DESCRI PTION  Met hod of Produci ng Regenerated Expandable Pol ystyrene Resin
Parti cl es—5-Teehni-eca-“Firetd— The present invention re(ﬁies to a method of
produci ng regen dable pol ystyrene resin pafrticles to regenerate
and reuse expa Bﬂ |mﬂ@m ene 10 resins used as thermal and heat -

i nsul ati on nat ing materials for packaging, etc. Mre

particul arly, the*HWéﬁent invention relates to a nethod of producing
regener at ed expandabl e pol ystyrene resin particles to regenerate foanmed
pol ystyrene Hmmmnmmmﬂmmm | s di scarded as 15 waste after use, or flashes,
defective pr pr oduced phgdrRIPHI®Y process of form ng foaned
materials and teghguse them as foaned materials. r Background Art: 20
Expanded pol ystyrene is used in |arge quantities as packing materials,
custroni ng erjals, th rnal nsul ati.on teri bUI|dI s and.
-refrigeratS&gﬁlci fg 9%%‘ ST 2 tht Rﬁﬁéﬁél;ﬁy WELEIT al s,
decorati ve gratiqf qﬂypdry materials, and so forth. 25 Wast e of these
materials or oane pol ystyrene resin naterlals produced as flashes or

def ecti¥e products and discarded as waste should preferably be recycl ed

and reused as nmuch as possi bl e. However, expanded pol ystyrene r
Technical Field: .

The present invention relates to a method of
producing regenerated expandable polystyrene resin
particles to regenerate and reuse expanded polystyrene

10 resins used as thermal and heat insulation materials,
packing materials for packaging, etc. More particularly,
the present invention relates to a method of producing
regenerated expandable polystyrene resin particles to
regenerate foamed polystyrene resin materials discarded as

15 waste after use, or flashes, defective products, etc.
produced during the process of forming foamed materials

and to reuse them as foamed materials.

Background Art:

20 Expanded polystyrene is used in large quantities as

- packing materials, cushioning materials, thermal
insulation materials for buildings and.refrigerators,
tatami cores, roofing, container packaging materials,
decorative materials, foundry materials, and so forth.

25 Waste of these materials or foamed polystyrene resin
materials produced as flashes or defective products and
discarded as waste should preferably be recycled and

reused as much as possible. However, expanded polystyrene



-2 1is large in specific volunme and bul ky at sites where waste expanded
pol ystyrene occurs. Thierefore, it is desirable in or{der to recycle these
wast e expanded pol ystyiene materials that they shoul “Be subj ected to
volunme 5 'reduction at sites where waste expanded pol ystyrene occurs from
t he viewpoi nt of ensuring a space for cof Fection and storage and reduci ng
the cost of transporting the waste to a regeneration factory. Various

nmet hods for vol unme reduction have been 10 proposed, e.g. a nethod wherein
wast e expanded pol ystyrene is crushed and forned into blocks by friction

conpression ar neltjng under. heatjn and .a net hod wher ei t panded
‘pol ystyrene$ sletﬁ%%olt%e?‘?%lél%o‘f?/je‘f{?é t?}l‘gc%?gg% a5 ot ke r %%%%i‘g%?’@éor

exanpl e, anggg;ggﬁe ApPPRLACatd 5 gnexamJied Rubliicald @Al No.
Sho 50- 1099 |sc¥gé€£§sa nertlig%éﬂh%%ei nWlstyr gr%%dr elsi nl particles having a

size not lerdyer ttdharedyche arite se spesid | exppraed ok ysibooend. 2 and.
containing a | arge nunber of cells are dispersed in watey containing an

organi-c soMAGRT kP sthat dePgvrshRuldRe BT B4 itk e‘éo,]a‘fm% t enper at ur e
ycr ocas borl S TR T L S R e 41 AT b LA RS R s T <
met hod, it firxorgenes aldswph it it teducpactsgnearetbr sty Baet i@sianarticl es
to a specific gravity of 0.2 stably 25 and industrially. Japanese Patent
Appl i cat i orstreaaaTianedl FbIGiod P QAEKA S -NER IR T L1 97T rapeseC a
met hod v\/neraeirnegsetr}/erreal & o eggcr;ccpra;.ti cles with a size of 0.3 to 5 nm obtai ned
by -
Various methods for volume reduction have been
10 proposed, e.g. a method wherein waste expanded polystyrené
is érushed and formed into blocks by friction compression
or melting under heating, and a method wherein waste
? expanded polystyrene is dissolved in a solvent to achieve .
volume reduction. For example, Japanese Patent Application
15 Unexamined Publication‘(KOKAI)-No. Sho 50-109966 discloses
a method wherein styrene resin particles having :a size not
larger than 1 cm and a specific gravity of about 0.2 and.
containing a large number of cells are dispersed in water
containing an organic solvent and stirred for at least 30
20 minutes at a temperature not lower than the softening
point of the resin and then impregnated with hydrocarbon
to regenerate expandable styrene resin particles. With
this method, it is genefally difficult to compact foamed
styrene resin articles to a specific gravity of 0.2 stably
25 and industrially.
Japanese Patent Application Unexamined Publication

(KOKAI) No. Hei 6-87973 proposes a method wherein styrene

resin particles with a size of 0.3 to 5 mm obtained by



-S- nelting a conpacted material of foanmed styrene resin articles under
heating with an extruﬁ?{, a heated roll or the like @fe dispersed in an
aqueous nedi um contai ni'ng an organi ¢ di spersant and I‘fipregnated with an
easily-volatile 5 hydrocarbon at a tenperature not | ower than 100C and not
hi gher than 140C to produce spheri cal r‘e%jéner ated expandable styrene resin
particles. This nethod requires that inpregnation with a.volatile

hydr ocarbon should be carried out in a reaction pressure vessel, e.g.- an
10 autoclave, in order to keep pressure and tenperature. It is difficult
to use such equj pnent at a site ere ste. IS pro ed, ver, the

met hod suf st} %%r%‘b‘%@‘?%‘%ﬁgg‘%ﬁaﬁﬁ%% P%?aerﬁ?g@ f%rg i%/%é nexani ned
Publicatio +§}g§) - i+ Bs j r 269298, 668CtOBE ar 15

met hod whe;herlgnl oamﬁ%r%ﬁtﬁisﬂ%tﬁhﬁﬁ%heg shrunk into bl ocks,
whi ch are ttten ikshere tdi sidvsed I yarrequesis padiuc| esntIbeinyyarne
resin particles are  dispersed in an agueous nediunlcontaifing fn OL ani c
pol yner di spegadnt FhePe g @ IR T oAt AT R Vit 23 F - B0V B 3l g agent
to prodyce yRaenel AlG SXPANAal & SWEens e AN PALL) ¢l 6-c HamevRLe

t hi s' met hod™@uses d Tar ge anoun of organi ¢ pol ymer dispersant. Therefore,
wast ewat er fHifadmeiian beLOMEst @ prevdpd @ bd e r fldws, rédena@edted i nvol ves a
problem 25 in ternms of cost and |acks practicality. The nmethod.  requires
that i npregrnaroielylie hsty i rRs Byam shotg - bdhicamatdPodteIH £ S eact i on
pressur e vagssl ;6 %t s AUOELRVE vd T O FIEh 8 SELR A CERM £a 3¢

terrper ature. _
carried out in a reaction pressure vessel, e.g. an

10 autoclave, in order to keep pressure and temperature. It
is difficult to use such equipment at a site where waste-
is produced. Moreover, the method suffers low productivity.

Japanese Patent Application Unexamined Publication
(KOKAT) Nos. Hei 5-310987 and Hei 11-269299 disclose a

15 method wherein foamed styrene resin articles are heat-
shrunk into blocks, which are then crushed to obtain
styrene resin particles. 'The styrene resin particles are
dispersed in an aqueous medium containing an.organic
polyﬁer dispersant and impregnated with an easily-volatile

20 blowing agent to produce regenerated expandable styrene
resin particles.

However, this method uses a large amount of organic
polymer dispersant. Therefore, wastewater treatment
becomes a new problem. Thus, the method involves a problem

25 in terms of cost and lacks practicality. The method.
requires that impregnation with a blowing agent should be
carried out in a reaction pressure vessel, e.g. an

autoclave, in order to keep pressure and temperature. In



'-4- addition, the nethod suffers | ow productivity. I n Japanese Patent
Application Unexan ned- Publication (KOKAI) No. Hei 5&98062; a crushed,
foaned styrene resin-ifaterial is nelted by heating in an extruder, 5
extruded and cut into styrene resin particles. The styrene resin particles
are dispersed in pure water, and a styréﬂé‘ nononer sol ution of benzoyl
peroxide is added to the dispersion, thereby allow ng the styrene resin
particles to absorb and polynerize with the solution. Thereafter, 10 the
styrene resin particles are inpregnated with butane as - a bl owi ng agent.

Thus, th Ln_d d b | ti ' IS, yr ed
i ght - aver S oY ReUrAF BELBRE PHEERES: SRePBrausbToby- co 400, 000. This

met hod simlarly tise$apanddt IpaieontMmypl i 8ht dbSPehsRfhindder ef ore,
wast ewat er treat nment %econes a new problem Thus, the nethod invol ves a

probl em i rPulel heabforosKOKAT) | HoksHpiabtP8APR: ya Fuusthed, fhamedet hod
requires that polynerization shoul d be gerforned in. a reactiogﬁgﬁgssure

vessel , e. gt %ﬁn%ﬁ?hﬂe@aFﬁrﬁ?aertBe Beﬂegb'ﬁ?égéﬁgel%nﬂnt% rafdre.
Ther ef oge, éi%%éﬁ#@ognﬁscug'1£58ug£¥£8n85?e§£n %kﬁfcf@gfe 1S JSene

produced, and ers | ow productirvity, as in e case of the above-

descri bed niddioglspadepaneseaPat @Dspépsedcahi pirdnexest pesn®ubl seatens 25
(KOKAI') No. Hei 9-208734 states that expandable styrene resin particles
obt ai ned byreh@pehss o pbPynefibanrenl Perethdares ciddepet?filati on

product's hayj g, AL QYT AYE «BF" L1 FLF1 84 APRL €L PPhnd A 98 n 18P D felfm OF NOL

smal | er
‘to absorb and polymerize with the solution. _Thereafter)

10 the styrene resin particles are impregnated with butane as
a blowing agent.

Thus, the resin destroyed by melting on heating is
ensured a Weight—aﬁerage molecular weight in the range of
200,000 to 400,000. This method similarly uses a large

15 amount of dispersant. Tﬁereforeh wastewater treatment
becomes a new problem. Thus, the method involves a problem
in terms of cost and lacks practicality. Further,=the'
method requires that polymerization should be performed in
a reaction pressure vessel, e.g. an autoclave, in order to

20 keep pressure and temperature. Therefore, the method is
difficult to use at a site where waste is produced, énd
suffers low productivity, as in the case of the above-
described methods.

