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CATALYST BACKGROUND OF THE | NVENTI ON Techni cal Field of the Inventign‘J H@
present invention relates to a nethod for recovering styrene nononers from
a polystyrene resin by using a catalyst, and its objective is to provide a
nmet hod for recovering styrene nononers from pol ystyrene resin wastes at
conparatively |ow tenperatures with high yield. Polystyrene resins are one
type of igppsqri@ATPORSti cs which were devel oped earliest anmong

t hernopl astic resins, and since they are superior in noldability and

I nexpensi yepr L SY THAVSNRAERTYSRE 1 N a wide range of 'applications. Among

t hese, foaned po yrenes, wni ch have been wi dely used as packagi ng
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deconposed even i are burie € 750l therefore, it is difficult
to prepare a site for disposal. Mreover, since they have high burning
tenperatures, they tend to damage incinerators, and since they produce

di oxin : } XE | e ining material, it is difficult to
18 J UL
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The present invention relates to a method for recovering styrene
monomers from a polystyrene resin by using a catalyst, and its objective is to
provide a method for recovering styrene monomers from polystyrene resin

wastes at comparatively low temperatures with high yield.

PRIOR ART

Polystyrene resins are one type of industrial plastics which were
developed earliest among thermoplastic resins, and since they are superior in
moldability and inexpensive, they have been used in a wide range of
applications.

Among these, foamed polystyrenes, which have been widely used as
packaging materials for electric appliances, AV apparatuses, etc., cushioning
materials for fix boxes, glass products, etc. and trays and heat
insulating and cold reserving containers for food, etc., are bulky and are not
decomposed even if they are buried in the soil; therefore, it is difficult to
prepare a site for disposal. Moreover, since they have high burning
temperatures, they tend to damage incinerators, and since they produce

dioxin when mixed with a chlorine-containing material, it is difficult to
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di spose them t hrough incineration; thus, they have raised najor problens in
i ndustrial waste disposal. Under such circunstances, a nunber of ar1tBSJl]]LOfUUZ
recovering aromati c hydrocarbon oils such as styrene nononers from

pol ystyrene resins have been proposed, and exanples of theminclude those
arts disclosed in JP No. 283745/ 199G ( Tokukai hei 8-283745), JP No.

22181/ 1997 (Tokukai hei 9221G81) and JP No. 30235G 1997 ( Tokukai hei
9-30235G . Any of these arts thermally deconpose pol ystyrene resins under

the presengssefthanCeidhyh incileVRYS; thas "SRy etrificdBhafde $ROMRAING process
is carried out by heating polystyrene resins to high tenpératures of 350 to

430 C, spRGh@hstlARfadt@didgoshes resistant to high tenperatures are
required, and such investnents for facilities have increased initial costs.

Moreover, sinceyg Edr@lhStaees 3 A &%H%Q'I&“&fco%ﬂ?g HRARE YT ene

nmonomers, the yield of styrene nonomers becones very [ow, r exanple, in

the case %{dﬁ&ﬁbﬁﬁtoﬁg dyu0h 3‘% BtMRne %ﬁ&?{ﬁﬁéﬂsgf?&n g{)olgfsgi?édeqrelgfias%%{egﬁk%gm NONEr s

cont ai ne e recovered olls Is as | OW as I mat e %

Here, JP 2‘? 0 hE %Ecdfoﬁ?eqnain%ﬁidbfﬁhﬂé)er AEC WIS §i YfENGo MONONEr S
y eat i ng

from pol rene resins appl ying a process in a compar ati vel y
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according to claim2, which relates to the nmethod of claim1 for recovering
Styrene  BcPogierk BF yBEYF o St BaeN TP oI A O BARAP 3t 1 et n ¢ he

sulfate is a nmetal .sul fate.. The jnyept]j rdi tg claimga3, which

rel ates ted‘af’l‘iggﬁé’t%oca&f* Oglt]%ﬁ m%h?‘if’?&gg\g‘?/%%ﬁﬁg@ggﬁe ’f‘?&?’?oﬁ\étgref%m a
pol ystyrene resi n by usi cat al yst erein the sulfate is,at |east one
orber sahgromars ratieimsl th ahh Teomisred 5 Sorasiahas: ARRSEIRARL S8 um

sul f at e, 5lfilﬂroon sul fate, manganese sul fate, zinc sulfate, alum num sulfate,
calici um ("ate, pot assi um sul fate and anti nony sulfate. The invention

according to claim i s.the.nmethad of claim1l for recaovering
styrene nonomer e@rﬁ%mpggﬁfﬁrgﬁ%a‘g‘fﬁaﬂw Hg@ﬁ%‘i"é(?%ﬁ,“@renew J UL
2002 wherein the heating, tenperature qf the polystyrene resin is set to not
nor e t harfl8BeMmers #REFE%]&EB”EHBOE?WS@ (GPPIEBE] RVDRFRBR Process in a

comparatively low temperature range of 300 to 350° C; however, even by the
application of this method, the content of the styrene monomers contained in
the recovered oils is in the range of 60 to 79 %, which fails to achieve a

satisfactory level.



Referring to FIGs, the follow ng description will discuss preferred

enbodi nents of a nethod for recovering styrene nononers fron1po|ysﬁ%F$@?m2
resin by using a catalyst in accordance with the present invention R
is a schematic view that shows one exanple of a thermal deconposing device
used in the present invention. The thermal deconposing device (1) is
constituted by a deconposing vessel (2) which houses material polystyrene
resins (for exanple, polystyrene resin lunps having a fixed shape fornmed by
ai r - r el e BRIGF SOVIDIARET I FnTHBD ANVENDRDONXSt yr ene resins) inside thereof
and thermalTy deconposes them a supply section (3) for supplying the

pol ystyrene r eSFHbsﬁ)fé?,eﬁhﬁnﬁ&%ﬁMﬁ Béery devigkd ¢@kolvad theRMovelhéetiorit i on
(4) which externally releases thermally deconposed vapors generated in the

deconposifghessehnd 3ts oBjeetiverisngh pexvide é@ﬁeﬂ% £ fédoﬂ&lﬁ?dstmeﬂe“g the
contents | oaded i nsi de the deconposi ng vessel (2), and a heating neans, not

shown. F%S?%ﬁemggsevi Y %ly%g'ﬂ?@ﬂe sfilsG ; 38{% ¥ GEAGERIWETR! canS T ARE

exanple o ce use he met the présent invention, "and the

device u 9'6 ogggf){?{e&ﬁeﬁeqasﬁlgetw@%@mam\éy déng{bxhﬁeﬁ%léé”ﬁﬁﬁégfigléo be

limted t st'yrene resins having a shape forne

a0 el OGR4 I AU ey L8hs AT %ﬁglé&w S R i

cont i nuously supplied fromthe supply Sectio o the conp05| ng vessel

(2), and Lo, ths offoqm&ab £ el ghE couloho 0% 8o Eh dBlordoadgsthd

cat al yst T0r accel er at| n er af a&LH ion of ne re5| ns.
The present g a sul fate as th| s catal yst.
Speci fi campnblgé%;ﬁrp er eoa?d%’lt n(?f)ﬁlg)%sgglvnéblgul fate, al um num sul fate,

21 uri num Sﬂl e gm'm ik ?his‘"o%%f Ao R PRt e b BN
sul fate, ni u%&%ﬂe(llnlv% %Cﬁﬂﬁg‘?m mml rlorneégiel I% uI f & f&mmnl um

manganesepr(o ates IeBa” sl Tt Sul fate
d | f | | t

A PO TR il u%n% Frdfesem,
chr om um VR SRR db. SRt TRt a}i“”’ I g %féé otie

[ [ | ~ I f at | f at d | f;at
Py r ogen TSSYTEEFaT R Vit 5 PhgPhct i BIAER Srtal S Yol B i
(rrr) sulf cerlum(l~sulfate titanium (111) sulfate, tltanlum(l
sul f at e, a?@)lgfstll) sulfate, iron (I11) sulfate, copper (Il1) sulfate,

dodecyl sodi um uI fate,.thoriu S I f at,e d| u suI f
al uni num sul f at Peae(?t’(oﬂ f“ccsoﬁ% ko b Whl tﬂ%ilﬁerlneﬁ? dt”iul fate,
nitros neS| um sul fate,

ni ckel aly f at.e
neodyrm Ui IHEaFe Vteamwxs%f?%mocwﬁe)r#ﬁwaﬁ %?lystfyrr TR IR AR RSEAT oxyl
di pot ﬁé?%ﬁ%%af R BT R éﬁé b I'jl}%g%“%ée’ na”ﬁSQﬁZ'SErT T sal tace T
Fubi d um al uri TR Sevien Ak e % ot brelieS 2 anenge et e
follow ngclgi)fxcli rlaitogSre((:)tgcvetr{]negssetyr(lejrllcg'c Sl ooy from (C)jlystzylene resin by using a
catalyst, wherein the sulfate is at least one member selected from the group
consisting of magnesium sulfate, sodium sulfate, iron sulfate, manganese
sulfate, zinc sulfate, aluminum sulfate, calcium sulfate, potassium sulfate and
antimony sulfate.

