contracted. This first-order. comminuted article 4 undergoes
volumetric contraction, without decomposition on fusion, until the time it reaches the
trailing end of the first conveyor 21, so that the first-order comminuted article 4 is
deformed in a coral shape.

The first-order comminuted article 4 deformed into the coral shape, descends
from the trailing end of the first conveyor 21 and is thence supplied to the second
conveyor 31 travelling at a constant rate. The first-order comminuted article 4,
supplied to the second conveyor 31 is transported as it is cooled gradually by the
second conveyor 31. The first-order comminuted article 4 transported by this second
conveyor 31, is exposed to the cooling air flow from the cooling fan 32 so that its heat
dissipation is promoted. Thus, the first-order comminuted article 4, at a temperature
of the order of 120 to130°, at the inchoate end of the second conveyor 31, is cooled
to a temperature of the order of 40°C at the trailing end of the second conveyor 31.

The first-order comminuted article 4, supplied to the inclined conveyor 41, is
uplifted by the uplifting pieces 47a to a pre-set height. The first-order comminuted
article 4, uplifted to the pre-set height, is further comminuted by the comminuting roll
43 into granulated second-order comminuted article 5.

The second-order comminuted article 5, comminuted by the comminuting roll

43 to a size not larger than the pre-set size, is passed through the second filter 44 to
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descend via the discharge port 2b to outside the main body unit 2. The second-order
comminuted article 5, with the diameter of not larger than 7 mm, is discharged via the
discharge port 2b to outside the main body unit 2.

With the processing apparatus 1 for expanded styrene, the unneeded expanded
styrene 3 is subjected to first-order comminution, followed by irradiation with the far-
infra-red light for volume reduction and by second-order comminution in this order to
prepare the granulated second-order comminuted article 5. The second-order
comminuted article 5, prepared by the processing apparatus 1 for expanded styrene
through the processes of first-order comminution, irradiation with far-infra-red light
and second-order comminution, is averaged in size and shape to give a granulated
article having the diameter mainly in a range from 2 to 3 mm, as shown in Fig.3. Fig.3
shows particle size distribution of the second-order comminuted article 5 in case the
second filter 44 has the orifice diameter of the order of 7 mm. If the orifice diameter
of the second filter 44 is modified, a second-order comminuted article can be obtained
which has an averaged particle size different from that of the second-order
comminuted article 5 shown in Fig.2.

The second-order comminuted article 5, prepared by the processing apparatus
1 for expanded styrene according to the present invention, is charged into, for
example, an injection molding machine, so as to be re-used as a starting material for
injection molding.

The second-order comminuted article 5, prepared by the processing apparatus
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1 for expanded styrene according to the present invention, is averaged in this manner
in size and shape and hence can be re-used as a starting material for injection molding.
If the starting material having variations in size and shape is used for injection
molding, it may be an occurrence that the material is fused only insufficiently in the
injection molding machine to cause malfunctions thereof or deterioration in the quality
of the molded product. However, the second-order comminuted article 5 produced by
the processing apparatus 1 for expanded styrene according to the present invention is
granulated to a uniform size and shape and hence can be used satisfactorily as a
starting material for injection molding without producing these inconveniences.

The second-order comminuted article 5 an also be mixed as an ingredient into
the concrete or mortar mixture so as to be re-used a lightweight construction material.

A two-segment type processing apparatus for expanded styrene 50, made up of
a first processor having a unit for comminuting unneeded expanded styrene and a unit
for illuminating far-infra-red light on the first~order comminuted article, and a second
processor h“aving a cooling unit for cooling the first-order comminuted article, reduced
in volume on heating, and a unit for further comminuting the first-order comminuted
article to prepare the second-order comminuted article, is now explained.

Referring to Fig.4, the two-segment type processing apparatus for expanded
styrene 50 includes a first processor 51, having a first-order comminuting unit 60 for
comminuting the unneeded expanded styrene 3 and a heating unit 70 for heating the

expanded styrene already subjected to first-order comminution (first-order
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comminuted article 4) by illuminating the far-infra-red light thereon, and a second
processor 52, having a cooling unit 80 for cooling the first-order comminuted article
4 reduced in volume on heating, and a second-order comminuting unit 90 for further
comminuting the cooled first-order comminuted article 4 for producing the granulated
second-order comminuted article 5 having uniform size and shape.

In this two-segment type processing apparatus for expanded styrene 50, the
first-order comminuted article 4, processed with first-order comminution and heating
by the first processor 51, is routed by a transport blower 54 via a transport tube 53 to
the second processor 52 where the article is cooled and subjected to second-order
comminution to give the granulated second-order comminuted article 5.