Japanese Patent Application Unekamined Publication

25 (KOKAI) No. Hei 9-208734 states that expandable styrene
resin particles obtained by suspension polymerization,
which are off-specification products having an average

particle diameter not larger than 0.4 mm or not smaller



-5- than 1.3 nm are introduced into an extruder, together with a styrene
resin and a blowing agént, and the mixture is extruded into a heated
liquid under pressure=dnhd instantaneously cut to obtain regenerated
expandabl e 5 particles. This nmethod nee to carry out the process in a
reaction pressure vessel, e.g.. an autoctave, in order to allowthe resin
extruded fromthe extruder to maintain a- pressure higher than the
saturated vapor pressure of the blowi ng agent and a necessary tenperature.
Accordingly, 10 the nethod is difficult to use at a site where waste is

produced, d suffers | ow.productivity,. int of

above- desc%r}ﬁ'ﬂtﬁrmf%s.a ) A % e%tlaf?ée% aalbo?/h)g?lg]?%er’r e%% er%(ta'red
expandabl e R Yty PRghd &5d Sl Paidd Cd WG dgertef hogls thatmbaverdS
her et of ore been proposed are regeneration net hods which are roughly as

fol | ows. Friemextwonpedtiottoret ereated edugeidd indem|pines siter andol une
reduci ng agent, the vol une reducug%uggﬁnt and the polystyrene resin are

separateq.lQﬂﬁ%ﬂFﬁﬁ?QRﬂ%M'%ﬂ%é%% 3&ﬁ%&¥ﬁﬁ?§ i PR rred by 20
heat shgintAgs; AN, YR HAUMNOH SRR AN dat oy TRLR0MHLY Ul B rPILW N

agent to obtain regenerated expand pol ystyrene resinparticles. These

convent i onale dcageite i sk e arskdd 6, 9af y dryransdesid), pat toxder ptoduci ng
nmet hods require that 25 the operation for separating the vol une reducing

agent and tHd apeiha imms froredtprdgrhaiioly e sxdgiuten thP (Pl bIDWR Ry~ agent
shoul ¢ e RS SRS SERL 2Bl SO SPAT AP oIR8 el oe
blowing agent and a necessary temperature. Accordingly,

10 the method is difficult to use at a site where waste is
prdduced,'and suffers low productivity, as in the case of
the above-described methods.

As has been stated above, the regenerated expandable
polystyrene resin particle producing methods that have

15 heretofore_been proposed are regeneration methods which
are roughly as follows. From a compacted material reduced
in volume with a volume reducing agent, the volume
reducing agent and the polystyrene resin are separated.
Alternatively, blocks of polystyrene resin are formed by

20 heat shrinkage. Then, the polystyrene resin is impregnated
with a blowing agent to obtain regenerated éxpandable
polystyrene resin particles.

These conventional regenerated expandable
polystyrene resin particle producing methods require that

25 the operation for separating the volume reducing agent and
the operation for impregnating'the resin with the blowing
agent should be performed separately from each other, and

hence need a large number of man-hours. Further, because a



C D -6' dispersant is used, wastewater treatnent is_required.

Therefore, the conve 25 nal nmet hods are disadvantagedﬁ? ‘fromthe viewpoint
of production cost. Fui'ther, the conventional nethods suffer fromthe 5
probl em of energy | oss due to heat shrinkage. The nethod wherein the

vol une reduci ng-agent is separated fromthe conpacted material by heating
or the polystyrene resin nelted under heating is extruded by an extruder
or the 1like for heat shrinkage to reduce the volune thereof 10

suffers' fromthe probl em of deterioration of the resin due to heat

hi story. Trael(')rret hod wherein cﬁ)ol)%rre i zation i(:}s‘,it ergg oy Ire ﬂgdto

conpensat e PP T Het et i B1&T1 o> sTTTeFs TrontThe I'03s" ¢

e 1'05s of €energy and needs

a process fofer X HATET i Hat & Oty el HEAT End €S efr ANdi SKdRast dgdyugore 15
conplicated process. Wth the foregoi ng-problens as background, the

present i nvemn drhevasi evpieind @f teredudeion otddwi ng obj.ects. An obj ect -of
the present inventign.is tqQ.provide a nethod of,6 produci ng_regenerated
expandabl e pol ystf LZ(F%%S‘??PY)%HHQH%]S nqﬂ:{ﬂoqg %’d{;“g@oq %]fﬂ'“g the

si nmul t ageo f i oY &L Ve OFh H%F% 5§?nﬂ R 2gent, J4 om a
wast e fga %oﬁ%?{stﬁ ;Enr{el%%gielné%;td'eﬁ a?&co%bﬁéggf e V\]II£t t he ev%\%:}rreofdr educi ng
agent and therddipl agiatvdlumé tiedudl oy agentadgents eda rrtthdiaff o Octre '
tenperature. 25 Another object of the present invention is to provide a

met hod of FOFRASERY MefeaTckak & DI e R i TP P ticl es
that Consu%%ﬁf@d“dﬂﬁ@ﬁ“ﬁgating is extruded by an extruder or the

like for heat shrinkage to reduce the volume thereof

t

10 suffers from the problem of deterioration of the resin due
to heat history. The method wherein polymerization is
performed again to compensate for the deterioration
suffers from the loss of energy and needs a process for
polymerization and hence requires an increasingly more

15 cohplicated process. With the foregoing problems as
background, the present invention was made to attain the
following objects.

An object of the present invention is to provide a
method of producing regenerated expandable polystyrene

20 resin particles that is capable of simultaneously
performing the recovery of a volume reducing agent from a
waste foamed polystyrene resin material compacted with the
volume reducing agent and the impregnétion with a blowing
agent at ordinary room temperature. |

25 Another object of the present invention is to
provide a method of producing regenerated expandable
polystyrene resin particles that consumes minimum heat

energy.



energy. -7- Disclosure of Invention: (First method of rodu0|ng regenerated
expandabl e pol ystyref e resin particles) 5 A first “hiod "of produci ng
regener at ed expandabl paol ystyrene resin particles accordlng to the
present invention is.characteri.zed in %hat a waste foaned polystyrene
resin material made of an expanded pol ystyrene: resin is.dissolved in a
vol unme reducing agent having 10 solubility with respect to the foaned

pol ystyrene resin material and exhibiting a nutual solubility with .a
blowing agent to be used, thereby formng a conpacted material, and the
conpacted material is dlpped in the blow ng.agent for expanding the

pol ystyrene resin at ordinary room 15 tenperature, thereby extracting the

vol ume redug{ 813880 oFr eAVvEReigAMPacted material and, at the sane tine,
i npregnating the conpacted material with the blowi ng agent to regenerate

t he expande(Fjposyshyteod oéspnedaqdn@orﬂgﬁgerahedregeaedabee expandabl e

polystyrene resin into a 20. predeterm ned shape. The term "pol ystyrene
resin" as uRUYTFEYTRPHrESE p??ﬁ&ﬁi% h neans a pol ymer obt ai ned by

pol ymeriszi ng Styreng; rof Re€0PQ! ¥FeHr OBt @I Mg drbye cOPOL¥TREXBRR A1 OF a
material containing a polystyrene as a main conponent w th another 25.

nononer . . Tielystyrée« paasien patystyesneccesdivigasousked pneséhe present
invention neans a resin having small closed cells Eroduced by i npregnating

t he above- dEReeH bion b%l?%%??%ﬁ%r%é%ﬁnlﬂnF%a% I 89F hg BgRREYand expandi ng

the ‘polystyrene resin material made of an expanded polystyrene

resin isedissolved in a volume reducing agent heving

10 solubility with respect to the foamed polystyrene resin
material and exhibitihg a mutual solubility with a blowing
agent to be used, thereby forming a compacted material,
and the eompacted material is dipped in the blowing agent
for expanding the polystyrene resin et ordinary room

15 temperature, thereby extracting the volume reducing agent
from the compacted material and, at the same time,
impregnating the compacted material with the blowing agent
to regenerate the expanded polystyrene resin, and forming
the regenerated expandable polystyrene resin into a .

20 predetermined shape. _

The term “polystyrene resin” as used in the present
invention means a polymer obtained by polymerizing etyrene
or a eopolymer obtained by copolymerization of a material
containing a polyetyrene as a main compenent with another

25 monomer. The term “expanded polystyrene resin” as used in
the present invention means a resin having small closed
_.cells produced by impregnafing the above-described

polystyrene resin with a blowing agent and expanding the _



-8- inpregnated polystyrene resin under heating. The term "foaned

pol ystyrene resin matgrlal" as used in the present ifivention neans the
above- descri bed expanded pol ystyrene resin shaped by™a publicly known
f.orm ng nethod, and 5 mainly neans foanmed materials di scarded as waste
after use. Further, foaned ponstyrene‘PéSin materials in the present

i nvention may be different fromeach other in the constituent material and
the nethod of form ng according to the purpose of use and.the shape

t hereof, such as 10 thermal insulation materials and packing materials, and

roughly divided intp thos | ded from expandabl e ol ystyrene resin
particles (+W%Feﬁ8?gFﬂgB??YgﬁHrFHSSEGSé§p§ﬂ§85 %ﬁaEEP?uS! e (Fe¥Y boar ds,
styrene papefqafbq- polydbgrexeapdabhenpobyshyrens ngsknihSthBepresent
above-descri bed 15 pol ystyrene resin containing a blow ng agent, which is
al so used asnwembieniméahsrther aboyettiesabbbeddespantded pbogetdrpokystyrene

resin material, The above-described. expandabl e polystgrene resin particles
are gl obul a¥edin pRRAARYbRaBEL b1 CLHekBBUR el aERERT HBETHBRY sEhFfene resin 20

Contafn%ngé%%PﬁP 'HQaRQePBa%&QiﬁQtéf?aE§eQi§§?§d%ﬁa§EPQas tgkkﬁk-u¥@?”

heated, th eads expand an orm closed ce erein. e volune

reduci ng agent i NFiRELSF £SESEMEAVIENL ¥ Oty réise ar ol @rmsoéyeal s hawi tige
solubility with respect to the 25 polystyrene resin and exhibiting a
mut ual sol UbF¢seRt winvierheop| Baw nge agbhfererhef BPP yeaprarFhgr %hetgﬁlar

POLVeT! ooy U oA TE LSPLL A0, APSPh B B PLERERS ARUGPLLRD 1o @
to the purpose of use and .the shape thereof, such as
10 thermal insulation materials and packing materials, and
roughly divided into those molded from expandable
polystyrene resin particles (i.e. moldingé), and those
expanded by extrusion (i.e. boards, styrene paper, etc.).
The expandable polystyrene resin is the above-described
15 polystyrene resin containing a blowing agent, which is
also used as a materiai for forming the above-described
foamed polystyreﬁe fesin material. The above-described
expandable polystyrene resin particles are globular or
columnar beads of the above-described polystyrene resin
- 20 containing a blowing agent, which are used as a foéming
‘material. When heated, the beads expand and form closed
cells therein.
The volume reducing agent in the pfesent invention
is a polar solvent having solubility with respect to the
25 polystyrene resin and exhibiting a mutual solubility with
the blowing agent. Generally speaking, the polar solvent

used as the volume reducing agent in the present invention

is a liquid consisting of molecules with a large dipole



( -9- nmonent and having a large specific dielectric constant. The polar
sol vent used as the v,k nme reduci ng agent in the prﬁ%%ht i nvention shoul d
desirably be a polar solvent whose hydrogen bond term 5h and polarity term .
by satisfy 5 the follow ng conditions mhgn specified by the Hansen
solubility paranmeters (Hansen 3D solubiTrty paraneters): ((5p-5. 8) Z+
(6h-4.3) 2<50 and 5p2+bh2>46 [units: (J/cnB) 112] The range of numeri cal
val ues for the polar solvent 10 was determ ned by Exanples and Conparative
Exanpl es (descri bed Iater) In the Hansen solubility parameters,

S ommonent 3 mBREATELELS DL REAUCSd B HedeRiand 81 ey LRd LR DT o8

conponents, I Spersi arl y te

hydr ogen bwﬂetﬁbmh%soaﬂen@xa%@asa@ ltﬁeavbm[lfa@ rduﬁemﬁgoagbnspaﬁeth“éhe
di spersion term 5d shows the effect of non-polar interaction. The polarity

term by shopsesbet dhfentioh shveddddpslizabdycbe FThpohgdr egérebsnd ter m bh
shows the effect of h drogen Bond st%gn%%g. IE g[gct'cal 50 a Li ation, a
t wo- di mensi BRAFE nBpd 5 IERePpBAarPER yPOAG: fy%r BFefi 6ﬁ Yt erm Sh
is useds The,yakyesoQt nkheonHaR$SAsSRhURI bbby i PAEATE e&ﬁehﬁxﬁsgﬁen exam ned

for many solvents and rfesins, and stated, for exanple, in Wsley L.
Ar cher, "InﬂuBMEiaitﬁopaeametbmadbﬁehsenRéQasdlnglhnkyupesaﬁétets$olvents,
the Hansen solubility paraneters can cal cul ajed, |n terns of average

solubility paranet ef®®~a®ordPhg4:s) t‘ﬁ%o mi3AchgSP a4

[units: (J/cm’)?]
The range of numerical values for the.polar solvent
10 was determined by Examples and Comparative Examples
(described later). . . |
In the Hansen solubility parameters, solubility
parameters introduced by Hildebrand are divided into three
‘components, i.e. a dispersion term &d, a polarity term Odp,
15 and a hydrogen bond term &h, and expressed in a three-
dimensional space. The dispersion term 8d shows the effect
of non-polar interacfion. The polarity term &p shows the
effect of inter-dipole force. The hydrogen bond term &h
shows the effect of hydrogen bond strength. In practical
20 application, a two-dimensional map of the polarity term 3p
and the hydrogen bond term &h is used. The values of the
Hansen solubility parameters have been examined for many
solvents and resiﬂs, and stated, for example, in Wesley L.
Archer, “Industrial Solvents Handbook”. Regarding mixtures
25 of solvents, the Hansen solubility parameters can be
caiculated in terms of average solubility parameters
according to the mixing ratio.