The invention according to claim 4, which uses the method of claim 1

for recovering styrene monomers from a polystyrene resin by using a catalyst,



5 18 J UL 2002 sul fate nonohydrate, zinc sulfate hexahydrate, zinc

sul fate heptahydrate, alumi num sul fate hexahydr ate, al unmi num sul f &8ejU] 2007

decahycli ate, alum num sul fate 16-hydrate, al um num sul fate 18-hydrate,

al um num sul fate 27hydrate, ammoni um chromum (I111) sulfate 12-hydrate,

ammoni um cobalt (I1) sulfate hexahydrate, amoniumiron (lI1) sulfate

hexahydrate, ammoniumiron (lI11) sulfate 12-hydrate, anmoni um nmanganese

(I'l) sul fate hexahydrate, cadm um sul fate nonohydrate, cadm um sul fate 8l 3-

hydrate, wheFfgibthsHdading fieppatdiabfthe paiystifent Habinid 24 -tb Yt ahbre

pot assi um al um num sul fate 12-hydrate, potassium alum num sul fate

16- hydr at@.anP®eese) um chromium (I11) sulfate 12-hydrate, potassium chrom um

(I'11) sulfate hexahydrate, potassiumchromium (I1l) sulfate trihydrate,

pot assi um chrom um (111) sul fate nonohydrate, cal cium sul fate dehydrate,

chromum (I1) sulfate heptahydrate, chromum (111) sulfate 18-hydrate,

chrom um OR ISR h g MR NEN € ate hexahydrate, cobalt
y

(1) sulfa nmonony At

: sultate ydrate, zirconium (I~
| f at h . Zi i ~ A I t
SuL At TonoNY 0k i RIS Tt NS o S MR g

hyd . Il I |
ahydra o, ChBodin @fls'of by hephld Ret BRI CBMEne W A GRS IRRIABIL o
i 11 f at i_h t.e, i [l | f at hydrate, i 11
cul Tat o HsSELRy et AR iac bt bt W BRSO T ) Ul ke
hydrate, i [l fate. d h t i [ L] l.f ate 12-hydrate,
Copper (11" sulfliot pihe Stbiafis R0 HRAfsBpws it Srampl fh & tBerpabycum ©
(I~ sulfate tetrah grate t orhym{ﬂh €U|fa e hexahydrate, thorium (I~
sul fate oTERMRSTH ,e‘Pﬁ%PF‘E}ﬂF{ 1€ RIRSERY VSO Ry dr at e, sodium sul fate
hept ahydr at e, di |.fate d h te,.6. 18 U 200 di [ um
Cult at o 24 myar e HRRRAl FEEpiosty Hariss (Bhisgeatuted be ecfePmOsE  are

dehydrate, nickel .(IJ) sulfate tetrahydr ate, .nickel (I1) sulfate

ept ahydriasael (5 sgtPbhohisn BateHAL R REDaeR Sesifa (F exbitlo ol ietfesi um
tetrahydrate ,vanadium (I1). sul fate heptahydrate, ,vanadi Uﬁ1 I11). sulfate

L rT hyd atiest, SRS PAENEI 3 G Shape CRRRGHIR: S TsleHEE aRsatizig
mr)lnozyglf1 e, .magnesi u‘(r; su?fat .1.5- dra%;g nesj.u squZte ehydr at e,
Tagn6s uroatinE PO T ees e SN eRROL e AP e R AN My ao b 8508 BERL urn
sul f at e hept ahydr at e, nesi um. di ppt assi ym sul fate tetrahydrate, . magnesi um
di pot assi THARY5REn HE) 1 sraviing dhe HAluvrera eons 46 dhiofenesing
mlaﬁgaﬁzzle (11 ul fate dﬁ ate,. ma% an SW(II sul f at.e tetrgﬁorodr te,
rranganeseve(sls?]g( ul & é’tago’_f)éﬂ'{"%yﬁﬁ%i"é‘, (Zﬁawg'é‘ﬁb%t%rlnl Vsthleages drat e,
SO 02 RSk 00 S5 e B, SRR S ABHGL BRAL T2 e,
Tl ! 5 AR AR chE SRt I b B RIS Rl o2
anti nony qulﬁi,e , and hydrates of these sulfates are nore preferably used.
One ki nd ‘67 §z‘e€§f1§|’9é‘l‘%s’ﬁé’§tlsﬁgwﬂsed, or two or nore kinds of these may

be used in comhinatigon. Moreover, the ove-nentigned catalyst, as it is,
may be added, exe gthen GERICRe SR OB et I?s‘ir;ﬁiiu %%Fai]ﬁ( éﬁ%‘é{Fr?réer may be
added. Wth respect to the carrier, althaough not particularly |im.ted,
t hose sup@?ﬁ%&ei(ﬁc aflevier nsed dp ! eweﬁl@sofg?%grq*%mvegm%@pﬂhﬁﬁ na and
titanium oxi.de, are preferably used. Wth respect to the nethod for
al | owi ng 4evace aspdan the greﬁfgeatoftﬁ@ presepg invepilopggonetaindepded tpibe s not
particularly limted; and a known nethod such as a di pping nethod and a
CO- preci meddherghynod may be used. Moreover, with respect to the shape of
the catalyst, the catalyst may have a_ |l unp shape, a powder form or another
shape; and t hosRolystyrene zesins thaying i ﬁreednﬁham)F@medagje|a}r-oelsa$mg3ami nm ar e
preferably used.

pulverizing, for example, foaming polystyrene are continuously supplied from

the supply section (3) to the decomposing vessel (2), and to this decomposing



In the present invention, the amount of the catalyst to be added is set in
the range of 10 to 25 weight % and nore preferably, 10 to 20 weioghg ¥ e
anount of addition of the catalyst less than 10 weight % fails to
suf~.ciently exert the functions and effects of the application of the
catal yst, and the anount thereof exceeding 25 weight %also fails to exert
the correspondi ng effects, giving adverse effects on production costs.

Next, the follow ng description will discuss one exanple of a nethod for

recoveri ngessbly (Bne 4AdrdnBrcatilyenfaohyeleracing tRghid d¥éobipobitioh At yst in
accordance wth the present invention. First, a polystyrene resin as a

material fdlpstyeemdPédtns.ai r-rel eased foam ng polystyrene resin) is |oaded
i nsi de the deconposing vessel (2) in the thermal deconposing device (1),

and the above- PR irBREhC AR i cRdfadetifed M LNIIE Shirkfeadegguposi ng
vessel (2). Next, this is heated while being m xed and stirred by the