Similarly to the first-order comminuting unit 10 of the unitary processing
apparatus 1 for expanded styrene, described previously, the first-order comminuting
unit 60 includes a pair of comminution rolls 61, 62, as comminution means for
comminuting the expanded styrene 3 charged into the first processor 51 of the
processing apparatus for expanded styrene 50, a first filter 63 for sorting the first-order
comminuted article 4 from the paired comminution rolls 61, 62 to permit only the first-
order comminuted article 4 of the size less than a pre-set size to be passed
therethrough, a scraper roll 64 for scraping the first-order comminuted article 4 not
larger than a pre-set size to inject it into a space between the paired comminution rolls
61, 62 and a gate 65 for routing the first-order comminuted article 4 sorted by the first

filter 63 quantitatively to the heating uni 70. The first-order comminuting unit 60 also
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includes a paddler 66 for stirring the first-order comminuted article 4 in the gate 65 to
prevent accumulation of the first-order comminuted article 4 passed through the first
filter 63.

The various components of the first-order comminuting unit 60 are similar to
those of the first-order comminuting unit 10 of the unitary type processing apparatus
for expanded styrene and hence are not explained specifically.

The first-order comminuted article 4 from the first-order comminuting unit 60
is quantitatively supplied to the heating unit 70.

Similarly to the heating unit 20 of the above-described unitary type processing
apparatus for expanded styrene, the heating unit 70 includes a conveyor 75 for
transporting the first-order comminuted article 4 from the first-order comminuting unit
60, and a far-infra-red heater 72 for illuminating the far-infra-red light to the first-order
comminuted article 4 transported on the conveyor 75 to heat and reduce the volume
of the transported article.

The respective components of the heating unit 70 are similar to those of the
heating unit 20 of the above-described unitary type processing apparatus for expanded
styrene, and hence are not explained specifically.

The first-order comminuted article 4, heated by the heating unit 70 and thereby
reduced in volume, is supplied to the second processor 52 via a transporting tube 53.
Within the first processor 51 is mounted a transport blower 54, whereby the first-order

comminuted article 4 heated by the heating unit 70 is transported via the transport tube
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53 to the second processor 52.

The cooling unit 80 includes a cooling channel 81, operating as a movement
path for the first-order comminuted article 4 charged into the second processor 52 and
plural stirring blades 82 provided at a pre-set interval in the cooling channel 81 for
causing movement of the first-order comminuted article 4 in the cooling channel 81
under stirring to promote heat dissipation of the first-order comminuted article 4.

The stirring blades 82 are run in rotation slowly at an rpm of the order of 6 by
a driving motor, not shown, to transport the first-order comminuted article 4 under
stirring to promote heat dissipation of the first-order comminuted article 4 transported
through the cooling channel 81.

The first-order comminuted article 4, cooled as it is transported through the
cooling channel 81 under stirring by the stirring blades 82, is routed to a second-order
comminution unit 90.

The second-order comminution unit 90 includes a comminution roll 91 for
further comminuting the supplied first-order comminuted article 4, and a second filter
92 for sorting out the second-order comminuted article 5 pulverized by the
comminution roll 91 to permit only the second-order comminuted article 5 of a size
less than a pre-set value to pass therethrough.

Similarly to the comminuting roll 43 of the above-described unitary type
processing apparatus 1 for expanded styrene, the comminution roll 91 includes a sole

rotary blade and two stationary blades on both sides of the rotary blade. The
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comminution roll 91 is run in rotation by a driving motor, not shown, for further
crushing the first-order comminuted article 4 transported through the cooling channel
81 to the second-order comminution unit 90 to produce the granulated second-order
comminuted article 5.

Similar to the second filter 44 of the above-described unitary type processing
apparatus 1 for expanded styrene, the second filter 92 is a metal plate including plural
circular-shaped orifices, not shown, approximately 7 mm in diameter, the second filter
92 sorts out the second-order comminuted article 5 by permitting the passage of the
second-order comminuted article 5 from the comminution roll 91 having the size not
larger than the orifice size and by not permitting passage of the second-order
comminuted article 5 from the comminution roll 91 having the size larger than the
orifice size.

The granulated second-order comminuted article 5, passed through the second
filter 92, is discharged outside of the second processor 52 so as to be used as a starting
material for e.g., injection molding.

The operation of the above-described two-segment type processing apparatus
for expanded styrene 50 is hereinafter explained.

First, the power source of the processing apparatus 50 is turned on, and
unneeded expanded styrene 3 is charged into the first processor 51. The paired
comminuting rolls 61, 62 operate for finely comminuting the expanded styrene 3.

The first-order comminuted article 4 from the paired comminuting rolls 61, 62,
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having a size not larger than the pre-set size, is transmitted through the first filter 63
so as to be extruded to the gate 65. For example, the first-order comminuted article
4 having the diameter not larger than 20 to 30 mm.is passed through the filter 63 and
extruded onto the gate 65.

The first-order comminuted article 4, extruded onto the gate 65, is agitated by
the paddler 66, and supplied to the inchoate side of the conveyor 75, moving at a
constant velocity, at a constant feed rate. The first-order comminuted article 4 having
a size larger than a pre-set value is scraped by the scraper roll 64 so as to be re-
comminuted by the paired comminuting rolls 61, 62.