On a parameter map in which the polarity term &p is -



On a paraneter map in which the polarity termby is -10- plotted along the
absci ssa axi s, and thg:hydrogen bond term bh along tfhe ordi nate axis,

pol ystyrene is at the™~position of 5p=5.8 and 5h=4.3 (See Fig. 1) Polar
solvents falling within a circle center%p at this position and 5 having a
radius of 7.1 exhibit solubility with f&sﬁect to polystyrene. Meanwhile,
publicly-known, easily-volatile -hydrocarbons generally used as bl ow ng
agents for polystyrene resins are |ocated at positions near the origin
(bp=5h=0) on the paraneter map. 10 Accordingly, solvents |ocated at short

distances | {1geiiges iyl aeligedoby Lhes Fansen nol upukbbun PahaTeters can

be said toexhibit a h™ nmut ua ubtlrty w oW ng agents (in
general , easéty-30l &lohe thwy dsodhdboasixidhepo bysoppeant eils nat ethal forned
by m xing 15 together a polystyrene resin and a vol une reducing ageq%ﬂ IS

di pped in PYIbwiony afedesStheand| ded rddligeagidgent) i n Palper .
material diffuses intg the bl pw agent ntil,.an equiljbriumis reached,
Tt he bl i ot ot th boracs oY el9; SOt red Tt il e i Lo pny Thdp " o2¢
expandabl e 20, o) VSt YAeNes r&si . 1 egenss ot | S dis £8L PPN B CRESHEBL Lot he

present invention is characterized in that the volunme reducing agent in
t he conpactmel ystt wrerse . | Medinhided ipvid 1 atllye Kyloowi, n g asgdmt-upitdtiitehe vol une

reduci ng agent in the conpacted nateri al d the bl owi ng_agent reach an 25
equilibriu %érQﬁ%ﬁp%ﬁ%'géﬁ%ﬁﬁ%%%éq%ﬁ r&s giéﬁlﬁ%,aQ?%ﬁsr%%gneration -

treat ment iﬁodlcﬁ;n%{t}z%%ilzggilpg ald o g dhe; %@g&g\gb@gef@gag openetrate into -

t he conpacte - _
origin (6p=0h=0) on the parameter map.

10 Accordingly, solvents located at short distances‘
from the origin defined by the Hanéen solubility
parameters can be said to exhibit a high mutual solubility
with blowing agents (in general, easily-volatile
hydrocarbons) . When‘a compacted material formed by mixing

15 together a polystyrene resin and a volume reducing agent
is dipped in a blowihg agent, the volume reducing agent in
the compacted material diffuses into the blowiﬁg agent
until an equilibriuﬁ is reached, and the blowing agent
penetrates into the compacted material. The expandable

20 polystyrene resin regeneration treatment according to the
present invention is characterized in that the volume
reducing agent in the compacted material is diffused into
the blowing agent until the volume reducing agent in the
compacted material and the blowing agent reach an

25 equilibrium at ordinary room temperature. That is, the
regeneration treatment is characterized by allowing the
blowing agent to penetrate into the compacted material,

which is a mixture of the volume reducing agent and the



which is a mixture of the volume reduci ng. agent and the -11- polystyrene
resin swollen with th_fvolune reduci ng agent, at ordigary room
tenperature. Therefore,” the expandabl e polystyrene resin regeneration
treatment according to the present invent on 5 al so features m ni num
energy |oss and hence allows bl ow ng agéent™ penetration equi pnent to be
mnimzed in scale. Wen a polar solvent exhibiting a high nutua
solubility with the blowing agent is used as a vol une reducing agent., the
rate at which the volunme reducing agent in the conpacted 10 materi al

diffuses | nbg)yhe bLow g agent, s I ghcnCRnsequenkLy c e GaTRARLAC

mat eri al Io%%sy tVOFum Ci ng agen rapi €COITe ‘resin.

In other wetdsrdiRgarperebmateape@btiife. bl owing agent is retarded, so that
an extrenely long tine is required for the 15 expandabl e polystyrene resin
regeneration treaThenefOperfbhﬁedxaandﬁbﬂﬁapylyébmreEﬁpeea@Dre Fromt he

practi cal oi nt of view the ex andabl ol ystyrene resi regeneration
shoul d prefg?%%P9rBElearFF§6 B&et ﬁcgﬁEﬁ g &B ¥EﬁaPr?ﬁ@ngoFB nFéHGC|ng.

agent i@ the 8”Pegkﬁgegomgﬁaﬁuna_lenggagu%lsg Qh&f Héﬁée' mo&eeb%e%ag
agent in a ort peri o tine, an  owm ng agent 1s-allowed
penetrate im@@nthpenesrat$mnlbqnipmehtthe belmmnlmedadlmg sagént Uyhen

di ppi ng.. The term "vol une .reduci ng agent” as ‘used in the 25 Eresent
i nvention neaPRlas FolVens. cChiRifARTer BoPDLIPIEGL patBRel&FYmHBLthn whi ch

the polari t%hé%f&x?i’n!ﬁa&éﬁkt ¢d ,8kangst heyabafLbssaqaking 38dnthecfudrogen

bond termb
rate at which the volume reducing agent in the compacted

10 material diffuses into the blowing agent is high.
Consequently, the compacted material loses the volume
reducing agent rapidly to become a solid resin. In other
words, the penetration of the blowing agent is retarded,
so that an extremely long time is required for the

15 expandable polystyrene resin regeneration treatment

~ performed at ordinary room temperature. From the practical
point of view, the expandable polystyrene resin
regeneration should preferably be carried out in such a
way that the volume reducing agent in the compacted

20 material gradually diffusee into the blowing agent in a-
short period of fime, and the blowing agent is .allowed to
penetrate into the resin swollen with the Volume.reducing
agent by dipping.

The term “volume reducing agent” as used in the

25 . present invention means as follows. On a Hansen solubility
parameter map in which the polarity term dp is plotted'
along the abscissa axis, and the hydrogen bond term 6H

along the ordinate axis, polystyrene is at the poeition of



along the ordinate axis, polystyrene is at the position of -12- 6p=5.8 and
6h=4.3 (see Fig. 1) .{Polar solvents falling wthin@scircle centered at
this position and haviig a radius of 7.1 exhibit solUbility with respect
to polystyrene (i.e. within the region Ain Fig. 1) Specific 5 exanpl es of
pol ar solvents satisfying these condi tid®s and hencé usable as the vol une
reduci ng agent in the present invention are ketones, esters, polyhydric

al cohol ether acetates, ethers, hal ogenated hydrocarbons, nitro conpounds,
and am nes. At |east one selected fromthe 10 group consisting of such

sol vents in.whic olystyrene rgsin jsr ily saoluble i sable as a
vol une redlzbcrlwr}ég'Qaag%@t%l){"é%t%efsﬁ?oﬁﬁgbrigs ?oﬁ;ﬁg&o&v%%\%lﬁ%q phati c
hydrocar bongitiein). a P& pkfé Neen @b Ed Naneh AS ot yd £ Sn hysls 02y PRYSa and
aromati c conmpounds 15 that are carbocyelic conpounds having a benzene

nucl eus, e.xpdibenzehe]. 1 odxizheit asoll iyl biey whninatedpeaseto al one  (singly)
as a volune reduci ng agent in the present Jinventjon. Such aliphatic

hydr ocar boRCLtf it | &+ © cdfboiHist e ereg i ahdh 110 B @nckk- f GiHd %ri gi n

def i nedc20 : i1, ce exhibit a _high
mut ual gol u‘%ﬁrﬁ% W 1 %E%%%%%ﬁgﬁgﬁéiﬁiﬁ%e%ﬁ %éhglﬁ%%a?rb%n) .
Accor di ngl yheride amyaisife tdhesthe carpamndsediayimg gdighi mMuthal psadarbi ity is
used as a volune reducing agent, the volune reducing agent in the 25
conpact ed ratvEtEoNiFFuFEtIRD t4t Bowinry Woehtlatakcon hrethae.

gg?gﬂ;e?gl%%ac%aﬁgesgogggﬁ:et sd, quagleg&e%{aéeodg%syc}r%ecar C)olnusrtelnrietdruo(:i ng_ agent
compounds, and amines. At least one selected from the
10 group consisting of such soivents in which a bolystyrene
peSin is readily soluble is usable as a volume reducing
agent, either alone or as a mixture.
However, aliphatic hydrocafbons, e.g. paraffin,
olefin and acetylenic hydrocarbons, and aromatic compounds
15 that are carbocyclic compounds having a benzehe nucleus,
€.g. benzene, toluene, and xylene, cannot be used alone
(singly) as a volume reducing agent in the present
invention. Such alipﬁatic hydrocarbons and afomatic
compounds are at short'distancés from the origin defined
20 Dby the Hansen solubility parameters and hence exhibit a
high mutual solubility with the blowing agent (easily-
volatile hydrbcarbon). Accordingly, if any of these
compounds having a high mutual solubility is used as a
volume reducing agent, the volume reducing agent in the
25 . compacted material diffuses into the blowing agent at a
high rate. Consequéntly, the‘compacted material ioses the

volume redﬁcing agent rapidly to become a solid -

polystyrene resin.



pol ystyrene resin. -13- Therefore, solvents that are within 6.8 fromthe
origin on.the Hansen gotubility paraneter map are excf.ided fromthe group
of solvents usabl e as“the volune reducing agent in thé present invention
(i.e. those within the 5 region Bin Fig., 1) Further, alcohols and

pol yhydric alcohol's fall within the régiGn C on the Hansen solubility
‘paranmeter map (see Fig. 1) and cannot. be used alone as a vol une reducing
agent. Thus, solvents falling within the region A on-the Hansen solubility
paranmeter. map are usable 10 alone in the present invention. If a m xed

ol vent. s used.op SALNSALS 0144l WHAY RIS, 1010 & AT On the

Hansen sol ubility paranmeter mp s e m xed together as ows.
Sol vent s f adiqin ven hilte tHens@yi osbulfl bty Brardamsipecthael yre agecided
together to prepare a m xed_ 15 solvent. Solvents falling within the regions

A and C, rlgsPecihs dasouref akerbyaialle apridpare Hime xeedusigent .