ST g dAviee (@pegmcranﬁ,élef(gﬁlgm ARBHIA NG Nain® ShSMCCallthi@Ri act t he

catal yst so to be ther econposed. The heating tenperature of

t he
2 2 LS5, ), R SN SR i g 2

to be used, 1s pre y set int

pr ef er apl an?élq%lfno;éﬁg&ngln gﬁgﬁtﬁs %ﬁ@bé}éﬁﬂh chrorILRfm?mWateE Qﬁm’?&ﬁhﬁ{ abl e

heat i ng téerperat ur
cobalt (IT) sulfate, ammonium iron (II) sulfate, ammonium iron (III) sulfate,

ammonium manganese (II) sulfate, irndium (III) sulfate, lead sulfate, lead
sulfate ore, cadmium sulfate, potassium sulfate, gallium (III) sulfate,
potassium aluminum sulfate, potassium chromium (III) sulfate, calcium
sulfate, normal silver sulfate, guanidinium aluminum sulfate, chromium (II)
sulfate, chromium (III) sulfate, cobalt (II) sulfate, cobalt (III) sulfate,
zirconium (IV) sulfate, mercury (I) sulfate, hydrogen 3-indryl sulfate,
hydrogen potassium sulfate, tin (II) sulfate, strontium sulfate, cerium (III)
sulfate, cerium (IV) sulfate, titanium (IIT) sulfate, titanium (IV) sulfate, iron
(II) sulfate, iron (III) sulfate, copper (II) sulfate, dodecyl sodium sulfate,
thorium (V) sulfate, sodium sulfate, sodium aluminum sulfate, lead (II)
sulfate, lead (IV) sulfate, nickel (II) sulfate, nickel (II) aluminum sulfate,
nitrosyl sulfate, disodium magnesium sulfate, neodymium (III) sulfate,
vanadium (III) sulfate, barium sulfate, hydroxyl ammonium sulfate,
praseodymium (III) sulfate, magnesium sulfate, magnesium dipotassium
sulfate, manganese (II) sulfate, manganese (III) sulfate, lanthanum (II)
sulfate, lignin sulfate, lithium sulfate, rubidium sulfate, rubidium aluminum
sulfate, manganese (III) cesium sulfate.

Moreover, the following hydrates of these sulfates may be used: zinc



ranges for the respective catalysts are shown as follows: in the case of
magnesi um sul fate, the tenperature range is 230 to 330 C, in the P$§ﬁ 2@
iron sulfate, the tenperature range is 200 to 310 C, in the case o 35 am
sulfate, the tenperature range is 250 to 330 C. In the case of manganese
sulfate, the tenperature range is 200 to 350 C, in the case of zinc
sulfate, the tenperature range is 200 to 350 C, in the case of al um num
sulfate, the tenperature range is 210 to 310 C, in the case of cal cium

sul fate, sulfité anpeslaidiate,” singesilsaté2Retshydtdl, zih Judfat6 Asehtahy@Ritassi um
sulfate, the tenperature range is 300 to 350 C, and in the case of antinony

sul fate, fAlmihGAPRLHAIE hekaNPrdts, ARtnitudliuifate THEIROLtedetamRRSRd Vapors
generated by the application” of heat are taken out of the fhermal

deconposihgrage Vi@-ﬁg(ﬂﬁteﬁ hienglubl eswpRer 19—‘1’1&5?%&,5 eglinARutdt) s gngrthe

thermal | y deconposéd vapors, taken out of t evice 1s condensed and

liquefieq, a%ﬁ%%@oﬁi&iﬂ%h?&%‘hﬁﬂeagg@&ﬂ?fe 1%5@%5?1&%@{ ddpafCampnomer

is vacuumydi sti to recover a styrene nonomer purity. 'Exanpl es
T SRS, kb, P S B R
 nvent| R GIEGARSp D APREEE, SftaBhat RlaAEbi (IR AL s Bhub¥ielt 2o hy
(e, XA fim, CEIATE Beblpdsh hebhivaf SHAce B8 LG5 CTRRRIG, P ooecs
Sl A B, 2
o 5 RRTSHE BB "SRG A TR R, SRR, 1 g
and the apeRep I etiitale,; TPREARA | riBRsTERs hompies GHE RRElS o' by a
condonscd A R fer PRACBY CBBPRRG: D ( 1oy ERor e Ea o RO et of
1 kSR Lt SO b B 12,
{he. col| STty BrabTdfateci e By CUTD FRIEEE i Bratalf, KBROMSkRg arpd " © 1"
and t he GNP COBYIERIE LA dID: 1L BEn, BB ALY &Pea ol o rekaiear
o h charBoRBALe- oAl AT GRS SRRl BOORBY i) ySuEhteing i G
anal yses Mrppyaraf rditer 0} uinetise G deri (BT ARGt BH R e ng
ot 0 PSS R0 B oo HE ST 1,
o U L SR S S TERRTEL ARUARG.2 BT 0L, 89,97
standard pmgﬁaﬁ;? aaitg,eicli‘(')n (d%( gﬁﬁ;t% lggptahydrate, iron (III) sulfate trihydrate, iron

(I1I) sulfate hexahydrate, iron (III) sulfate heptahydrate, iron (III) sulfate 7.5-

hydrate, iron (III) sulfate nonahydrate, iron (III) sulfate decahydrate, iron

(I11) sulfate 12-hydrate, copper (II) sulfate pentahydrate, thorium (IV) sulfate

dihydrate, thorium (IV) sulfate tetrahydrate, thorium V) sulfate

hexahydrate, thorium (IV) sulfate octahydrate, thorium (V) sulfate

nonahydrate, sodium sulfate heptahydrate, sodium sulfate decahydrate,



A thermal deconposi ng process of polystyrene resin was carried out through
the foll owi ng nethod by using an experinental device as shown in”ﬁi g. 5. To
a flask (9) were | oaded 50 g of polystyrene resin and 9.65 g of @Hﬁtﬂﬂﬂﬁﬁ
sulfate (MgS04) calcined at 500 C, and a net plate (1G was placed at an
upper position inside the flask (9), and Raschig rings of ~ 5 nm nade of
ceram cs, were put onto the net plate (1G so as to forma filled substance
| ayer (17). This was subjected to a heating process by heating the inside

of the flRdkuhAlulinandBikhR NeRy@Fate lhickeh (TEsWEhRIMBhyRFd:RE Sicker ed by
stirring blades (10); and the liquid tenperature was neasured by a

t her momet(gy) éxﬂﬁteaaﬂl}t&iﬁtéaumcml E:)()prﬁilﬁéﬂér Eet@{ih;{)dl%"té[ﬁhidke@e(ﬂ)”@@ﬁ"ﬁﬁ vapors

was neasured by a thernoneter ( Here, a ribbon heater (not shown) was

wound ar i ah @b | &lis@fiuh1e hhggésib SRLTet 028PRHrabEal diski®h0- The

heating process by this ribbon hedter was nmade so as to prelimnaz~ly heat

145 G chogMeil, BALIE Al [afalh AR (1 Buliaf: FEPthSRritty Sl (IEFD 170
of the V?]stgfatIa dle fJa?ﬁdglﬁ}?il QR)' 1 Ak Ao ﬁﬁ&,{rﬁﬁ&x@s@?ﬁ%sbi ﬁepf' ed

and agai roppi ng 1 nsi'de ore reachrng e~ Ccoo g tube.

Th |1 . t j . d

i queri edPBECRALF nY BREHRmD SR ERHUIAIE ho@Bdsil Spegp RRISMAEL, o)
dth | £i. Liguid I .1.nt | eGt.i bi 13). 11 18

o LS or B Sl PRl Baba0abl S Rafrh R ARk

13 | d.b h t hy; .t h t h hat th

Com ent crtte? SRy aRTes FRABRAR YT 5RRYE ° FuRbiak, "o

t ol uene and et hxl benzene, .whi chLar, a.l 0 | ecul ar _conmpone ! as | ow
1 005 aB AR M Aot assind | gifre® BerahVhr e s MariAMRRIP T sfitafe 75

?Zsults of }II}& %? chronf'?% r:aa@g Sa I%s agd FIG 7 ghz)vxéﬂu\rﬁrﬁfigevafue

?at? of t'HE?P I %I 6‘?????@' ( 33_ ; ré’%ttd 3 g&’ilygﬂi ?hﬁwggg?hﬁ%lr_ ; " ﬁerespect

o tenperature ile e i ein i e e ui

t enper at JPE ARS8y gnaaese D, iR BeRERE P, dBebeinRedIih sitate

of pol ys ymeE e BaEn e RN B SR PSR ng et hod By ust ng.

i rent al , devi h i.n Fig..5,. T fl 9 I d 100

of pol yst yr one ABEHE theatbsmartinath Sul B dnfial s by HPETAEY ar 800

C, and a net, plate (1G5 ,,was pl ceﬁl at an upper posjition inside the flask

(o) "ana eetle g k@ Wi el St Ahe Rl PRl ol S ehe. et

plate (16) so to forma fil substance |ayer (17). IS was .subj ected

o honkort SufBudse sl dbse oSt s PuikSion KRt biudh jsulGySs, PRl |

hga?ere?ll%vﬁi lLe Eei.qr?gm' I(:ISH%;% Sti rre& St i ilri n blug%s ill;'gf%i andet he

lTquid t LSS RosasRh sTes primeny Aultaisreand hydustes afithete shtfates

tenperature of ther malaIt?L%/1 de(forrposed vapors was neasured by a thernoneter

(15). Herde more RERferable 1sed: (ot shown) was wound around the outlet of the

flask (9) so as.to, appl heat ereto in the.sa manner as 12 ~ a ~a~-
D003 Exanp! o 5 ORCERTEoY IEGe catilous doen s hecd dare ot Edsraf bRt o
a cooling tube (12) connected to the outlet of

condensed and liqyefied,b
the fl as@gy%eﬁﬁgﬂtlﬂtgop’é’éﬁ???’hg liquid was collected into a collecting bin
(13).

