TI TLE OF THE | NVENTI ON DECOVPOSI TI ON METHOD OF WASTE
PLASTI CS AND ORGANI CS, DECOWPGCSI TI ON APPARATUS, AND
DECOVPCSI TI ON SYSTEM Field of the Invention [0001]

The present invention relates to a deconposition

met hod of waste plastics, organics, and particularly

nmedi cal waste conposed of various plastics and

organi cs and infectious nedical waste, nore

speciifi oal Iryrt anarEhiTgton ef fi ci ent deconposi tion net hod

of waste plastics and organics by optim zing

r espesrioge Taondi WE ONSD ofOF dBROMBOSP IADNI (et Boid 0ORGANICS,
wast e plastics and organics. Further, the present

| DEENMPOIS ITal0at S HARAANVS , appar ailEOMHFOSITION SYSTEM
catalyst-circul ation type for deconposing waste
plFastlidc o famdheorlgamnds,orand to a system thereof at high

ef ficiency. The deconposition apparatus further

i 1€0@des a neans for separating and recovering netals
and inorganics which are mxed in the waste plastics

or whi chhar eresgpdr -ideposited velather éd to @aecodrpssinion
portion of the waste plastics. This application

chgitiedt hetf pmiasrtiet yebfisJapanese diatent Appl iearfoaularly
No. 2006- 297194 No. 2006- 115920, No. 2006- 115925 and

NB 20071016987 COoREICaceto BatkyrdtmB LeF titké 3my endagn cs and

[ 0002] Recently, there have been proposed vari ous ,
mebh68s 1ops medical waste, more specifically to a high

efficient decomposition method of waste plastics and
organics by optimizing respective conditions of
decomposition method of waste plastics and organics.

Further, the present invention relates to an
apparatus of catalyst-circulation type for decomposing
waste plastics and organics, and to a system thereof at high
efficiency. The decomposition apparatus further includes
a means for separating and recovering metals and inorganics
which are mixed in the waste plastics or which are
vapor-deposited or adhered to at least a portion of the
waste plastics.

This application claims the priority of Japanese
Patent Application No.2006-297194 No.2006-115920,
No.2006-115925 and No0.2007-016087.

Related Background of the Invention

[0002]

Recently, there have been proposed various methods



of treating and recycling waste plastics, and a part
thereof are practically enployed. As a useful nethod

of recycling and reusing such waste plastics, there

is proposed a nethod and apparatus for gasifying the
waste plastics by heating chips of the waste plastics

in the presence of a deconposition catalyst of
titani um oxi de known as a photocatal yst under

| brfaght & t g ahdutd ¢ @yl Dh@tvalsitght 1a £ Ref ef ramiga e Rat BBteo f
Docunments 1, 2). Further, catal ysts used for
decenposttionllyeaipesyed of Ahe wasiel pleastdd s fcheépgcling
have been variously studied (Patent Docunments 3 to

5hnd] 6003] nJ hercdevanpesp 14 oni @ppatatres 1 Bsh g d ded abogehod
deconposition nethod of waste plastics, however,
cannotppeoadust fef fgas ehylimeddnpoesiticoplibsddatomebty béating
waste plastics, and requires large treatnent cost and

| ahges appardhes.waelre harlagteics helit r ddtereptresfermast ef  a
contai ning polyvinylchloride is known to generate
hydrogenseilion deatgagsstAlsh, tihenivgat pepteofkiTafh oms a
X is known to generate toxic hydrogen fluoride gas.
ThRéotpeatment tof URABSe Kitridlabioyasds bBécspwsogaet light
probl em [0004] Organics such as plastics are

di(REIL@UIE NP0 L Ot Fa@dtinig Posmfirscarldi ng + hem

Incineration treatnment of themraises a danger of

gener at fRTEBX cC3bb5Y ahe e FUdh TadclPBRPAS FLPPakT PREment

pi eces often contain nmetals such as al um num 2 ,
of the waste plastics chips have been variously studied

(Patent Documents 3 to 5).
[0003]

The decomposition apparatus using the above
decomposition method of waste plastics, however, cannot
conduct efficient decomposition treatment of waste
plastics, and requires large treatment cost and large
apparatus. Furthermore, the treatment of waste containing
polyvinylchloride is known to generate hydrogen chloride
gas. Also, the treatment of Teflon® is known to generate
toxic hydrogen fluoride gas. The treatment of those kinds
of gases becomes a problem.