Sol vents f | W thi e i d C . r ectivel re m xed

t oget her t?dpérr{;%al\rlﬂe %légc#n%%ss%”%l ow%rg}%lggla'se a Cfﬁ_/ee_rwltf%%rfi eyvi thin the
region A 2egarsliing mof UNE I edugitha ragentened®Phnd pY1HYHAH tions
prepared by m xing together solvents as stated above, polar. solvents
~falling wthHigphdies dlsoMe-withdigs diiehetkgiiarc|® dravibg Hanssh usolnfb 7L it exhi bi t

Fo 1) VBRI FER | (7o e ol oWy ORI deS P thet al one
or as a m e frddiR iy Wit . Nrhhgbesgenente- #5650 ALORSRAAC the
acet ophenone, 1,2 -

region A on the Hansen solubility parameter. map are usable

10 alone in the present invention. If a mixed solvent is used,
solvents falling within the regions A, B and C on the
Hansen solubility parameter map should be mixed together
as follows. Solvents falling within the regions A and B,
respectively; are mixed together to prepare a mixed .

15 solvent. Solvents falling within the regions A and C,

" respectively, are mixed together to prepare a mixed
solvent. Solvents falling within the regions B and C,
respectively, are mixed together to prepare a composition
serving as a solvent falling within the region A.

20 Regarding volume reducihg agents comprising
compositions prepared by mixing tbgether solvents as
stated above, polar solvents falling within the above-
described circle having a radius of 7.1 exhibit solubility
with respect to polystyrene (i.e. within the region A in

25 Fig. 1). More specifically, the following solvents are
used either alone or as a mixture of two or more:

Nitrobenzene, o-dichlorobenzene, acetophenone, 1,2-

dichloroethane, tetrachloroethylene, 1,1-dichloroethylene,



di chl oroet hane, tetrach| oroethylene, 1,1-dichloroethylene, -14

1, 1- di chol or oet hane, @uiinoline, pyridine, ethyl cinnaffate, nethylene

chl oride, 1,4-dioxane, "aniline, norpholine, N nethyl norpholine,

N et hyl nor phol i ne, cycl ohexanone, 1,1, 2,2-tetrachl oroethane, diethyl
carbonate, dinethyl 5 phthalate, diethy™%nhthal ate, dibutyl phthal ate,

di octyl -phthal ate, anisole, benzonitrile, 1-nitropropane, propylene

gl ycol phenyl ether, propylene glycol hexyl ether, dipropylene glycol
butyl ether, dipropylene glycol hexyl ether, triethylene glycol dinethyl
ether, 10 tyiethylen I | ethyl .ether, triethylene ol,. |, _ether,
triethylene{gfy%%$h%f%g9ggg?ﬂ8r,XB%HQFéﬂs’gPyﬁbgyn%éxﬁgﬁégh%%gﬂéﬁgFﬁylene
gl ycol di mefdwilyeLher-ndbel Q! enes-gh¥eohebubyl1ehbermobyhyl eng, ghycol
butyl ether, cycl ohexylam ne, efhylene gl ycol ethy1 et her acetate, 15

et hyl ene glyetdtylndybhet hee, aNetahglmprppyl éne, gtycbbhexanbdyé, et her

acetate, diethylene glycol_ butyl ether  acetate, dipropylene glycol met hyl
ether acet atel/2+2trakiarbiaraftharaet AVPtRyt crasbeRa b net etV it ar at e,

di mret hyk adi i et (o L SOP et hyl
' acetate% pﬁ%ﬁ@ﬁggigéht£¥éF§g%r%%§*§%%E§étg?gggg%y _é@%%%f%ja§§%g3§§|
acetate, ampHtleckied e, anbsdyé, benaoyitkelenel-methyprepdmyé, ket one, .

di et hyl ketone, nethyl propyl ketone, nethyl isobutyl ketone, and nethyl
hexyl ket orEoPsl ane Ghyipattelendst etekpanteePpbeyet ¥ ¥eel rk8x¥lhas been

sl on B 415 SALYLI0) 86118 CL1 6 2! U0Rer! 00, PORE! 1081
_ . hexyl ether, triethylene glycol dimethyl ether,

10 friethylene glycol ethyl ether, triethylene glyccl butyl
ether, triethylene glycol'propyl ether, ethylene glycol
hexyl ether, diethylene glycol dimethyl ether, diethylene
giycol butyl ether, butylene glycol butyl ether,
cyclohexylamine, ethylene glycol ethyl ether acetate,

15 ethYlene glycol butyl ether acetate, propylene glycol
methyl ether acetate,'diethylene glycol butyl ether
acetate, dipropylene glycol methyl ether aCetate,
tetrahydrofuran, dimethyl succinate, dimethyl glutarate,
dimethyl adipate, diéthyl succinate, isophorone, methyl

20 acetate, ethyl acetate, propyl acetate, isopropyl acetate,
‘butyl acetate, isobutyl acetate, amyl acetate, methyl
isoamyl ketone, methyl ethyl ketone, diethyl ketone,
methyl propyl ketone, methyl isobutyl ketone, and methyl
hexyl ketone. |

25 The compacted waste expanded polystyrene resin has
been swollen by the dissolving action of the volume
,reducing agent. The compacted material is dipped in the

blowing agent. The volume reducing agent in the compacted



‘bl owi ng agent. The vol une reducing agent in the conpacted -15- material is
extracted into the bl g@ing agent. In other words, thg:volune reducing
‘agent in the conpacted material diffuses into the bl owi ng agent until an
equilibriumis reached, and the bloqug agent. penetrates into the 5
conpacted material. Accordingly, the po §§tyrene resin can be inpregnated
with the blowing agent at the sane tinme as the volune reducing agent is
extracted fromthe conpacted material. The term "blow ng agent" as used in
the present 10 invention nmeans an easily-volatile hydrocarbon. . Butane,

bent ane, NeaNe.; of ¢ o A | SOMRLS Lleranl ey, Bty Usedhy e Uhelolgne or as a

m xture of Two or nore. wever, ut ane, i'S gas under ordinary

t enper at ur gy, PSSk BukO Nl du @Sy dFeriSeth ashd dbfvhdge@driteridl needs
15 to be handled in a liquid state under a pressure not lower than 0.11

MPa (gauge drfefasigs)intierchdd towiagergent enperlatan eeqei P0G iMheiref ore, a
sinpl e pressure vessel f Q.5 MPa (gauge. pressure) or_below is used.
Ator the oA T diie b TRl i SRS T Ak S iheod wi ¢ b t he

bl owi ngs ag@Hmpddtrdd domed to stand, thereby separating the solid nmatter
fromthe m xeéj liquid consisting essentially of the volune reduci ng agent

and the bl ow ngPagertdinbie,r ¢ palystykechd ircpusich icarséparated by a
distillation %peration to recover. the vol une reduci ng 25 agent and the

bl owi ng agefPHBIFAk &L thdhomaetdy ariTdrisll Prepawal byne s the
above- descrjifiedh TEINRLL 1, %geﬂ@%@%&%@@%&%ﬂé'é&nﬁ%é@' ystyrene

resin swol |l en

material. The term “blowing agent” as used in the present

10 invention means an easily-volatile hydrocarbon. Butane,
pentane, héxané,'etc. and isomers thereof may be used
either alone or as a mixture of two or more. However, when
butane, which is gaslunder ordinary temperatufe and
pressure conditions, is used as a'blowing agent, it needs

15 to be handled in a liquid stéte under a pressure not lower
than 0.11 MPa (gauge pressure) when the treatment
temperature is 20°C. Therefore, a simple pressure vessel
of 0.5 MPa (gauge. pressure) or below is used.

After the cdmpaéted material has been dipped in or

20 kneaded with the blowing agent, it is allowed to stand,
thereby separating the solid matter from the mixed liquid
consisting essentially of the volume reducing agent and
_the blowing agent. The remaining mixed liquid is separated
by a distillation operation to recover the volume reducing

25 agent and the blowing agent for reuse. The compacted
material prepared by the abové—described method is a

viscous substance comprising the polystyrene resin swollen

and dissolved in the volume reducing agent. It is .



and dissolved in the volunme reducing agent. It is ~C ~ -16- necessary to
obtain, fromthis subéfance, regenerated expandable o1ystyrene resin
particles with a dianmeter of 0.5 to 1.5 mmgenerally used in the expanded
bead foam ng process. Because the conpacted material is a viscous 5
substance, it is necessary to formregenerated expandable polystyrene
resin particles with the above-described particle dianeter while
preventing the polystyrene resin particles from adhering (fusing)
together. One nethod available for this purpose is as follows. 10 The

compact ed g ert gl SceXbhudetl, i frbethtmahsfanbel NegBhet 208l

tenperature, and t s I's non- adhesi ve ubstrate of polyethylene
fIuorocarb0@xpgﬁdmbl@rpbhystykene fbslﬁtpaﬁgisha@edltnoapamamdtaateflaI
hel d on the substrate is dipped_in the above-described bl owi ng agent 15 at
a tenperat P €5 a0 | baBtmpogeneat lyhafeghénsbhe epxpgnded peadt g@éméflgt he

| yst ferably, ture of 10 to 40C, thereb
per ! or M g RHE S | RATBIE Feh NS SRIGT R mgeni® AR ape

i npregnat i afukEdndéde D ovk nHe8888hry THET £8fh efegézh@rzﬁeét &xpangspped,
conpacted material is cut into particles wth a desired shape. (Second

met hod of QMDUﬂEtM@EM@gEﬂelatBdrEprﬁﬂa%iéh b@¢y€bQV@ﬂ@e$©Elhe@artlCIeS) A
second net hod of ucing re en rated ex andagg % rene.resin:
c

particles R %PT% Chredint pf%@%% 1% Y% ?9 dr?ﬁl?hat a
waste. foamRfticles from adhering (fusing) together.

One method available for this purpose is as follows.
10 The compacted material is extruded in the form of a string
‘at room temperature, and this is held on a non—édhesive
substrate of polyethylene, fluorocarbon resin, or the like.
Thé string—shaped, compacted material held on the
substrate is dipped in the above-described blowing agent
15 .at a temperature at least 20°C lower than the softening
temperature of the polystyrene resin, preferably at a mild
température of 10 to 40°C> thereby performing the
extraction of the volume reducing agent and'the
impregnation with the blowing agent. Thereafter, the
20 string-shaped, compacted material is cut into particles
with a desired shape.
(Second method of producing regenerated expandable
polystyrene resin particlés)
A second method df producing regenerated expandable
_25 polystyrene resin particles according to the present
invention is characteriied in that a waste foamed
polystyrene resin material made of an expanded leYStyrene

resin is dissolved in a volume reducing agent having



polystyrene resin material nade of an expanded polystyrene resinis

di ssolved in a volunefiedUC|ng agent having -17- solupidity with respect to
t he foamed pol ystyreneresin mnaterial and exhibiting a nmutual solubility
w th ablowing agent to be used, thereby iornlng a.conpacted material, and
t he conpacted material and an extracti ont ol vent for 5 extracting the

vol une reduci ng agent are .di spersed and kneaded wth each other to extract
t he vol une reducing agent, thereby forming a solid material. Then, the
solid material is formed into.a particulate material consisting of

parti cl es 6‘%9191:99?9 ttﬂer%' c@gt%ggﬂte 85¥1§6p§8§¥99y nteh‘%e@i yStyre”e

“resin at ordrnary ro enpera ure e Vo

reduci ng agﬁatersaiuahheéxhlaxtﬁ@@t@dmh@uaegeaeuaﬁe1tbew@tnaadbdow1n
pol ystyrene resin. The second nmethod of producing regenerated expandable
pol yst yreneagestntpabei vbed, atbergbygfoomihg alsoppasead matentddn is

-substantially . the sane. as the above to the step,of dissolvyi a waste
oxpandod pofdat bienEompacERtl RasersrhnB o8l PRGAEAPR SOLBPRS EBmpaat 4

mat eri als, T@QFEQEPﬁﬁ&eéhga%Sihﬁb r@HhEQnEOaQeMtSSQHSdl§HQ§E@BCSnda”d an

extraction solvent are kneaded together in a stirring machine to mx

- toget her thenextiedcwidh eaochvetheantlot betcanpathedvohtrei abdunihgrm y. As
the result of kneading together the conpacted material and the extraction
sol vent, th%g%%tunﬁh?éﬂhﬁlg@r§égﬁtalﬁoﬁﬁg mgbRphet ed ThRRRritdhe G59¥iBes into

t he ex”“%é’?e??é}’e% £3 BQés‘igtEhHSg?h??cﬁ{i’égé‘%{;ﬁgij% gcé‘ﬂgﬁétiﬂ t he

conpacted materital 1S ex racte er wor as e VO une re UCI
of particles and dipped in the blowing agent for expandlng

10 the polystyrene resin at ordinary room temperature, and,
at the same time, the volume reducing agent is further.
extracted to regenerate the expanded polystyrene resin.