Moreover, the above-mentioned catalyst, as it is, may be added, or the
above-mentioned catalyst supported on a carrier may be added. With respect
to the carrier, although not particularly limited, those superior in heat
resistance, such as glass fiber, silica, alumina and titanium oxide, are
preferably used.

With respect to the method for allowing the carrier to support the



The conponents of the recovered liquid in the collecting bin (13) were
anal yzed by gas chromatography; and the results show that the CO”L%GUlqu
styrene nononers is as high as 94.5081 % and the contents of toluene and
et hyl benzene, which are | ow nol ecul ar conponents, are as |ow as 2.453G and
0.3544% respectively. Here, FIG 8 is a chart showing the results of the
gas chromat ogr aphy anal yses, and FIG 9 shows nuneric value data of the
results of the gas chromatography anal yses. Here, with respect to

t enper at Waegywh)iit £ hétep Arititau £l FithRed; th dlh Knlowhesheth stBshdlins @ dippRey at ure
was 30G 5 to 324.9 C, and the thermally deconposed vapor tenperature was

154. 8 10 R0%hod fnd 4 ExATRLiBithhiof 1hDBIOABhaUBRAIRES ng process ‘of pol yst yr ene

resin was carized out "through the foll ow ng nethod by using an expei znent al

devi ce as shownhiobbg wﬁh r-gé’p@ctftbacﬁgsslh%}) Viﬁ'rtﬁelc%@ﬂ g, (@Qeg:a%lgﬁ’ﬁ)hi’a? yrene

resin and 15 g of sodium sultate (Na and a ne pl at e pl aced

at an UpRghePRSbidP 3hbps) er&vt}&elft REK o z).rrotﬁ@fj(s?%?&hbﬂdrﬂh%gé %Sdh |l ed

mage of celram Cs, were put onto the net plate Sso as to be h
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of her mab h d55EIBPTET, ;za%gﬁt SoRASHL SbeRuL . 1S g@%&ghhﬁ) Here, a

ri bbon heat'er aroun ask (9) so
e
(r)fs'ltjlhfai pgugﬁaéeg i | d in ?%goq:o?lbeft 88ﬁ8| (g&hen%p% st)é fthﬁh‘éat@g’r%bnent >
chr omat ogar"gipﬁb etbr égfﬁjteéceser‘?ﬂ)’i’/\?t%gt%?lﬁ tc %a]eﬁ‘?t f%l 3 g oners

is as high as_89. 461 0 and t cont i of to e angs et hyI benzene,
whi ch ar &TERPRBLRE VSrS CE O B ‘é and 5. 4044%

espect el LS, o ?awa##a? B BB SR E ' P
e St P S R St
\évgz (2383 tig a?éggrdcahcgr\]ngtﬁ hhe %péasreﬁ?lm ot %ecgrrposed vapor tenperature was 210 to
First, a polystyrene resin as a material (for example, air-released
foaming polystyrene resin) is loaded inside the decomposing vessel (2) in the
thermal decomposing device (1), and the above-mentioned catalyst is added to
the inside of the decomposing vessel (2).
Next, this is heated while being mixed and stirred by the stirring
device (5) so that the polystyrene resin is allowed to contact the catalyst so as
to be thermally decomposed.
The heating temperature of the polystyrene resin, which is
determined depending on the kinds of a catalyst to be used, is preferably set in
the range of 230 to 350° C, more preferably, 250 to 330° C.

More specifically, for example, the preferable heating temperature



(Exampl e 5) A thermal deconposing process of polystyrene resin was carxzed
out through the follow ng nethod by using an experinental device aga%ﬂ

in Fig. 5. To a flask (9) were | oaded 80 g of polystyrene resin an gﬂ@f
iron sulfate (FeS04), and a net plate (1G was placed at an upper position
inside the 14 18 J UL 2002 flask (9), and Raschig rings of ~ 5 mm nade
of ceramcs, were put onto the net plate (1G so as to forma filled
substance |l ayer (17). This was subjected to a heating process by heating

t he insi deingestfoe fHeaS'KSJ(eQﬁv@Wa’talmlﬂé lrehgledveri 4sL Fllovns:| i kBenease y£d and
stirred by stirring blades {10); and the liquid tenperature was nmeasured by

a ther ronghghedidf) salfgtd, e dehlRirati0RPRIBUE23T 6 BBOMEE | 3 fiac eanosed
vapors was neasured by a thernoneter (15). Here, a ribbon heater (not

shown) wggoNQuIEtar PenEnfieafiild fingdf ist 260 t6 836° (O)inStheéigadeCofRliNmheat
thereto in the sane manner as Exanple 2. Thermally deconposed vapors

gener at eckiibiklhd {eAfertB®, G0RAS0250 (a8d0! | CUSh A} bitedrGoplddst uDe (12)

connected to the outlet of the ask and the res ing liquid was

col | ect ed)j ke @&@Mﬁ&hhﬁgﬂﬁ%a%jﬁl%e tJ@gOlegQEQE§S‘306f AU e d

liquidin't | ect’i ng wer e anal yze y gas chronmat ogfraphy; and

Lhe I esUl gl Aindd\e, 9001BM5P! oK BREIRNATRR kA A0 A% 92. 9584

% and the ents uene and et hyl benzene, are | ow nol ecul ar

component Smiandd [k 31995 3100 Q@ TR esRACkiELY wubie af) 12

is a char oW ng results he gas romat ogr aphy ‘anal ysé€s, and FI G
13 sh ' d f. thesd t h t

anal yses. CpLrsabye TR 206 16" PROT €0 b, BheCboge B IRSS IRIARE SBIY, g
distill L.qui t ° A - d t |
ARG TR RN g R L L A

deconposi,n rocess. of p e kesin was carried out 15 18 J Ul 2002
t hr ough tﬁ?%ﬁ%f f%%rﬁé‘gﬁéggég%%?ﬁgsi(%g an expexzmental device as shown in

manganese. sul TART PR st Bay ikt Grirfled By Wi SBRGAGT U wiger

position jnside the flask (9),, and Raschiqg.rings,,of ~ 5 made Qf

ceram cs ,ta\%gpeo‘bb?ﬂt}}ﬁ? ?’Fﬂg"’%é@%‘}‘a?sén? 1@”%‘30 ?gst}fr(?uggrtt}ﬁrg;l’?ﬁ’ e 81(5&5‘0 bst ance
| ayer (17). .'(I)'hi )was subj ected to a heating process by heating the inside
of the fl §F3 I(1§§'by a mantl e heater (11) while being m xed and stirred by

irri bl ad 10), d. the, li,quid d,b .
ther momet er ( LM aheen Bl PR ST TSE PSRl ot dBEGIBAREE vapor s
b t hey. t . He i bb heat t sh
wound ar dRdeBrel qih BHogeq e e, rufe sBrsee B uphR TedcBin gREE) | 1% he
Ex le.2. Th | J. d t in.th
I sk wor ESTBBUPeR {6 VPGB Pt B) T8 E5FT Ag DS TISRELNAELPEY to ¢ he
out | et of thfynflask(Q), and the resulting liquid was collected into a

col | ecti My Bh (13).