[0004]

Organics such as plastics are difficult for treating
on discarding them. Incineration treatment of them raises
a danger of generating toxic substances such as dioxins.

Plastics pieces often containmetals such as aluminum



and copper, and inorganics, and have netal s
vapor - deposited or adhered to the surface of

pl astics, depending on the uses of the plastics. If
those plastics pieces are incinerated, toxic gases
may be generated or the incineration furnace may be
damaged. Accordingly, organics such as plastics pieces

are treated bylandfilling in sone cases. As plastics,
hawev@sppet haydaie ndn tes prposedt & mettha sov ophe-déPosited
addition, the availability of landfill sites has

becomh elirdd itouthe suvAlftdmaugh dihettel & e deivededhadabltée uses
pl astics, they have drawbacks of taking a |ong period

ob ftilme puatsitli cishey I arteho kepdapased piwkcof ameethofnarated,
very |large area for biodegradation. Furthernore,

r cusabl gapetalsy bar genaetakd, cantdhenonganecst ioxreturnace
the waste plastics and organics cannot be separated

t hervebromprage@d.-hey are sinply landfilled or

i ncinerated together with the waste plastics and

or gani c8ccpo00BY 1 Yhere Jexiists sactormem ianal cpriotesss are
for deconmposing organics utilizing a catalyst, as

i trastedtied lieadfild.1 128 1n fogsr drAGSt 0 M@l@ﬁutanmghowever,
process, organics such as plastics are crushed into
gFQﬁMlé§elﬁ05 grgenersedl inafe ghennthe ERugpeytion, the
organics are charged into a reactor 102 in drum
sﬁgﬁélapﬁélﬁéac@gr]IﬂgﬁﬁdﬁtaﬁﬁFﬁé datal PSCogeantt e5icult.
I n_advance. After that itation_blades 103 are
r@%é@@&g'|ntQ%%eré%%%oPlQ%QQFédéﬁﬂﬁaﬂél%%%;%%taFﬁ%ﬁ’ have

with the organi
drawbacks %% ilng a long period of time until they are

decomposed and of need of a very large area for
biodegradation. Furthermore, reusable metals, rare
metals, and inorganics mixed in the waste plastics and
organics cannot be separated therefrom, and they are simply
landfilled or incinerated together with the waste plastics
and organics.

[0005]

There exists a conventional process for decomposing
organics utilizing a catalyst, as illustrated in Fig. 23.
According to the existing process, organics such as
plastics are crushed into granules in a crusher 101, and
then the crushed organics are charged into a reactor 102
in drum shape, the reactor 102 containing catalyst granules
in advance. After that, agitation blades 103 are rotated

in the reactor 102 to agitate the catalyst with the organics,



whi |l e supplying hot air into the reactor 102 using an
air-supply blower 104. The work of the catal yst

enhances the deconposition of the organics, thus the
organics are gasified. A though the catalyst is left
behind in the reactor 102, the gasified organics pass

t hrough a separator 106 consisting mainly of cyclone
dust collector, and only water vapor and carbon

divexiide A 8nirtd eflot oaat-naspherenhasrthetoexharstufgasy an
By above gasification of the organics charged into

t herreagbary h03wenreW 0L garth€ vcatk aif amubktalyst enhances
corresponding to the anmobunt of gasified organics can
béhechHargadotattibe péacher otf2nither ebhysathewbngathes are
above process to continuously operate w thout

I pherrfapti.on. [ 0006] Above exi sting deconposition

appar atus, however, cannot conduct efficient

t r eat neht thonglbethaposti agywaste 1 gitaseihcnd andthe reactor
requires |large treatnent cost and |arge apparatus.
FdPEhether gastiie e eatareritc oframst e romtlai ai prgparator 106
pol yvi nyl chloride is known to generate hydrogen
chPesilge I ngasa andy Wit Fpgénnechpounds lechogddrnd omly Heter
treatment of Teflon(r) is known to generate toxic
hyaPegennf| carpee ¢ee<ldqHere rdHt tor aftRes@kirgdgs the
of gases beconmes a problem  [0007] Regarding the
pFE&VeRtitore of §%ﬁéﬁ@3?y94%#%kﬁ@?ﬂ$ﬂl@id%@ﬁoﬁﬁanlcs charged

i nfectious nedi cal waste discharged from 4
into the reactor 102, new “oOrganics at an amount

corresponding to the amount of gasified organics can be
charged to the reactor 102, thereby allowing the above
process to continuously operate without interruption.
[0006]

Above existing decomposition apparatus, however,
cannot conduct efficient treatment for decomposing waste
plastics, and requires large treatment cost and large
apparatus.