The second method of producing regenerated
expandable pdlysty;ene resin particles according to the

15 pfesent invention is substantially the same as the above
up to the step of dissolving a waste expanded polystyrene
resin in a volume reducing ageﬁt to form a compacted
material. The compacted material, which is a viscous
éubstance, ahd an eXtraction solvent are kneaded together

-+ 20 in a stirring machine to mix together the extraction
solvent and the compacted material uniformly. As the
result of kneading-together the compacted material and the
exXtraction solvent, the volume reducing agent in the
compacted'méterial diffuses into the extraction solvent

25. phase. Thus, the volume reducing agent in the CompaCted
material is extracted. In other words, the volume reducing 
agent in the expanded'polystyréne resin is extracted to

reduce the content of the volume reducing agent.



)0l ystyrene resin is extracted to reduce the content
of the volunme reduci ng:agent. -18- The process of kne@d}ng together the
conpacted material and-the extraction solvent is carried out as a
pretreatnment for inpregnation of the blowng agent into the conpacted
material. The conpacted material is stifred, 5 together with the extraction
sol vent, in a honogenizer or the like to effect dispersion. Aternatively,
the . conpacted material and the extraction solvent are kneaded together
at roomtenperature by using a mxer or the like. Thereafter, the m xture
is allowed to sta d ial '
Accordingly, it igﬂepgggF%FE #% %gr gﬁh@ét??%??ﬁgngh%o%%ﬁﬁ%qﬂgg ng the
content of mhiervalumed edtecicid rageionand Iveht’ edudaty itdie cadhesi en of the
conpacted material due to the viscosity thereof. As the extraction solvent
used in thepperéreaimenit forl mpregnatdosi e the bdewing saeddt datior om

easily-volatjile hydrocarbons usable_as blow n gents, .and, al cohol s .and
b6l yhydr f o SPEORBRESERFoRAeg L2 -owr B0l GBRPREPeRi PRECF bahete EoiEREd
pol ystyrgnetpgaiRer ThE tHOWRRC &S riRiabnalso 1va%E , Ohhalan@dmoainGh.drS o sol i d
material, is éxtruded at 20 roomtenperature by using an extruder and cut

into partitheslike theeddectddieplkeadion.t htlpersaehivehyenthen, the -shaped
conpacted material is dipped_in the blowing agent at a tenperature at

| east 20C | S%Paf:!"iﬁﬁ‘ PRéesdle ARty ths ?éﬁﬁ%F&ﬂGPe SGf VeRd 66Iey§f’fha€1ﬁél resin,
preferably @Bg@tﬂ%kdatt%ggﬁrﬁkﬁﬁgrgkuig 59 ﬁggngtgekggﬁrp%EthglﬂQkEhe

Thereafter, the mixture is allowed to stand, and the

agent in the expanded

10 compacted material is taken out. Accordingly, it is
possible to perform a treatment for minimizing the content
of the volume reducihg agent and for reducing the adhesion
of the compacted material due to the viscésity thereof.

As the extraction solvent used in the pretreatment,

15 it is possible to use one selected from easily-volatile
‘hydrocarbons usable as blowing agents, and alcohols and
polyhydric'alcohols exhibiting a low solubility with
respect to the polystyrene resin. The compacted material
thus-obtained, which is a solid material, is extruded at

20 room temperature by using an extruder and cut into
particles.

In the second ﬁethod of the present invention, the
shaped compacted material is dipped in the biowing'agent
at a temperature at least 20°C lower than the softening

25 temperature of the polystyrene resin, preferably at a mild
temperature of 10 to 40°C, thereby pérforming the
extraction of the volume reducing agent and the .

impregnation with the blowing agent in the same way as in



extraction of the volume reducing agent and the inpregnation with the

bl owi ng agent in the gdme way as in -19- the above-d sGri bed first method
of the present i nvention. As has been detail ed above, an advant age of the
present invention is as follows. A conpacted material obtained by reducing
the vol une of a waste foanmed 5 pol ystyr resin material with a vol une
reduci ng agent is dipped in a blow ng agent to extract the vol une reducing
agent and to performinpregnation with the bl owi ng agent, thereby

pr oduci ng regenerated expandable polystyrene resin particles. Ther ef or e,

t he operatign f recover t d crn a and the
ope;atlog ﬁh? %Bgf ?ﬁﬁXl brd g& n%;éggﬁtqgg fﬁeg l%érngfon'
performed in a SANYLs BBOEESSe 8L EPed ARSOVL] Yad¥ant gLOSBIEHE 1O
sinplify'the process 1in conpa?rsoneto t he conve%tréﬁaﬁgpost-rnpregnatron

met hod 15pmﬁﬁemtsmnwemeBQnenergy fahbower &dvcamtpege eaf ntdtes mireels ent
invention is as, follows. IS unnecessary to carry out heating at a
terrperaturé’lﬂiﬁ“}‘?ﬁ\éryt%%ﬁiru?h%gn*élll?lW@)l““fl%n%r%lt‘ﬂﬁ‘%t%f feamedesin during the

processg éhe(f%%iﬁ'&%@éf?@kqwbﬁﬁe r&é%ﬁﬁ%fﬁéﬁh%fﬁ%” § to heat

hrstory 20 mze eover OW ng agent use t he

vol une r edmmgecﬁgﬁma GSTowEn § epGé Rt et byx Bradht sthd |vd 1 afe Op&ﬂ@ém@ to
recover the volune reducing agent and the blow ng agent for reuse.

Accor di ngl y9atie anfettodoffere meeeqnatwemmh e fbbedm@rﬁgent,
enV|r0nnen%%eré§§ (ﬂl éfﬁb Egééﬁera 'é“ﬁéﬁhéﬁlé'ﬁ%f?é% ¢ resin
partlcles. Therefore, the operation for.recovery of the
10  volume reducing agent and the operation of impregnating
the blowing agent into the resin can be performed in a
single process step.
Accordingly, it is possible to simplify the process
in comparison to the conventiona; post-impregnation method
15 and to save heat'energy. Another advantage of the present:
invention is as follows. It is unneeessary to carry out
heating at a temperature not lower than the melting
temperature of the fesin_during the process. Accordinély,
deterioration of the regenerated resin due to heat history
20 is minimized. "Moreover, the blowing agent used to extract
the volume reducing agent can be separated by a
distillation operation to recover the volume reducing
agent and the blowing agent. for reuse. Accordingly, the

method of the present invention is free from environmental

25 pollution.

Brief Description of the Drawings:

Fig. 1 is a Hansen solubility parameter map in which



by is-plotted al ong tﬁﬁ?abscissa axis, and the hydrogéeh bond term 5h al ong
the ordinate axis. Fig. 2 is a diagram schematically showi ng an enbodi nent
1 of the nethod of producing regenerated o expandabl e polystyrene resin
particles according to the -present invéention. Best Mde for Carrying Qut
the Invention: (Enbodinent 1) 10 Fig. 2 is a diagramschematically show ng
an enbodi nent 1 of the nmethod of producing regenerated  expandabl e

pol ystyrene resin particles according to the present invention. A waste

foamed pol yslyreheaf £6) Nt FRIEHT L ﬂ)ﬁb@fé‘éh&ﬁ@néftH@CEE§é‘i¥saaEQi§Fr ayed
with or 15 introduced into a vol une reduci ng agent, thereby dissolving 100

- parts (phr,ampartise lyydedgét ) bohdt bermash eal foqnelde potgshytenaxigsi n
material in 100 to 200 parts of the volune reduci ng agent. Foreign
subst ances, such.Bkd- rethd PidkrEran sehRnghigmect @SR ERY a2 di ssol ved in
the 20 volu cl a r Y 0 Lltration, or
magnetic a eé%%ﬁ&ﬂg?gh %ﬁgﬁ% §£éﬁ§§?,gfﬁgxm%ﬁgﬁégtg%gﬁ%gg?F% i s shaped
into a stridpdideb IONs Dys By rés niagi Mpsat hite1€s Jac@o Pl imgeto extig uder or a
screw extruder, at roomtenperature,. 25 Prior to the shaping process, the -
vi scosi ty diregrnt compriciieshmaterial is adjusted according to need. It .is
preferable that the volunme reduci ng agent content should be adjusted to be
10 to 150 parts (parts by weight) with - '
' ' Best Mode for Carrying Out the Invention:

Fig. 1 is a Hansen solubility parameter map in which -20- the polarity term
o@eh

(Embodiment -1) _
10 " Fig. 2 is a diagram schematically showing an
embodiment 1 of the method bf producing regenerated
- expandable polystyrene resin ﬁarticles according to the
present invention. A waste foamed polystyrene resin
material is crushed, if necessary, and sprayed with or
15 introduced into a volume reducing agent, thefeby
dissolving 100 parts (phr, parts by weight) of the waste
foamed polystyrene resin material in 100 to 200 parts of
the volume reducing agent. Foreign substances, éuch.as
metal pieces, in the compacted material dissolved in the
20 - volume reducing agent are removed by a method, e.g.
filtration, or magnetic adhesion using magnets. - Next, the
compacted material is shaped into a string-like form by a
- forming machine, e.g. a plunger extruder or a screw
extruder, at room temperature.
25 Prior to the shaping process, the viscosity of the
compacted material is adjusted according to need. It is
preferable that the volume reducing agent content should

be adjuéted to be 10 to 150 parts (parts by weight) with



-21- respect to 100 parts of the foaned polystyrene resin nmaterial by
extracting the volune&reducrng agent or adding the f@aped pol ystyrene
resin material or the volume ' reducing agent. 5 Because it is a viscous
string-shaped substance, the shaped conpacted material is held by being
wound around a non-adhesive plate- or Bar - shaped substrate of

pol yet hyl ene, fluorocarbon resin, etc. The string-shaped, conpacted
material held on the substrate is di pped in an 10 easily-volatile

hydr ocar bon bl owi ng agent, e.g. butane, pentane, or hexane, which is used

as a bl ow nﬂelsg&gl 3 totf@ée]?%regrgw%ngé&n§§tﬁ§f§é9?réﬂg k@R fgnati on

treat nent. pi ng of e conpacted material | owi ng agent is
carried outmateniall nayyexvoacteénpetheureluid rodeving abentbotaaddingich is
gas under ordrnary tenperature and pressure conditions, is used as a

bl owi ng adeif, ?Qm%@eﬂ%lY%tbéeﬁanéﬁeanr%aE¢¥%ﬁhr%rs¥%%eV9%H@? a pressure
not | ower t i%&égauge pressure) when..the treatnent tenperature is
-~ 20C. Therefore 20 pressure vessel of 0.5 MPa (gauge pressure) or

below i s used. Mams@dltlgsu@l @f $esus het 6 pi S g Rl BNt ah Se, SERAT at ed
to recover the volune reducing agent and the blowi ng agent for reuse by
drstrIIeurcﬂhanﬂdeQmEaGEE@|m$Eeen@b in beldiby polmy . wetneenrobath ar by

e otmed O B, e PR bt MBI S B L hd bt ng
pressure t.q:d&%@fﬂffer%‘,l Ye1hSrEOVHEY AYSM, etc. The string-shaped,

compacted material held on the substrate is dipped in an

10 easily-volatile hydrocarbon blowing agent, e.g. butane,
pentane, or hexane, which is used as a blowing agent,
thereby performing an extraction and impregnation
treatment. The dipping of the compacted material in the
blowing agent is carried out at ordinary room temperature.