Examples

The following description will discuss the method for recovering styrene
monomers from polystyrene resins by using a catalyst of the present invention
by means of examples so as to clarify the effects of the present invention.
However, the present invention is not intended to be limited by these
examples.

(Example 1)



The conponents of the recovered liquid in the collecting bin (13) were
anal yzed by gas chromat ography; and the results show that the content of
styrene nononers is as high as 96.68G3 % and the contents of toll 8efild 2ifd
et hyl benzene, which are | ow nol ecul ar conponents, are as |low as 1.8501 and
0.3731 % respectively. Here, FIG 14 is a chart showng the results of the
gas chromat ogr aphy anal yses, and FIG 15 shows nuneric val ue data of the
results of the gas chromatography anal yses. Here, with respect to

t enper at ures i b AUl a ! Io3dd . b QUG ature
was 200. 8 to%%%lgnmé?eg?\%ﬁ? %Ielgt eo?ﬁ%éﬂ%%g%%%%%%eéé% Ivh%ﬂ a\?ﬂka%&gz vapor

temper at Yo hd oifoni e 3tto by (RHARECelerfhbiEN ki deaOIRAS NG Pr ocess

of polystyrerne resin was carried | owm ng net usi ng
an expei ngal device as shown in Fig. 5. To a flask (9) were |oaded 100 g
of polystyPene resin and 20 g of zinc sulfate (ZnSQq), and a net plate (1QG

I 4 at h o _ . . ¢
S made 574 S4PRFE) BER 1a0eq 0 HhAP Ry Bt B RS 187
filled b I 17 i jected t . heat | b
ot g SREFR Sk TSl a0 RS, AUPIR Pl SuBPRRL 1 IR O

i xed and sti d, by, .stirri.ng. pl 10) ; d the liquid t t.
reasur od BB)eese e PREHE dhe R A e Db OEBY L Al Hedes O et 1y "
(ot ol SRR SRBHIDY REEde Made (o snabE FocimiRabtopl y
heat thereto in th le 2. .Th 1y d

goner at ed" SRR AP BN DO Q U AR D CEF FRBP B SoTE Aliba ( 12
connected, to the putlet of the fl k}g9) and the ('r][giulti ng liquid was
collecte eF?l‘E‘lgoﬁe‘gIS‘I‘II’%r@tW?ﬁgmﬁ?ﬁu’(%.a'f’h@’ﬁ%‘ﬁ&‘#e of the recovered

the resul ts ShaeFAEALY AEQSBRASEH VTS EFREF ooty Lark 26 ARGRISEA b2, 1085
% dth t ent f to] t hyl b , i ch I I I
componenid et s caBtng $uba (D gonhedad tothe epbet bl ois daRkol v 6 -1
is a charh shov~~n ,thg results OCI, the 1 .18 JU% ﬁooz gas chromat ogr aphy
anal yses,thgxgsptigg hgugdwasc wtg 2 celegiing bt (1e results of the gas

chr omat ogr aphy _anal yses, re,, Wwih respect to eratures whil e the

liquid had bei ed@réwmégﬁwthamt%ﬂﬁeet%%@e llfrB gD (68, a8 GogH1 2 C
d the th |1 d

an © g %xrer(]:%ver%r: e1(.:?4”}%/(0))8,eand the components of the recovered liquid in the

collecting bin (13) were analyzed by gas chromatography; and the results
show that the content of styrene monomers is as high as 90.0156 %, and the
contents of toluene and ethylbenzene, which are low-molecular components,
are as low as 2.5394 % and 0.8776% respectively. Here, FIG. 3 is a chart
showing the results of the gas chromatography analyses, and FIG. 4 shows
numeric value data of the results of the gas chromatography analyses.

Here, with respect to temperatures while the liquid had being distilled,
the liquid temperature was 240 to 260 ° C, and the thermally decomposed
vapor temperature was 145 to 147° C.

Then, the recovered liquid was vacuum-distilled so that styrene

monomer having a purity of 99.92 % which satisfies the purity of 99.5 %
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vapor tenperature was 14G 3 to 241.3 C. (Exanple 8) A thermal deconposing
process of polystyrene resin was carxzed out through the follow gBQEi hod
by using an experinental device as shown in Fig. 5. To a flask (g') 402
| oaded 100 g of polystyrene resin and 20 g of alum num sulfate (Al 2(S04)

3), and a net plate (16) was placed at an upper position inside the flask
(9), and Raschig rings of ~ 5 mm nade of ceram cs, were put onto the net

plate (16) so as to forma filled substance |ayer (17). This was subjected

to a heatdoRthrpiifeas JIBstheddid@at bbtdined.de of the flask (9) by a mantle
heater (11) while being m xed and stirred by stirring blades (10); and the

liquid tenperature was neasured by a thernoneter (14) and the outl et
tenperature of thermally deconposed vapors was neasured by a thernoneter
(15). Her@xaﬁllﬂglgyon heater (not shown) was wound around the outlet of the
flask (9) so as to apply heat thereto in the same manner as Exanple 2.

Ther mal |y decgrpenadl \RRARDASACH AL, 1ot jifebkank suhensenAgnsatand

|l iquefied by a cooling t connect 0 outl et of e ask(9),

and the r ' ek 9k [ C t ' .:.The

corrponenttg‘?gllflé]i Ege rf &écoveréggl%ltﬁgﬂiji}bgcllﬁsﬁg% haglt gxoﬁrg@% #‘ﬁ’% ﬁce?%)sﬁﬁ%emw 18

J UL 20 -gasal yzed by gas chromatography; and the results show that the
5

content o yrene nononers is as high as 95.0094 % and the contents of

| d | ,hi | | |

520172 and o Bt PETE CEf oY, b iaba OB PSSy RbnS R RS A £ o8O °°

| t f the. «apd _Fl 1 i |
oo S0 S RATRUABCEP 0B Yoo H, 18 oIy ¢ vl e
to t t while the liquid. i i stybl . the |iQquj
o e 5. A 06 O A A
t t 145.7 to 172.4,C, | | .d i
oo g A 22 o TR e N S SRR, P00
an experi n%"%l1 gevi cms shown in Fig. 5. To a flask (9) were |oaded 100 g
of pol yst%’&’@ FedYH arfd 20 g of calciumsulfate (CaS09), and a net plate

(19 ves ol acedat oo, REEL R LA 00, B St Bl 0 FRRETLS
to form aﬂe];slkl kfﬁ%ys %brsnta%rﬂ%ehelea%g r(li)lxzr)nile being mixed and stirred by stirring
blades (10); and the Liquid temperature was measured by a thermometer (14)
and the outlet temperature of thermally decomposed vapors was measured by
a thermometer (15). Here, a ribbon heater (not shown) was wound around
the outlet of the flask (9) so as to apply heat thereto. The heating process by
this ribbon heater was made so as to preliminarily heat the path from the
outlet of the flask to the cooling tube to not less than 145° C; thus, it became
possible to prevent the initially distilled portion of the vapor taken out from
the outlet of the flask from being liquefied and again dropping inside the flask
before reaching the cooling tube.
Thermally decomposed vapors generated in the flask were condensed
and liquefied by a cooling tube (12) connected to the outlet of the flask(9), and

the resulting liquid was collected into a collecting bin (13).
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This was subjected to a heating process by heating the inside of the flask
(9) by a mantl e heater (11) while being m xed and stirred by StiTﬂUQPZU

bl ades (10); and the liquid tenperature was neasured by a thernonet 914)
and the outlet tenperature of thermally deconposed vapors was neasured by a
t hernoneter (15). Here, a ribbon heater (not shown) was wound around the
outlet of the flask (9) so as to apply heat thereto in the sane nanner as
Exanple 2. 19 18 JUL 2002 Thermal |y deconposed vapors generated in the

flask were Condﬁw@(ﬁn?&%ﬂtis @ ¢hé eecdv¥ral Lgald ﬂlgtHeUélﬂleéﬂiﬁ? HBRNNSCkesk to the