Furthermore, the treatment of waste containing
polyvinylchloride is known to generate hydrogen chloride
gas and nitrogen compounds. In addition, the treatment of
Teflon® is known to generate toxic hydrogen fluoride gas.
The treatment of those kinds of gases becomes a problem.
[0007]

Regarding the prevention of secondary infection

caused by infectious medical waste discharged from



hospitals, dialysis facilities, and the like, a

gui deline specifying the treatnent nethod of that

kind of waste was issued fromthe Mnistry of Health

and Wl fare on Novenber 7, 1989, and was enforced on
April 1, 1990. The guideline orders the hospitals,
dialysis facilities, and the like to conduct in-house

or on-site sterilization of the nedical waste, in
phoRelipkes,| Aikhiysisegacrdliithese disdwad ed ddhea quideline
devel opment of a deconposition nethod for waste
pkasticy,inignthar tresataentthethof ect itdust rEdicalf waste was
cont ai ni ng pol yvinylchloride, applicable in hospitals

ot seluedi €somatfled Wiwiitdtout odisiagl thaamge Wedaleaere on November
apparatus. [Patent Docunent 1] Japanese Pat ent

Agpl 1289 omd lved <deQfemrcNo. 02002k 863337 ¥at efihe guideline
Docunent 2] Japanese Patent Application Laid-Cpen No.
2004182887 {Paticre 1 Dociments i3] fdapanesesPatedtthe like to
Application Laid-Open No. 2005-066433 [ Patent

Docurientt 4h-Daparese PateateAppbircatizenionapd- Chennpdical
2005- 205312 [Patent Docunent 5] Japanese Patent

Appbit€at iionPrigicddsen No. 2005- 307007 SUMMARY OF THE

| NVENTI ON [ Probl ens to be Sol ved by the Invention]

[0008] Ih bRderredasdti Shgrehesatevecfefifrepeatepmgpt of

object 5 , . .
a decomposition method for waste plastics, 1n particular

the infectious medical waste containingpolyvinylchloride,
applicable in hospitals or clinics safely without using
large scale apparatus.

[Patent Document 1] Japanese Patent Application
Laid-Open No. 2002-363337

[Patent Document 2] Japanese Patent Application
Laid-Open No. 2004-182837

[Patent Document 3] Japanese Patent Application
Laid-Open No. 2005-066433

[Patent Document 4] Japanese Patent Application
Laid-Open No. 2005-205312

[Patent Document 5] Japanese Patent Application
Laid-Open No. 2005-307007

SUMMARY OF THE INVENTION

[Problems to be Solved by the Invention]
[0008]