15 However, when butane, which is gas under ordinary
temperature and preseure conditions, is used as a blowing
agent, it needs'to be handled in a_liquid state under a
pressure not lower than 0.11 MPa (gauge pressure) when the
treatment temperature is 20°C. Therefore, a simple

ZO pressure vessel of 0.5 MPa (gauge pressure) or below is
used.

The mixed liquid after the dipping treatment is
- separated to recover the volume reducing agent and the

blowing agent for reuse by distillation using the

25 difference in boiling point between them or by gas-liquid
separation. 1In gas-liquid separation, the mixed liquid is
introduced into a flash drum kept et a lower pressure than

the dipping pressure to vaporize only the blowing agent,



and recovering the volunme reduycing agent fromthe
m xture. The vaporizeg¢:bl owing agent is recondensed Py cooling under
pressure- for reuse. The& operation of separating and réecovering the vol ume
.educi ng 5 agent and the bl ow ng agent -%rgy be carried out as a treatnent
of the mxed liquid after the dipping tféatnent. Alternatively, the
separating and recovering operation may be perforned continuously during
the dipping treatnent to renew the blow ng agent. Therefore;, the vol une
reduci ng 10 agent and the bl owi ng agent can be recycled w thout being

rel eased i ' Y\ j I f rm ned
period of n%hlcérrrgl& %ﬂ%??%%h%%ed%g%%ﬁ%ct g&%f‘%r]i‘gfe %@%ﬁ?ﬁ%@ a cutting
machi ne, e.ggert siranctitaitettut®. ol valb riegenelaivtge xpaidakilse

pol ystyrene resin particles. It is referable that the bl ow ng agent
content shdfPrserEed b ocgaking (Waies mEeswinthtfoniteisespdde to 100

parts of the l.ystyrene resin. (Enmbodi nent 2) 20 .A waste foanmed

ol yotyr endHRaR AT 15001 20 CA R T Hioyuand 3 "B PR e o

i ntrodused dqgid &P HHE b IS EyAdeHay therer dsltvidg 4 he waste
foamed polystyrene resin material” in the volunme reducing agent to forma
conpact ed rateartiment df tithd miskesd elpl quive afibeodithentdiZpihg scndwtmsante. as t he

enbodi nent _1. The enbodinment 2 is distinguished by having the step of
di sper si ngPat@T NGt A NG et IR T He b AIKE tIEF WM A ICRHTR ErP et 3 ct ion

solvent f o, xfel:ariy thh L1QUBTR 1P A MY 498Nt B iheS WSRatment to

renew the blowing agent. Therefore, the volume reducing

-22- thereby separatin

10 agent aﬁd the blowing agent can be recycled without being

released into the environment.’
After being dipped for a predetermined period of

time, the string-shaped, compacted material is cut by a
cutting machine, e.g. a strand cutter, to obrain

15 regenerated expandable polystyrene resin particles. It is
preferable that the blowing agent content should be 6 to
10 parts (parts by weight) with respect to 100 parts of
the polystyrene resin.
(Embodiment 2) _

20 A waste foamed polystyrene resin material is crushed,
if necessary, and sprayed withlor introduced into a volume
reducing agent, thereby dissolving the waste foamed
polystyrene resin material in the volume reducing agent to
form a compacted material. Up to this step, the embodiment

25 2 is the same as the embodiment 1. The embodiment 2 is
distinguished by having the step of dispersing and
kneading together the compacted material and an extraction

solvent for extracting the volume_reducing agent as a step



- 23- subsequent to the above-described step. As the extraction solvent, it

i's possible to use oné: sel ected from easil y-vol ati | e(Ziydr ocarbons usabl e
as bl-owi ng agents, and al cohol s and pol yhydric al cohol's 5 exhibiting a | ow
solubility with respect to the polystyrene resin. Thus, the conpacted
material is reduced in the volume redu@3tg agent content to forma solid
material.. The solid nmaterial is forned into a particulate naterial
consisting of particles with a dianeter of 0.5 to 10 1.5 mmby a form ng
machi ne. A preferable volune reducing agent content in the particulate

material is 10 to 100 arts (parts by weight) with respect to 100 parts of
the .polystYRerdueRti g Hihe %Q?Y?Eﬁ?%fﬁlﬂg e%F%P'is di pped in a blow ng.15

agent for expandi{g {ie &l ySiyIEnes BedAk foft ?‘Pso%o%@iﬁi)? 48 hour s, At

ordinary roomtenperature, ‘and, at the sane tine, the volune reducing

agent is fwdlherteXtfrat eshd Dl y+egeae! bé eh pdr expetciad| esgol ¢ séyrene resin
It is preferable that the bl ow ng agent content should be 6 to 20 10 parts

(parts by wiymng ieentesprd 2bcalml pand RRLYRYRC ol §5¢9heh® resin. The'
i xed | kqui d ,af.ter. the dj ppi to dinth
cane vy 2B AL P gL BT SO 0 M et g operati on

can al so bggefdofr@atk 1 sienewniis Q!h‘éwd&%f%%@d et} add it e HuRRIdNg
treatment as in the case of the enbodinment 1. (Exanples) The present
i nvention vid |thee wWelsore bextlbei oy dyemaycomferexanpl Bsrm a solid
| material. The solid material is formed into a particulate'
material consisting of particles with a diameter of 0.5 to
10 1.5 mm by a forming machine. A preferable volume reducing
agent content in the particulate material is 10 to 100
parts (parts by weight) with respect to 100 parts.of the
.polystyrene resin.
The particulate material is dipped in a blowing
15 agent for expandinglthe polystyrene resin for about 12 to
48 hours at ordinary room temperature, and, at the same
time, the volume reducing agent is further extracted to
regenerate an expandable polystyrene resin.’ It is
preferable that the blowing agent content should be 6 to
20 10 parts (parts by weight) with respect to 100 parts of
the polystyrene resin. The mixed liduid after the dipping
treatment is recovered and reused in the same way as in
the embodiment 1. The separating and recovering operation
can also be performed to renew the blowing agent during
25 the dipping treatment as in the case of the embodiment 1.
(Examples) ' |
The present invention will be described below by way

of examples.



-24- [Exanples 1 to 8 and Conparative Exanples 1 to 4]_7 g of bead expanded
pol ystyrene with an expgansion ratio of 40 was cut in{®@ a square colum 10
mmx 10 nmx 50 nmmin si.ze. This was introduced into 10 g of each .5

vol une reduci ng agent shown in Table 1 bglow and dissolved therein at room
tenperature to forma conpacted material.” The conpacted material was
extruded in the formof a string with a dianeter of 2 mm by a plunger
extruder. The string-shaped conpacted material was spirally wound around
10 a lowdensity polyethylene tube with an outer dianeter.of 5 nmm and

di pped |10 o 0- NeXANG: o A G DOLE 5. AL Bl ADSEL, .4 Ny LT Ng- Shaped

conpacted naterial was renoved from the tubean urther dipped in the

n-hexane for 16 how Atbeddli e@sayndedmpdbyst freampenattit ear( adsqpin20463) . Then,
t he string-shaped conpacted material was taken out of the n-hexane and- cut

into partidladsla vt 4fbrvas omit | nkd ze. s@are aehleumexifarmdabt el ¢ g rx

particles e | owed S d.far ur.s,, a.f.oam test was
carried ou?&ﬁﬁabgﬂ}?%ﬁﬂahtgﬁl oﬁﬁgﬁ)%ﬁﬁ%ﬁaﬁé§% fégpelf ?ﬂ%&ge@ﬁglproperties
of the somaghek rebhRfind Sagdek teowesit ttale thesd 108 415 tessspeyd@r med
on the expandable resin particles. It should be noted that the vol une
reducti on tthereiwasa tireasan etergse f ot bomsto Adwad exqparwstedotattyiaehe. 25

nol ded material with an expansjon ratio of 50 was cut into a cube 10 by 10

mm squar e O SIEFRAE e Rt st S S udsH Pdudds SRS Fo @ of each
vol une reduging A9Rh W hnd e A & Tub§lyPW 11t dd AW hRImer atpye of

20C, and sunk _
string-shaped compacted material was spirally wound around
10 a low-density polyethylene tube with an outer diameter of
5 mm and dipped in 10 ml of n-hexane.

After 4 hours had elapsed, the string-shaped
compacted material was removed from the tube  and further
dipped in the n-hexane for 16.hours at ordinary room

15 - temperature (about 20°C). Then; the string-shaped
'compacted material was taken out of the n-hexane and cut
into particles thaf were 1 mﬁ in size. After the
expandable resin particles had been allowed to stand for 6
hours,; a foaming test was carried out in boiling water for

20 1 minute. Table 1 shows the properties of the compaéted'
materials and the results of ﬁhe foaming test performed on
the expandable resin particles.

It shouid be noted that the volume reduction time
was measured_as follows. A bead expanded polystYrene

25 molded material with an expansion ratio of 50 was cut into
a cube 10 by 10 mm square to prepare a specimen. This was
introduced into 50 g of each volume reducing agent shown

in Table 1 below at a liquid temperature of 20°C, and sunk



-25- inthe liquid with a glass rod to nmeasure the tine required for the
speci nen to break dowg:and to di sperse or dissolve if.fhe volune reducing
agent. It was possible’to deduce the follow ng numerical values fromthe
anal ysis of 5 these exanples and conparative exanples. That is, solvents
used in the present invention are t hoseArhose hydrogen bond term bh and
polarity termby of the Hansen solubility paraneters satisfy the follow ng
conditions: 8) 2+ (bh-4.3) 2<50 and 5p2+6h2>4 6 10 [units: (J/cnB)1/2]

Sol vents satisfying the above conditions in the present invention were
determ ned as follows., The, value "46" was deduced fromthe, experinental

resul ts regdt ditfy HHEHEDVYERR 31 913FS ntddnk? HjFasiherthe sttt at e

(abbrevi at o o) ) 1 + = .~dhis is
he sl | ee TR abh} T vl e o T et o Sol venrs ihdofe Ge-2oval s
reduci ng agbirgsalve exanphesvalunderpiesiony agerent i dre. warsopddse bdbepdrd nment al
results, the condition of 5p2+6h2>46 was  set_in the present 20 invention.

That is, or%%ey et SXRRA HIISASESAred LY anst At e hR et ¥S i (i an
eXpans! on 14 Ot et Obha A LER AXDAUSLAN ST Bl TRV LS fco

Therefore, this is as a region A Ancther’ condition, T e
(6p- 5. 8) 2+(HHedt. i%) 240D, pr@sen 25 rswdn isor O 1edWeh o SHTONHD SO | it Sg gt ovi di ng
good volume reduction conditions, |inmnene in Conparative Exanple 2

exhi bi t ed tead dragastdl] (B RE)RH(1Bh-E13) Jp il uhg FRsjen il idtwent s
Lnferior i%é@%ﬁé e£§K§§¥£§¥yr%ﬁg(¥8T¥g%?ng'conditions:
. (8p-5.8)%+ (5h-4.3)?<50 and &p?+8h?>46
10 | [units:” (J/cm’®) V2]
Solvents satisfying the above conditions in the
present invention were determined as follows.
The value “46” was deduced from the experimental
results regarding dipropylene glycol monomethyl ether
15 acétate (abbreviated as “DPMA”) in Example 7. Regarding
DPMA, 6p2+6h4=46;6. This is the smallest (3p?+3h’) value of
those of solvents usable as a volume reducing agent in
examples of the present invention. From the experimental
results, the condition of &p®+5h?>46 was set in the present
20 invention. That is, ordinary bead expanded polystyrene
foams aré products with an expénsion ratio of 5 to 100,
and the expansion ratio of DPMA is 5. Therefore, this is
defined as a region A.
Another condition, i.e. (53p-5.8)%+ (5h-4.3)2%<50, was
25 set as follows. Among solvents providing good volume
reduction conditions, limonene in Comparative Ekample.Z
exhibited the.largest [ (6p-5.8)% (8h-4.3)%] value (45.5).