outlet of the flask(9), and the resulting liquid was collected into a

col l'ecti ngh yzed b3)gasTEfroeRtBLRHYS d tHe rERARY ShEF fhiadUhd dohtédteof
collecting bin (13) were anal yzed by gas chronmat ography; and the results

show t hatst%f@lec%hﬁﬂiergfis SEWHiSRETORIBBY 3% fn@ThPicHtehts U -tolifdfie Un@nd the

contents of toluene and ethyl benzene, ich are | ow nol ecul ar conponents,

are as 'ﬁ?h??oe%zgﬁgwﬁ@hgre‘lﬂo%& OBIE&EBP%B%%Xnté"%&S’asFI'o@ 8@%_%955%%@8”

show ng e'results o e gas chromatography analyses, an shows

e C VALY A%, b e b A ORI IR AR LY BRS, e
vapor 1 o Sni b oAy Rvhy odhia TLCE L3R, BEytel Pl S E BRSO ng
orocess S YEHE ERE SRR ouO L [ol L ow g et oo
oaded 100 5 olpgl ARl G380 St R ARG EE) ,
(10 oo A% BERE e v BT, AL 8370 & Bt Y TPUhofil GobBobel U0%%°
(13) i P RneBRe it L0 BEROEP-chy 1 Tng o (7 Py | mmnE heate
(Example 3)

A thermal decomposing process of polystyrene resin was carried out
through the following method by using an experimental device as shown in
Fig. 5.

To a flask (9) were loaded 100 g of polystyrene resin and 20 g of
magnesium sulfate MgSO,) calcined at 800° C, and a net plate (16) was
placed at an upper position inside the flask (9), and Raschig rings of @5 mm,
made of ceramics, were put onto the net plate (16) so as to form a filled
substance layer (17). .

This was subjected to a heating process by heating the inside of the
flask (9) by a mantle heater (11) while being mixed and stirred by stirring
blades (10); and the liquid temperature was measured by a thermometer (14)
and the outlet temperature of thermally decomposed vapors was measured by
a thermometer (15). Here, a ribbon heater (not shown) was wound around

the outlet of the flask (9) so as to apply heat thereto in the same manner as
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bl ades (10); and the liquid tenperature was neasured by a thernoneter (14)
20 1 8J UL 2002 and the outlet tenperature of thermally decongposgd
vapors was nmeasur ed by a thernoneter (15). Here, a i~bbon heateg%( 2007
shown) was wound around the outlet of the flask (9) so as to apply heat
thereto in the sane manner as Exanple 2. Thermally deconposed vapors
generated in the flask were condensed and |liquefied by a cooling tube (12)
connected to the outlet of the flask(9), and the resulting liquid was

col | ect edisdarhple.col l ecting bin (13). The conponents of the recovered
liquid in the collecting bin (13) were anal yzed by gas chromat ography; and

the results Shqmetrhﬁgmfyt@&oﬁmus@atvagbrssg&i&@eemmﬂasksVeaeé cBh@énsd 90. 4612
% and the contents of toluene and et hyl benzene, which are | ow nol ecul ar

conponentapd B geffsd b)ﬁ‘é’c%]iﬁ W%#ﬂ)%ohn@&éﬁ tdothesnfet bV 8le/fladlgOf andl G 22
is a chart show ng the results of the gas chromat ography anal yses, and FI G

23 shows (AUTRXAGINGAL MG ddPhSedectdiBints StolIBc@he bite(@s chromat ogr aphy

anal yses. Here, wth respect to tenperatures while the liquid had being

distilled, th | NTane) cPRadid - |
d:aiolrrpoged va;e)cr)IiH t errlg%é at u?@ﬁg@%@g% toq%%l?l?é%. ° Ex&érﬁ'%:ggeh 5%3 ‘k&ﬁ\g?nay
q . ¢ - . :
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H)II(lzvvi ng me using an I ment evice as shown I'n
9 ‘ . : :
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15). Here, i 2

!Eﬁ%? ﬁ?s@ﬁ%ﬁﬁﬂ% genaRonuo PR efwaﬁef%%s-f | aéﬁl l(S) d a0 tﬁ}ﬁh Vheat
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(Example 4)

A thermal decomposing process of polystyrene resin was carried out
through the following method by using an experimental device as shown in
Fig. 5.

To a flask (9) were loaded 60 g of polystyrene resin and 15 g of sodium
sulfate (Na,SO,), and a net plate (16) was placed at an upper position inside
the flask (9), and Raschig rings of @5 mm, made of ceramics, were put onto
the net plate (16) so as to form a filled substance layer (17).

This was subjected to a heating process by heating the inside of the

flask (9) by a mantle heater (11) while being mixed and stirred by stirring
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anal yzed by gas chromat ography; and the results show that the content of

styrene nononers is as high as 90.8510 % and the contents of tolpﬁgggqmg
et hyl benzene, which are | ow nol ecul ar conponents, are as |low as 2.1073 and
0. 2313 % respectively. Here, 24 shows nuneric value data of the results of
t he gas chromat ography anal yses. Here, with respect to tenperatures while
the liquid had being distilled, the liquid tenperature was 250. Gto 301.3
C, and the thermal|ly deconposed vapor tenperature was 149.1 to 185.8 C. As

descri bedladav@p);t el thed igdid inpaaoyss wag nsdasuesd byentisifon é1ei(14)
pol ystyrene resins by using a catal yst of the present invention nmakes it

possi bl e gnd theCmBst teidpeeaiiofitherh &3¢ deddrhposeld JaporsRlRGHbaduredilgnt
conponents such as tol uene and et hyl benzene and a hi gh content of styrene

nmononer s f fRPnYAERet? (255.2iMekk, ah#iBHER HeAtdBlot ABeMMYAShd AU arotind ~ 8 JUL
200Z pol ystyrene resins. Mreover, the present nmethod nmakes it possible to

ther ol | %A ARHAUAK 1) R8sl Bdyily Heal UPAIBih bk Wl BIRETAL Ur €S

for a short time, and to reduce catal'yst costs; thus, it 1s possible to
pr ovi dem grononers Wi th high production efficiency. BRI EF DESCRI PTI ON
OF THE FIG 1 is a schematic view showi ng one exanple of a thernal

Secomest 10 MG Uy RSSO SR BN S0 BERE L
oresent NERLA B ool e PR ARLARR e A SEVIL Ra Sl
obt ai ned 44 rEéﬂﬁ%'g%&md was collected into a collecting bin (13).

The components of the recovered liquid in the collecting bin (13) were
analyzed by gas chromatography; and the results show that the content of
styrene monomers is as high as 89.4618 %, and the contents of toluene and
ethylbenzene, which are low-molecular components, are as low as 2.2737 %
and 5.4044% respectively. Here, FIG. 10 is a chart showing the results of the
gas chromatography analyses, and FIG. 11 shows numeric value data of the
results of the gas chromatography analyses.

Here, with respect to temperatures while the liquid had being distilled,

the liquid temperature was 286 to 328° C, and the thermally decomposed

vapor temperature was 210 to 234.6° C.

(Example 5)

A thermal decomposing process of polystyrene resin was carried out
through the following method by using an experimental device as shown in
Fig. 5.

To a flask (9) were loaded 80 g of polystyrene resin and 20 g of iron

sulfate (FeSO,), and a net plate (16) was placed at an upper position inside the
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FIG 4 shows nuneric data of the results of gas chromat ography anal yses on
distilled products (crude styrene nononers) obtained in Exanple 2. 5I§j @m
is a schematic view show ng one exanple of an experinental device & e H
Exanples 2 through 11 of the present invention. FIG 6 s a chart that shows
the results of gas chromat ography anal yses on distilled products (crude
styrene nononers) obtained in Exanple 2. FIG 7 shows nuneric val ue data of
the results of gas chronat ography anal yses on distilled products (crude

styrene k) San®Rachdrings BRa@BlAnd. made of ¢&raddes 200 Fhfonfdb tle @ chart
that shows the results of gas chromat ography anal yses on distilled products

(crude stydtg18tBYPEE a8 ko PhtndiaTaled Sulfan® Bysr (FHG 9 shows nuneric val ue
data of the results of gas chromat ography anal yses on distilled products

(crude styrene THREAERS ShbfeblcAl LS Hed tilREIRIcEssShy HeStinkOtHeSindi F8f thd hat
shows the results of gas ‘chromat ography ‘anal yses on di'stilled products

(crude st 4480 E) N AR N eORE b g 1) @rhﬁéaﬁ@hgarf}ueﬁ' &d%girf&?ﬁ?e%ﬂ‘ifﬁ{ ) ¢ val ue

data of the resu gas chromat'ography anal yses on di st product s

(o ude SHEEe M aAPLRY LR AYIRPelAuF IR fodasbl By Al 68 (14} N2t

shows the resu gas chromatograp anal yses on pro ts

(crude sty{£Af FRIA R Ierdbl A HaflelRafiy b Hiposed vapors was measured by

a thermometer (15). Here, a ribbon heater (not shown) was wound around
the outlet of the flask (9) so as to apply heat thereto in the same manner as
Example 2.