In order to satisfy the above requirements, an object



of the present invention is to provide a nethod of
efficiently deconposing waste plastics and organics,
particul arly nedi cal waste conposed of varieties of
pl astics, biological substances such as bl ood, and
plastics wth adhered biol ogi cal substances. Further,
another object is to provide a deconposition nethod
whi ch can renmove HC generated during deconposition
obfchtios i pe-dpasad ipkasties suehtas pebyvusylL£hherinde, of
sul fur compounds and nitrogen conmpounds gener ated
derifngidecanpodetbopoefingbiwd ©ge call asasitces andld organics,
varieties of nedical waste plastics; hydrogen
f baortide lgeier ahediduaii nga steconposidson off fhudeitnes of
conmpounds such as Teflon x, and the |ike. [0009]
Fedtkén csl, argel por ¢ bisubfs tiamduyst suah awalst eodnangdphgstics
nmedi cal waste is occupied by plastics, organics, and
t wethl iddhemhe hastegaksd comafdscasum dumtthtsm fahasher
vapor - deposi ted on inner face of packages, and syringe
needkes. 1T hoseroret & ¢ depwimpo$ ht L hie megdstovh évlerraaf remove
the entire organics are gasified. If the netals are
aHGmi n@ﬂmeaﬁaegheiumkra ceromnesus- isger affi ophbprine-based
deconposition while alumnumand the |ike remainin
i RIERE lc6agti6n ﬁﬁdﬁ@é§VlVVééhée§léﬁvdaﬂﬂéﬁroﬁoﬁpaﬁﬁ gnernd
and the like, which results in difficulty in
r@é?épﬂﬁ@-tﬁ%m%PHﬁﬁﬁung%ﬁﬁF%¥ﬁﬁw|QH§Jf¥f ﬁﬁéoﬁﬁﬁﬁétlon of
ggeratlon IS stopped to successively take out the
989§99F8%1Wﬁét?e%%@éﬁ“%?ﬁﬁ%%égf8€d&§P&n§a6Fe plastics;

organt cs belg able to_be, decqrRased Wthina, i oion of
fluorine compounds such as Teflon®, and the like.
[0009]

Further, large portion of industrial waste including
medical waste is occupied by plastics, organics, and the
like. The waste also contains aluminum thin films
vapor-deposited on inner face of packages, and syringe
needles. Those metals remain in the reactor even after the
entire organics are gasified. If the metals are aluminum
and the like, continuous operation of decomposition while
aluminum and the like remaining in the reactor induces
vigorous oxidation of aluminum and the like, which results
in difficulty in recycling the aluminum and the like.

If the above operation is stopped to successively take
out the metals from the reactor, the mass or volume of

organics being able to be decomposed within a specified



period of time, (hereinafter referred to as the

"t hroughput"), becones small. If the netals are to be
separated outside the reactor, the catal yst

tenperature at the activation tenperature becones | ow

at every catalyst-takeout cycle, which needs

reheating, thereby wasting the thernmal energy. In a
conventional deconposition apparatus, the catalyst
Wakeeholds pawder etk and (estéigdrtsrdi seddeddn thoutas the
recycling to the reactor. The reason is that, if the
cadtakpsiyhipsiti™ ,amappraxi smd el Si zef r ange nfetemsl dx» 3to be
mm flow of catal yst occurs in entire zone in the

r eapban t calcconpade echeMreh cttbe , r ohatdadre ofstt hemperature at
agitation blades, and that the powdered catal yst,
howevergctlisvadi fdn cubtempertitowe ambomsedi f flowul tatt o every
mx wth the waste plastics and organics. The probl em
hicaderlysthé akealvg upy ©fer eatioh becalsserdlmmting, thereby
phenonenon becones significant with the increase in

t e s tamourh eoft heatally sinegecumul ated in the reactor,

and further hinders the increase in the throughput

To recover FretsnysfyGmngalst eegloaisdd iamd @p@ama@slsr the
contai ning the nmetal s including alum num and coppe
sGéﬁala§t§M¢¥%¢JﬁbP@W@@ﬁﬁééﬁvéem&ﬁﬁﬁéUﬁs@%ﬁ@@fq%§“chOUt
them _carbonization treatnent or the like is _applied.
USECHFrlandvdcuurt freFERRGOFUr ndde FwEVRer 1Si hérddasest the
the cost for metal recovery. The nelting treatnent to
tﬁét§I§§Flé§ lBléBe%pB%P699é§etﬁézﬁeFépge WRPEh1f 5P| ¢ m™m

t%lg%pgxsrcatgfysgugkg gegﬁlsengire zone 1in the reactor
accompanied with the rotation of the agitation blades, and
that the powdered catalyst, however, is difficult to flow,
and is difficult tomix with the waste plastics and organics.
The problem hinders the scale up of reactor because the
phenomenon becomes significant with the increase in the
amount of catalyst accumulated in the reactor, and further
hinders the increase in the throughput.

To recover metals from waste plastics and organics
containing the metals including aluminum and copper, such
as silver foil composite, without oxidizing themn,
carbonization treatment or the like is applied. Use of a
vacuum melting furnace, however, increases the cost for
metal recovery. The melting treatment to the plastics
pilieces oxidizes the metals, which fails to recover high

purity metals.