Th first-order comminuted article 4 supplied to the conveyor 75 is transported
by the conveyor 75 and irradiated with the far-infra-red light by the far-infra-red heater
72 arranged on the transporting channel. The first-order comminuted article 4, thus
illuminated by the far-infra-red light, undergoes intemal heating, so that its expanded
space is destructed and hence the first-order comminuted article 4 starts to be
contracted. This first-order comminuted article 4 undergoes volumetric contraction,
without decomposition on fusion, until the time it reaches the trailing end of the
conveyor 75, so that the first-order comminuted article 4 without undergoing
decomposition on fusion and is deformed in a coral shape.

The first-order comminuted article 4 deformed into the coral shape, descends
from the trailing end of the conveyor 75 and is transported through the transporting

tube 53 for Stravelling within the second processor 52.
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The first-order comminuted article 4, travelling within the second processor 52,
is moved as it is stirred by the stirring blades 82 to promote heat dissipation. For
example, the first-order comminuted article 4, which has retained heat of the order of
120 to 130°C at the time point of descent from the trailing end of the conveyor 75, is
cooled to approximately 40°C at the trailing end of the cooling channel 81. In the
drawing, an arrow g indicates the path of movement of the first-order comminuted
article 4 through the inside of the second processor 52.

The first-order comminuted article 4, cooled to approximately 40°C, descends
from the trailing end of the cooling channel 81 and is further comminuted by the
comminution roll 91 into the granulated second-order comminuted article 5.

The second-order comminuted article 5, comminuted by the comminution roll
91 to a size not larger than a pre-set size, is passed through the second filter 92 and
discharged to outside the second processor 52. For example, the second-order
comminuted article 5 having the size not larger than 7 mm is discharged to outside of
the second processor 52.

With the two-segment type processing apparatus for expanded styrene 50, as
described above, the unneeded expanded styrene 3 is processed with first-order
comminution, then illuminated by the far-infra-red light for volumetric reduction and
further processed with second-order comminution to produce the granulated second-

order comminuted article 5. The second-order comminuted article 5, fabricated by this

two-segment type processing apparatus for expanded styrene 50 by the process steps
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of first-order comminution, llumination by far-infra-red light and second-order
comminution, presents a granular appearance having an averaged size and shape.

Similarly to the second-order comminuted article 5, prepared by the unitary type
processing apparatus 1 for expanded styrene, the second-order comminuted article 5
prepared by the two-'segmént type processing apparatus for expanded styrene 50 is
charged into, for example, an injection molding machine so as to be re-used as a
starting material for injection molding.

The second-order comminuted article 5 can also be mixed as an ingredient into

the concrete or mortar mixture so as to be re-used a lightweight construction material.
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CLAIMS:

1. A method for re-using expanded styrene including
comminuting expanded styrene;
sorting the comminuted expanded styrene by size;
iluminating far-infra-red light to only a portion of the sorted comminuted
expanded styrene that is smaller in size than a pre-set value to reduce the
volume thereof;
further comminuting the expanded styrene, which has been reduced in volume, to
prepare a granulated material; and
injection moulding the granulated material to prepare a regenerated article.

2. The method of claim 1 further comprising:
re-comminuting a portion of the comminuted expanded styrene that is larger than
the pre-set value.

3. The method of claim 1 or 2, further comprising:
cooling the expanded styrene, reduced in wvolume after illuminating the

comminuted expanded styrene.

4. A method for re-using expanded styrene comprising :
comminuting expanded styrene;
illuminating far-infra-red light to the comminuted expanded styrene to reduce the
volume thereof;
further comminuting expanded styrene, reduced in volume, to prepare a
granulated material;
sorting the granulated material; and
injection moulding only a portion of the sorted granulated material that is smaller
than a pre-set value.

5. Apparatus for processing expanded styrene comprising:
comminuting means for first-order comminuting charged expanded styrene;
sorting means for sorting the comminuted expanded styrene by size;
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reduce the volume thereof; and
means for further comminuting the expanded styrene,‘which has been reduced in
volume, to prepare a granulated material.

6. The apparatus 'according to claim 5 wherein said sorting means is operable to sort
the expanded styrene first-order comminuted by said first comminuting means
according to the size to supply only the expanded styrene first-order comminuted
to a size not larger than a pre-set value to said illuminating means.

7. The apparatus according to claims 6 or 6, further compn'si.ng:
cooling means for cooling the expanded styrene heated by said illuminating
means and for supplying the cooled expanded styrene for said means for further
comminuting.

8. The apparatus according to any one of claims 5 to 7, further comprising:
second sorting means for sorting the granulated material prepared by said
illuminating means according to size to discharge only the granulated material
having a size smaller than a pre-set value.

9. Apparatus according to any one of claims 5 to 8, further comprising means for
injection moulding the granufated material to prepare a regenerated article.