Thermally decomposed vapors generated in the flask were condensed
and liquefied by a cooling tube (12) connected to the outlet of the flask(9), and
the resulting liquid was collected into a collecting bin (13).

The components of the recovered liquid in the collecting bin (13) were
analyzed by gas chromatography; and the results show that the content of
styrene monomers is as high as 92.9584 %, and the contents of toluene and
ethylbenzene, which are low-molecular components, are as low as 2.5875 %
and 0.7139 % respectively. Here, FIG. 12 is a chart showing the results of the
gas chromatography analyses, and FIG. 13 shows numeric value data of the
results of the gas chromatography analyses.

Here, with respect to temperatures while the liquid had being distilled,
the liquid temperature was 192.0 to 306.5° C, and the thermally decomposed

vapor temperature was 157.7 to 261.4° C.

(Example 6)

A thermal decomposing process of polystyrene resin was carried out
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5. FIG 13 shows nuneric value data of the results of gas chromatography

anal yses
5. FIG

on distilled products (crude styrene nononers) obtai neghi/gléln | e

14 is a chart that shows the results of gas chronatogra

Ses

on distilled products (crude styrene nononers) obtained in Exanple G FIG
15 shows nuneric value data of the results of gas chromat ography anal yses
on distilled products (crude styrene nononers) obtained in Exanple G FI G

1Gis a

chart that shows the results of gas chromat ography 24 18 J

UlL

2002 analiy$@se1P h & ifslldwin@dmBEIRSH BY Sudif g UahCegi iR Bt AR §9 sRWAIfaed in

Exanpl e

7. FIG 17 shows nuneric value data of the results of gas

chr onmat og:rigpg_y anal yses on distilled products (crude styrene nononers)
obtained in Exanple 7. FIG 18 is a chart that shows the results of gas

chromat o
obt ai ned
gas chro
obt ai ned
chromat o
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were put onto the net plate (16) so as to form a filled substance layer (17).

This was subjected to a heating process by heating the inside of the
flask (9) by a mantle heater (11) while being mixed and stirred by stirring
blades (10); and the liquid temperature was measured by a thermometer (14)
and the outlet temperature of thermally decomposed vapors was measured by
a thermometer (15). Here, a ribbon heater (not shown) was wound around
the outlet of the flask (9) so as to apply heat thereto in the same manner as
Example 2.

Thermally decomposed vapors generated in the flask were condensed
and liquefied by a cooling tube (12) connected to the outlet of the flask(9), and
the resulting liquid was collected into a collecting bin (13).

The components of the recovered liquid in the collecting bin (13) were
analyzed by gas chromatography; and the results show that the content of
styrene monomers is as high as 96.6863 %, and the contents of toluene and
ethylbenzene, which are low-molecular components, are as low as 1.8501 %
and 0.3731 % respectively. Here, FIG. 14 is a chart showing the results of the
gas chromatography analyses, and FIG. 15 shows numeric value data of the
results of the gas chromatography analyses.

Here, with respect to temperatures while the liquid had being distilled,

the liquid temperature was 200.8 to 340.2° C, and the thermally decomposed
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9. FIG 21 shows nuneric value data of the results of gas chromatography
anal yses on distilled products (crude styrene nononers) obtained,i élﬁ>a<a | e
9. FIG 22 is a chart that shows the results of gas chromat ograpﬂﬁq mages
on distilled products (crude styrene nononers) obtained in Exanple 10. FIG
23 shows nuneric value data of the results of gas chromatography anal yses
on distilled products (crude styrene nononers) obtained in Exanple 10. FIG
24 is a chart that shows the results of gas chromatography anal yses on

di stil | edapopebiperdtaredassias £6£18®@A0NEr s) obtained in Exanple 25 18 J U
L 2002 m 26 18 J U 12002 CLAIMS What is clainmed is: 1. A nethod for
recovering styrene nononers fz~om a pol ystyrene resin by using a catal yst,
whi ch obtains the styrene nononers by thermally deconposing the pol ystyrene
resin, Wiegginpl@7pul fate is used as the catalyst. 2 . The nethod for
recovering styrene nononers froma polystyrene resin by using a catal yst

according 1o ClarkaNigloRihstle pRlebalod rlofydhy Beatesht Wl Enxida gl et hod

for recovering styrene nono roma polystyrene resin by using a

cat al yst di 1 3l I‘lf‘slf]"]til t.he j o menber
sel ected t?ir:dé%rht Hg‘géélg‘i}%l”?o’?s‘??é‘%%g 0 %aagln%)gl}gﬁ{n@ éﬁ?dflz(%egcesgglgh?néagu fate,
iron sul manganese sulfate, zinc sulfate, alum numsulfate, calcium

sul fate, "potassium sul fate and antinony sulfate. 4. The nethod for
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flask (9), and Raschig rings of ¢5 mm, made of ceramics, were put onto the

net plate (16) so as to form a filled substance layer (17).

This was subjected to a heating process by heating the inside of the
flask (9) by a mantle heater (11) while being mixed and stirred by stirring
blades (10); and the liquid temperature was measured by a thermometer (14)
and the outlet temperature of thermally decomposed vapors was measured by
a thermometer (15). Here, a ribbon heater (not shown) was wound around
the outlet of the flask (9) so as to apply heat thereto in the same manner as
Example 2.

Thermally decomposed vapors generated in the flask were condensed
and liquefied by a cooling tube (12) connected to the outlet of the flask(9), and
the resulting liquid was collected into a collecting bin (13).

The components of the recovered liquid in the collecting bin (13) were
analyzed by gas chromatography; and the results show that the content of
styrene monomers is as high as 92.1085 %, and the contents of toluene and
ethylbenzene, which are low-molecular components, are as low as 3.3474 %

and 0.8941 % respectively. Here, FIG. 16 is a chart showing the results of the
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aluminum sulfate (Al,(SO,) ), and a net plate (16) was placed at an upper
position inside the flask (9), and Raschig rings of ¢5 mm, made of ceramics,
were put onto the net plate (16) so as to form a filled substance layer (17).

This was subjected to a heating process by heating the inside of the
flask (9) by a mantle heater (11) while being mixed and stirred by stirring
blades (10); and the liquid temperature was measured by a thermometer (14)
and the outlet temperature of thermally decomposed vapors was measured by
a thermometer (15). Here, a ribbon heater (not shown) was wound around
the outlet of the flask (9) so as to apply heat thereto in the same manner as
Example 2.

Thermally decomposed vapors generated in the flask were condensed
and liquefied by a cooling tube (12) connected to the outlet of the flask(9), and
the resulting liquid was collected into a collecting bin (13).

The components of the recovered liquid in the collecting bin (13) were
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styrene monomers is as high as 95.0094 %, and the contents of toluene and
ethylbenzene, which are low-molecular components, are as low as 2.0112 %
and 0.9381 % respectively. Here, FIG. 18 is a chart showing the results of the
gas chromatography analyses, and FIG. 19 shows numeric value data of the
results of the gas chromatography analyses.
Here, with respect to temperatures while the liquid had being distilled,
the liquid temperature was 202.3 to 304.3° C, and the thermally decomposed

vapor temperature was 145.7 to 172.4° C.

(Example 9)

A thermal decomposing process of polystyrene resin was carried out
through the following method by using an experimental device as shown in
Fig. 5.