Among solvents inferior in volume reduction performance,



- 26- d| propyl ene gI ycol nononet hyl ether (abbreviated "DPM') in
Conpar ati ve Exanple 4{ exhlblted the smallest [(6p- 4. 2+(5h-2.1)2] val ue
(55.1). An internediaté value between the two values was defined as a
boundary value 5 "50". [Exanple 9] To %i%corrpact ed material prepared in
the sane way as in Exanple 8, n-hexane “Was added in an anmount half of the -
anmount of the conpacted material. The m xture was kneaded 10 for 1 m nute
at roomtenperature (about 20C) in a mxer.. The sanme operation was _
repeated twice with the liquid portion renewed. The conpacted materi al
changed from a n e t,.an 1%
adheglon &Rﬁgggl%%é §§2§§§t%858m§2 #f ggg%§ex %%g§29g£8?hgsfoﬂPM Z of a

string by aLrpI@m%rsmwdEkampdecmt ekhipipedt tikéesmawiébraldspreter of 1
nm by a strand cutter. gereafter the particulate. material was dipped in

n-pent ane. 4h® “+didPpiznd ){ 1 exehEAL ( waslper A r@etermedzm%u&raslts@ room

t enper at ur Then fo st was a ried out.

substantia%r§ §%ﬁ%r€§%.€%%pgﬁ%ﬁﬁfew?%s REDATTi 3F 3 bﬁf?%a5¥ %§g3ﬁ5|on ratio
of 49 were ody-aj ned. -2 7- Table 1 d assi - VoI ume reduci ng agentss Vol une .
Vol ume Appear ance Expansion fica- (solubility paranmeters reduction
reduction ofExample 2J on 5p, oh) condition tine conpacted material Ex. 1

acet one (10. 4, 7.92 good 2 sec, -transparent 7
To a compacted mater al prepared in the same way as

in Example 8, n-hexane was added in an amount half of the
amount of the compacted material. The mixture was kneaded
10 for 1 minute at room temperature (about 20°C) in a mixer.
The same operation was fepeated twice with the liquid
portion renewed. The compacted material changed from being
transparent to white and semitransparent, aﬁd its adhesion
reduced. The compacted material-was extruded in the form
15 of a string by a plunger extruder and cut into particles
with a diameter of 1 mm by a strand cutter. Thereafter,
the particulate material was dipped in n-pentane. The
dipping treatment was performed for 20 hours at room
temperature. Then, a foaming test was carried out. As a
20 result, substantially spherical expandable resin partlcles

with an expansion ratio of 49 were obtalned



two layers Ex. 2 tetrahydrofuran good 8 sec. transpare t 7 (5.7, 8.0

uni form Ex. 3 ethyl adetate good 5sec. transparent .10:" (5.3, 7. 2) uni f or m
Ex. 4 propyl ene glycol ‘good 14 sec. transparent 17 nonomethyl ether

uni form acetate (6.1, 6.6) Ex. 5 ethylene gl ycol good 11 sec. transparent
18 nonoet hyl et her acetate unlforn1(4f? ~10.6) Ex. 6 ethylene glycol
nono-n- good 17 sec. transparent 16 butyl ether acetate uniform (6.1,

10.0) Ex. 7 dipropylene glycol good 70 sec. transparent 5 nonomethyl ether
uni formacetate (5.3, 4.3) Ex: 8 adipic, glutaric and good 50 sec.
transparent 47 succinic acid dlnethy% ?lffrntester conposition (4.7,
9.8) Conp. xylene good 8 sec. transpa terls e 1 (1.8, 2.5) uniform
Conp. linmonene good 30 sec. transparent 1.0 Ex. 2 (0.6, 0.0) uniform Conp.

tripropylene glycol slownore than white 1.3 Ex 3 pethyl ether 40 mn
two | a si- | Volume reducing agents: Volume Volume Appearance Expansion
ica- (solubility parameters | reduction | reduction of ratio
tion dp, 6h) ) condition time compacted
: . material
Ex. 1 acetone (10.4, 7.0) good 2 sec. transparent 7
) two layers
Ex. 2 tetrahydrofuran good 8 sec. transparent 7
(5.7, 8.0) uniform
Ex. 3 ethyl acetate : good 5 sec. transparent .12
(5.3, 7.2) uniform
Ex. 4 propylene glycol good 14 sec. transparent 17
monomethyl ether uniform
acetate
(6.1, 6.6)
Ex. 5 ethylene glycol good 11 sec. transparent 18
: monoethyl ether acetate uniform
(4.7, 10.6) .
Ex. 6 ethylene glycol mono-n- good 17 sec. transparent 16
butyl ether acetate uniform
_ (6.1, 10.0)
Ex. 7 dipropylene glycol good 70 sec. transparent 5
monomethyl ether uniform
acetate
(5.3, 4.3) _
Ex. 8 adipic, glutaric and good 50 sec. transparent 47
succinic acid dimethyl uniform
ester composition
(4.7, 9.8)
Comp. Xylene _ good 8 sec. transparent 1.4
Ex. 1 (1.8, 2.5) uniform
Comp. limonene good 30 sec. transparent 1.0
Ex. 2 (0.6, 0.0) uniform )
Comp. tripropylene glycol slow more than white 1.3
Ex. 3 methyl ether 40 min. two layers
(3.5, 11.5) : .
‘Comp . dipropylene glycol slow more than white 3
Ex. 4 monomethyl ether ) 25 min. two layers .
(4.0, 11.5)




(3.5, 11. 5) Conp. di propyl ene gl ycol sl ow nore than mhfte 3 Ex. 4
mononet hyl et her 25 .i; two | ayers (4.0, 11.5) -28- {ndustrial
Applicability: Regenerated expandabl e pol ystyrene resin particles produced
by the present invention are usable as a high- quality material for foaning
cont ai ner packaging materials, 5 e.g. pé%king mat eri al s and cushi oni ng
materials, and so forth. -29- WHAT IS CLAIMED I S: 1. A nethod of producing
regenerated expandable polystyrene resin particles, conprising the steps
of : dissolving a waste foaned pol ystyrene resin nmaterial 5 nade of an

expanded polystgrene resin in a yolume reducing agent having solubility
with respectdd Eﬁiﬂlf%ﬁﬂﬁﬂcaﬁbi§§¥yrene resin naterlal and exhibiting a
mutual , sol ubili I o t , { ng a
-conpacted naterla%gg%%égag%?ngyéggﬁéggﬁﬁ%%g%p€%atgglr eé%f% %ﬁjng

agent for expsadtag bai dh@oﬂayésgﬁenenfzeﬁtnoﬁtaﬁédusabye &80 hegher at ur e,
thereby extracting said volunme reducing agent from said conpacted materi al
and, at theQ%éh%tYlm@ter%ﬁbrégﬁafpﬁﬁlgal@0@5ﬁb%%¥eﬁaﬁﬁéﬁiﬂalmﬁF?ﬁlééﬁd

bl ovi g 15 age. L SURNEL AL &) saldacxpandad, pol XSLYLenes! eaha:

form ng sal% yréne resin régene prede?ernlned
shape. forth.




2. A nethod of producing regenerated expandabl e polystyrene resin
particles, conprising(the steps of: 20 dissolving a waste foamed
pol ystyrene resin material nmade of an expanded polystyrene resin in a

vol une reduci ng agent having solubility'thI1‘respect to said foaned

pol ystyrene resin material and exhibitiﬁb'é mutual solubility with a

bl owi ng agent to be used, thereby 25 form ng a conpacted materi al ;

di spersi ng and kneadi ng together said conpacted naterial and an extraction
solvent for extracting said volunme reducing agent to extract said vol une

reduci ng -30- agent, thereby fogghhdra sphidepaigrial; formng said solid
material into a particul ate naterlaF consi sting of particles; and dipping
said particul ate nmptErmé@théd bhepbbauwtigy beg@esiated expandabyesaid
polystyrene resin at ordinary roomtenperature, and, at the sane tine,
further ex@ehestvigerai segbnuparcéalebngceyenisingregensrapd 8aid expanded
pol ystyrene resin,, 3. met hod of  produci ng regener at ed_expandapl e. 10

pol yst yrene resirgkﬁﬁ?f%+%% 39%6?E$ng°?%e%ﬁ%?ﬁ§it%ﬁe%? r%ﬁg?e?ﬂpiﬁfa}
conpact 6d MUEL i GF AS SkPREJeiNpsadthblonk ngespgent At valteapesahll ggat

| east 20C | ower than a softening tenperature of said pol ystyrene resin,

t hereby pedeorinmgyixyracliibinl btysdithvoespect etdocsayd afeamnednd 15

i npregnation with said bl ow ng agent., 4. A nethod, of produci ng regenerated
expandabl ¢ PUN Y Foher FEL MRLFE] EF cAhdcBOREPHGL 1S CIBRMYAL wher ei n

solubility with a blowing agent to be used, thereby
forming a compacted material;

10 dipping said compacted material in said blowing
agent for expanding said polystyrene resin at ordinary
room temperature, thereby extracting said volume reducing
agent from said compacted material and, at the same time,
impregnating said compacted material with said blowing

15 agent to regenerate said expanded polystyfene resin; and

forming said expanded polystyrene resin regenerated
"into a predetermined shape.

2. A method of producing regenerated expandable
polystyrene resin particles, comprising the steps of:

20 ' dissolving a Waste foamed polystyrene resin material
made of an expanded polystyrene resin in a volume reducing
agent having solubility with respect to said foamed
polystyrehe resin material and exhibiting a mutual
solubiiity with a blowing agent to be used, théreby_

25 forming a compacted material;

dispersing aﬁd kneading togefher'said compacted
material and an extraction solvent for extracting said

volume reducing agent to extract said volume reducing



said blowing agent is at a tenperature of 10 to 40C. 5. A nethod of
produci ng regener at ed(®Xpandabl e 20 pol ystyrene resin{particles according
to one selected from clains 1 to 4, wherein said volune reduci ng agent is
a polar solvent having solubility with _respect to said polystyrene resin
and exhibiting a nmutual solubility wi t i3%ai d bl ow ng agent, said polar
sol vent bei ng one whose 25 hydrogen bond term 5h and polarity term by of
Hansen solubility paraneters satisfy the followi ng conditions: (6p-5.8)
2+ (6h-4.3 ) 2<50 and 0Op2+5h2>4 6 [units: (J/cnB) 112] -31- 6. A nethod of

produci ng r%?%?ﬁ’r a%}ﬁ%rggofagggg£§%pgl ggiy&grggt gféf, particles according to

claim5, wh ven d as said vorune feducing agent is at

I'east one sol ventoseiegtadid romidengf o constSta NG ofi ket opes, 5
esters, polyhydric al cohol ether acetates, ethers, hal ogenated -

hydr ocar boriateltab compbubiieg ahdcanthekes; 7and\ met hod of produci ng
regener at ed expangabl e polﬁit rene resin particles, accor iqﬁ¥10 claimb5,

wherein the sol véhtPRIFEY H MRS e hgkhtthe G 10
| t i i i : at t f th
sol ven 5C0%é{ﬂ nﬂ)f’%ﬂ@iﬂé’ %1@ péf}ﬁ%ﬁyf’@ﬁe SPLYENt A S(ﬁlbcgﬁ)% romtne

group cons ing of aliphatic ydr ocarbons and aronatic bons, . and
at | east onmomsdampdrswlest ethdr cam tdtee graonyp cions,) stunghef ket ones, '
esters, polyhydric al cohol ether acetates, ethers, 15 hal ogenated

hydr ocar bofX PRGN E cighintRsl U F e 28Dt fRtTREERA L B dii g

regener at e%mgoﬁymr}/&gr;&ﬁgsi n particles according to claim5,

wherein
3. A method of producing regenerated expandable

10 polystyrene resin particles according to claim 1 or 2,
wherein said compacted material is dipped in said blowing
agent at a temperature at least 20°C lower than a
softening temﬁerature of said polystyrené resin, thereby
performing extraction df said volume reducing agent and

15 impregnation with said blowing agent. |

4. A method of producing regenerated expandable
polystyrene resin particles according to claim 3, wherein
said blowing agent is at a temperature of 10 to 40°C.