To a flask (9) were loaded 100 g of polystyrene resin and 20 g of
calcium sulfate (CaSQ,), and a net plate (16) was placed at an upper position
inside the flask (9), and Raschig rings of ¢5 mm, made of ceramics, were put
onto the net plate (16) so as to form a filled substance layer (17).

This was subjected to a heating process by heating the inside of the
flask (9) by a mantle heater (11) while being mixed and stirred by stirring
blades (10); and the liquid temperature was measured by a thermometer (14)
and the outlet temperature of thermally decomposed vapors was measured by
a thermometer (15). Here, a ribbon heater (not shown) was wound around
the outlet of the flask (9) so as to apply heat thereto in the same manner as

Example 2.
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The components of the recovered liquid in the collecting bin (13) were

analyzed by gas chromatography; and the results show that the content of

styrene monomers is as high as 94.3744 %, and the contents of toluene and

ethylbenzene, which are low-molecular components, are as low as 2.7867 %

and 0.4139 % respectively. Here, FIG. 20 is a chart showing the results of the

gas chromatography analyses, and FIG. 21 shows numeric value data of the

results of the gas chromatography analyses.
Here, with respect to temperatures while the liquid had being distilled,

the liquid temperature was 211.6 to 303.8° C, and the thermally decomposed

vapor temperature was 146.3 to 197.5° C.

(Example 10)

A thermal decomposing process of polystyrene resin was carried out
through the following method by using an experimental device as shown in
Fig. 5.

To a flask (9) were loaded 100 g of polystyrene resin and 20 g of
potassium sulfate (K,SO,), and a net plate (16) was placed at an upper
position inside the flask (9), and Raschig rings of ¢5 mm, made of ceramics,
were put onto the net plate (16) so as to form a filled substance layer (17).

This was subjected to a heating process by heating the inside of the
flask (9) by a mantle heater (11) while being mixed and stirred by stirring

blades (10); and the liquid temperature was measured by a thermometer (14)
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Example 2.

Thermally decomposed vapors generated in the flask were condensed
and liquefied by a cooling tube (12) connected to the outlet of the flask(9), and
the resulting liquid was collected into a collecting bin (13).

The components of the recovered liquid in the collecting bin (13) were
analyzed by gas chromatography; and the results show that the content of
styrene monomers is as high as 90.4612 %, and the contents of toluene and
ethylbenzene, which are low-molecular components, are as low as 2.5724 %
and 1.3448 % respectively. Here, FIG. 22 is a chart showing the results of the
gas chromatography analyses, and FIG. 23 shows numeric value data of the
results of the gas chromatography analyses.

Here, with respect to temperatures while the liquid had being distilled,
the liquid temperature was 301.3 to 350.6° C, and the thermally decomposed

vapor temperature was 148.6 to 178.7° C.

(Example 11)

A thermal decomposing process of polystyrene resin was carried out
through the following method by using an experimental device as shown in
Fig. 5.

To a flask (9) were loaded 50 g of polystyrene resin and 10 g of
antimony sulfate (Sb,(SO,) ,), and a net plate (16) was placed at an upper

position inside the flask (9), and Raschig rings of ¢5 mm, made of ceramics,
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'L, 1 10%940 49 Cl@), and the liquid temperature was measured by a the1momete1 (14)
and the outlet temperature of thermally decomposed vapors was measured by
a thermometer (15). Here, a ribbon heater (not shown) was wound around
the outlet of the flask (9) so as to apply heat thereto in the same manner as
Example 2.

Thermally decomposed vapors generated in the flask were condensed
and liquefied by a cooling tube (12) connected to the outlet of the flask(9), and
the resulting liquid was collected into a collecting bin (13).

The components of the recovered liquid in the collecting bin (13) were
analyzed by gas chromatography; and the results show that the content of
styrene monomers is as high as 90.8510 %, and the contents of toluene and
ethylbenzene, which are low-molecular components, are as low as 2.1073 %
and 0.2313 % respectively. Here, 24 shows numeric value data of the results
of the gas chromatography analyses.

Here, with respect to temperatures while the liquid had being distilled,
the liquid temperature was 250.6 to 301.3° C, and the thermally decomposed
vapor temperature was 149.1 to 185.8° C.

As described above, the method for recovering styrene monomers from
polystyrene resins by using a catalyst of the present invention makes it
possible to recover oil containing less ratio of low molecular weight

components such as toluene and ethylbenzene and a high content of styrene

monomers from vapors obtained through thermal decomposition of
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time, and to reduce catalyst costs; thus, it is possible to provide styrene

monomers with high production efficiency.

1 IPT N

FIG. 1 is a schematic view showing one example of a thermal

decomposing device used in the present invention.

FIG. 2 is a schematic view showing one example of an experimental

device used in Example 1 of the present invention.

FIG. 3 is a chart that shows the results of gas chromatography

analyses on distilled products (crude styrene monomers) obtained in Example

1.

FIG. 4 shows numeric data of the results of gas chromatography

analyses on distilled products (crude styrene monomers) obtained in Example

2.

FIG. 5 is a schematic view showing one example of an experimental

device used in Examples 2 through 11 of the present invention.

FIG. 6 s a chart that shows the results of gas chrom

atography

analyses on distilled products (crude styrene monomers) obtained in Example

2.

FIG. 7 shows numeric value data of the results of gas chromatography

analyses on distilled products (crude styrene monomers) obtained in Example

2.
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FIG. 9 shows numeric value data of the results of gas chromatography
analyses on distilled products (crude styrene monomers) obtained in Example
3.

FIG. 10 is a chart that shows the results of gas chromatography
analyses on distilled products (crude styrene monomers) obtained in Example
4.

FIG. 11 shows numeric value data of the results of gas
chromatography analyses on distilled products (crude styrene monomers)
obtained in Example 4.

FIG. 12 is a chart that shows the results of gas chromatography
analyses on distilled products (crude styrene monomers) obtained in Example
5.

FIG. 13 shows numeric value data of the results of gas
chromatography analyses on distilled products (crude styreme monomers)
obtained in Example 5.

FIG. 14 is a chart that shows the results of gas chromatography
analyses on distilled products (crude styrene monomers) obtained in Example
6.

FIG. 15 shows numeric value data of the results of gas
chromatography analyses on distilled products (crude styrene monomers)

obtained in Example 6.

FIG. 16 is a chart that shows the results of gas chromatography
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obtained in Example 7.

FIG. 18 is a chart that shows the results of gas chromatography
analyses on distilled products (crude styrene monomers) obtained in Example
8.

FIG. 19 shows numeric value data of the results of gas
chromatography analyses on distilled products (crude styrene monomers)
obtained in Example 8.

FIG. 20 is a chart that shows the results of gas chromatography
analyses on distilled products (crude styrene monomers) obtained in Example
9.

FIG. 21 shows numeric value data of the results of gas
chromatography analyses on distilled products (crude styrene monomers)
obtained in Example 9.

FIG. 22 is a chart that shows the results of gas chromatography
analyses on distilled products (crude styrene monomers) obtained in Example
10.

FIG. 23 shows numeric value data of the results of gas
chromatography analyses on distilled products (crude styrene monomers)
obtained in Example 10.

FIG. 24 is a chart that shows the results of gas chromatography

analyses on distilled products (crude styrene monomers) obtained in Example
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CLAIMS

What is claimed is:

1. A method for recovering styrene monomers from a polystyrene resin
by using a catalyst, which obtains the styrene monomers by thermally
decomposing the polystyrene resin, wherein a sulfate is used as the catalyst.
2. The method for recovering styrene monomers from a polystyrene resin
by using a catalyst according to claim 1, wherein the sulfate is a metal sulfate.
3. The method for recovering styrene monomers from a polystyrene resin
by using a catalyst according to claim 1, wherein the sulfate is at least one
member selected from the group consisting of magnesium sulfate, sodium
sulfate, iron sulfate, manganese sulfate, zinc sulfate, aluminum sulfate,
calcium sulfate, potassium sulfate and antimony sulfate.

4. The method for recovering styrene monomers from a polystyrene resin
by using a catalyst according to claims 1, wherein the heating temperature of

the polystyrene resin is set to not more than 350° C.
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