5. A method of producing regenerated expandable

20 polystyrene resin particles according to one selected from
claims 1 to 4, wherein said volume reducing agent is a
polar solvent having solubility with respect to said
ﬁolystyrene resin and exhibiting a mutual solubility with
said blowing agent, said polar solvent being one whose

25 hydrogen bond term &h and polarity term dp of Hansen
solubility parameters satisfy the following conditions:

(3p-5.8)%+ (8h-4.3)%<50 and &p?*+3dh*>46

[units: . (J/cm®) ¥?)



consi sting essentially:of at |east one solvent 20 sel ed fromthe group
consisting of aliphati¢ hydrocarbons and aromatic hydrocarbons, and-at
lleast one solvent selected fromthe grgﬂg consi sting of alcohols and

pol yhydric al cohols. 9. A nmethod of pro i ng regenerated expandabl e 25

pol ystyrene resin particles according to claimb5, wherein the solvent used
as said volune reducing agent is a m xed solvent consisting essentially of
at | east one solvent selected fromthe group consisting of ketones,

esters, -32- polyhydfi h t ted
hydrocarbons n.t€0q£¢%%€%§§d§£ §£§§gﬁgﬁg Pégé%eP%P$ea%¥gg%§%82§Ivent

sel ect ed freem ydeygenepreonsi phrbgcbésabeobplisngand @ohyhyd)iwhakeohols. 5
10.. A met hod of producing regenerated, expandable polystyrene resin
partrcles ddtorrhgerd esadnns, Sah@re@hum%a¥@dW©l®%eag@@ﬁciﬁgaEQeﬁaSts at

| east | ected f t f nitrob -
o di ch or oBgHS HEL Vo hE TS bGhEe % oL B cHF OB GBS L8 r SERFBFERERyl ene,

10 1, 1-di chdoroed hyﬂ)@I‘ﬁﬂy&rﬂcdéEEQﬂmgiOgﬁltﬂéf‘eacélﬁlé@é’é' Neehepyridine, ethyl
crnnanate met hyl ene lorid 4-di oxane, aniline, norpholine,

N- met hyl norhpiod geres t N ety ooa phoh s nen i t oy ctahexandne, and amines.
1,1,2,2-tetrachl oroet hane, diethyl carbonate, dinethyl phthalate dlethyl

pht hal ate, dibutyi- Piﬁn%tlfﬁ%l%ﬁepr%ql%lt% rpdengLated arrmdabirenzonitril e,
- t | |
ni romg:gg;ge r%&fé}% % Rl yyAc&sr@rng REORY] £ 5 91 il e NiEXY

ether dip

t he sol vent used as safd vol une reduci ng agent is a n%%fd sol vent

the solvent used as said volume reducing agent is a mixed
10 solvent consisting essentially of at least one solvent '
selected from the group consisting of aliphatic
hydrocarbons and aromatic hydrocarbons, and at least one
solvent selected from the group consisting of ketones,
esters, polyhydric alcohol ether acetates, ethers,
15 halogenated hydrocarbons, nitro.compounds, and amines.

8. A method of producing regenerated expandable
polystyrene resin particles according to claim 5, wherein
the solvent used as said volume reducing agent is e mixed
solvent consisting essentially of at least one solvent

20 selected from the group consisting of aliphatic
hydrocarbons and aromatic hydrocarbons, and-at least one
solvent selected from the group coneisting of alcohols and
polvhydric alcohols.

9. A method of producing.regenerated expandable

25 polystyrene resin particles according to claim 5, wherein
the solvent used as said volume reducing agent is a mixed
solvent consisting essentially of at least one solvent

selected from the group consisting of ketones, esters,



triethyl ene glycol etlyyf ether, 20 triethylene_glycoliﬁbtyl et her,
triethyl ene glycol propyl ether, ethylene glycol hexyl ether, diethylene
gl.ycol dinethyl ether, diethylene glycaol butyl ether, butylene glycol
butyl ether, cyclohexyl anine, ethylene t4rcol ethyl ether acetate,

et hyl ene glycol butyl ether acetate, 25 propylene glycol nethyl ether
acetate, diethylene glycol butyl ether acetate, dipropylene glycol nethyl
ether acetate, tetrahydrofuran, dinethyl succinate, dinmethyl glutarate,

di met hyl adi pate, ~diethyl succipate, is orone,. -33- nethyl acetate, ethyl
acetats, prispTTKIEl S aleolRfr aRGRE aciPRres bRty ae R At asoPanhtyl |
acetate, amydASCiAbSns, a5 EtPHCcoRBLINYS| SORAYAmKSL ONCan L PY) 8L RY!

ket one,” diethyl ketone, nethyl propyl ketone, nethy1 I sobutyl 5, ketone,
and net hyl drexydoke¢mneseldctddmérbodtioé @rodpccomys i egenegr af eadl expahdabl e

pol ystyrene resin particles congrising the steps. of: dissolving a waste
f oaned natéPFéﬁWﬂﬁﬂ¥@ﬁl%na%§%%ﬂ ®d pol ystyrene resin i-n avol une reduci ng
~agent 1@ havi ng ubq 1. it her - i ne resin
mat eri al and exhi cté't'it%ingnh%'atﬁlhrrelf}dt1 u(gjf ;g%@ﬁgﬁ:}fyf%%h&g _g#joe\%mpé%&g%geﬁ? to be
used, ther eyl J&f i e ar £O1MACE £6i c 1B efd @b rd Bixd rusli (o S 8, cnPpst gd
material in a string-like 15 format room tenperature; holding said
conpact ed rfiet i lune riedecimg sagent sis i aly-ledet foren ol ecthedn- fdresi ve

substrate féHe group consisting of nitrobenzene, o-dichlorobenzene,

di propyl ene gl ycol hexyl ether, triethylene glycol dkfethyl et her,

acetophenone, 1,2-dichloroethane, tetrachloroethylene,

10 1,1-dichloroethylene, l,l—dicholbrbethane, quiﬁoline,
pyridine, ethyl cinnamate, methylene chloride, 1,4-dioxane,
aniline, morpholine, N-methylmorpholine, N-ethylmorpholine,
cyclchexanone, l,1,2,2—tetrachloroethane, diethyl
carbonate, dimethyl phthalate,ldiethyl bhthalate, dibutyl

15 phthalate, dioctyl phthalate, anisole, benzonitrile, 1-
nitropropane, propyiene glycol phenyl ether, propylene
glycol hexyl ether, dipropylene glycol butyl ether,
dipropylene glycol hexyl ether, triethylene glycol
dimethyl ether, triethylene glycol ethyl ether,

20 triethylene glycol butyl ether, triethylene glydol propyl
ether, etﬁylene glycol hexyl ether, diethylene glycol
dimethyl ether,.diethylene glycol butyl ether, butylehe
glycol butyl ether, cyclohexylamine, ethylene glycol ethyl
ether acetate, ethylene glycol butyl ether acetate,

25 propylene glycol methyl ether acetate, diethylene glycol
butyl ether acetate, dipropylene glycol methyl ether
acetate, tetrahydrofuran, dimethyl succinate, dimethyl

glutarate, dimethyl adipate, diethyl succinate, isophorone,



preventing adhesi on of _said conpacted material; and di ppi ng said conpacted
material held on saldQZO substrate in said blomﬁng agént at a tenperature
at least 20C |lower than a softening tenperature of said polystyrene
resin, thereby perform ng extraction of id volune reduci ng agent and

i npregnation with. said blowing agent." 12. A nethod of producing
regener at ed expandabl e polystyrene resin particles, conprising the steps
of: - dissolving a waste foanmed material nade of an expanded pol ystyrene
resin in a volune reducing agent -34- having solubility with respect to

sai d foa”e%é’%nzftélégﬁ‘ t étﬂ L e QJE rﬁégib‘ia!:!eeg ”HEH?Lofsg:L“b' ity

with a later-nentioné omﬁn agen conpac

dl sper si ng @é@té&f@adb@’gyl og@éh@tesaiglols@ﬂpmé@éltaﬂar eémgﬂ apdtanegxtracti on
sol vent under stlrrlng, thereby formng a solid material having reduced

adhesi on; f&f Q@ﬁsamﬁﬁ%b4lﬁsﬁﬁméilEﬁt@%@o %EEEY%léﬁhﬁlekehﬁ@@rlal at room

.tenperatur d part naterl id §£QMAng '
agent at a.qlé¥h 1§ q@%@?yﬁ ?%%g ﬁ?ﬁ% €?¥£nfﬁ Ye¥perat ure of
sai d pobystygﬁgﬁé;egﬂdnméﬁﬁwpbyexpprﬁ@f@h@g extractlon of said vol une
reduci ng agent and inpregnation with said blow ng agent. 15 13. A nethod

of produci ng regener & etk Exphmaeodypolnstsegsreeraséd garanddleke accor di ng
to claim 1Jboolryslt2yrer¥\£]e1[ees|{]n Sgeluf’jtPéloeV\é,ngcg elpltsir?g a’éhg ét?e Seréa%ure of 1_0 to
dissolving a waste foamed material made of an
expanded polystyrene resin in a volume reducing agent
10 having solubility with respect to said foamed polystyrene
resin material and exhibiting a mutual solubiiity with a
blowing agent to be used, thereby forming a compacted
material; |
extrudiné said compacted material in a string-like
15 form at room temperature; _
holding said compacted material extruded in said
stfing—like forﬁ on a non-adhesive substrate for
preventing adhesion of said compacted material; and
dipping said compacted material held on said
20 substrate in said blowing agent at a temperature at least
20°C lower than a softening temperature of said
polystyrene resin, thereby performing extraction of said
volume reducing agent and impregnation with said blowing
'agent. '
25 12. A method of producing regenerated expandable
polystyrene resin particles, comprising the stéps of:

dissolving a waste foamed material made of an

expanded polystyrene resin in a volume reducing agent



40C. | -

-34-

having solubility with respéct to said foamed polystyrene
resin material and exhibiting a mutual solubility with a
later-mentioned blowing agent to form a compacted
material; | |

5 dispersing and kneading together said compacted
material and an extraction soivent under stirring, thereby
forming a solid material having reduced gdhesion;

formiﬁg said solid material into a particulate

material at room temperature; and

10 | dipping said particulate.material in said blowing
agent at a temperature at least 20°C lower than a
softening temperature of said'polystyrene resin, thereby
performing extraction of said volume reducing agent‘and
impregnation.with said blowing agent.

15 | 13. A method of producing regenerated expandable
polystyrene resin particles according to claim 11 or 12,
whereiﬁ said blowing agent is at a temperature of 10 to

40°cC.