Furthernore, there is a problemto hinder the

practical application of deconposition apparatus. The
problemis the treatnent of: HCO generated during
deconposition of chlorine-based plastics such as

pol yvi nyl chl ori de; sulfur conpounds and nitrogen
conpounds generated during deconposition of

bi ol ogi cal waste and varieties of nedical waste

pl asti csurbydragen,f | uoside i geaerpiedl g4r it hinder the
deconposition of fluorine conpounds such as Tefl on
apdaot-hen 1s uistilancesi orTher eHerempble thes efdpd ravemnd | onThe
has been derived to solve the above probl ens, and an
objrebtleaf tihe phesenteaineentiof:i SHCD pgenédetad during
apparatus and a systemfor deconposing a | arge anount
oflewasipe spitasti csoand chrlganines-baefdd ci ehébyiwhi | such as
el ongating the catalyst life. Another object of the
ppedent niydgddoironis;sst of pr ovinge ural decdmidsiddegncompounds
apparatus and a deconposition systemfor separating
aggnegededr idvy imet alscemed of tipor ganids liaviaalprivcelss and
of circulating and/or agitating catalyst. A further
obpsdetafrst ind predemli Neehti pAais itce/ pProvigeem fluoride
deconposition apparatus and a deconposition system

f GENELERBEICNGL T HOP ReerRe 2dt Har i My fdecsnpesrempauss such
chlorine-bgsed plastics such as polyvinylchloride;

sabkf defleanpoands odhe nistosgém csspounds gener at ed

during deconposition of biological waste and ,

vari et i €8BI RERY cHll® RiEstSE HIAIENEL O hyaF difir derived to

fluoride_generated durjn dec ositi.on of fluorine
co gﬁn&§ 5 H¥§%%ﬁ%§);aa ggnsgbject of the present

invention is to provide an apparatus and a system for
decomposing a large amount of waste plastics and organics
efficiently while elongating the catalyst life.

Another object of the present invention is to provide
a decomposition apparatus and a decomposition system for
separating and recovering metals and/or inorganics in a
process of circulating and/or agitating catalyst.

A further object of the present invention is to
provide a decomposition apparatus and a decomposition
system for removing: HC1l generated during decomposition of
chlorine-based plastics such as polyvinylchloride; sulfur
compounds and nitrogen compounds generated during
decomposition of biological waste and varieties of medical
waste plastics; hydrogen fluoride generated during

decomposition of fluorine compounds such as Teflon®; and



ot her substances. [Means for Sol ving the Probl ens]

[0010] As a result of the intensive study to achieve

the aforenentioned objects, the present inventors
established a method of efficiently deconposing waste

pl astics, organics, and particularly nmedical waste
mai nl y conposed of varieties of plastics by

optim zing conditions in a deconposition process and

i Bthedueiung tanpieecess of adsorbi ng and renovi ng
generated harnful gases. Furthernore the present

I nveather Soestabliishedha rappdratals of

catal yst-circul ation type for deconposing waste

pliastliogs and organics, and to a systemthereof. Thus

the present invention perfected. [0011] Nanely, the
present Aenuentisonti & faghfeolimiwsisivie K wbconposchiene the
nmet hod of waste plastics and organics by gasifying

t hgowmses tploastd ebsJandtortlor garises\t theemsbhedestablished
conprising the process of heating and agitating the
wasteethbdstdics edifd/grerdgriganides onpgestiner weshea plastics,
catal yst conmposed of titanium oxide granules in which

t R&Jaeticge Phgredréntulps lyi nadigmlioXpdés WheRéyncoheosed
heating tenperature of the catalyst is wthin the

r aRg& gL 4AGE tof 5B L 2Cs ThE @@Eempdsing ciPifethistns 1n a
according to preceding clause 1, wherein the titanium
oLEHEMBP SR uRrekicde grPaAul é8CrREVEERe fol PERFRGS ©F

characteristics: ,
adsorbing and removing generated harmful gases.

Furthermore the present inventors established a
apparatus of catalyst-circulation type for decomposing
waste plastics and organics, and to a system thereof.

Thus the present invention perfected.

[0011]

Namely, the present invention is as follows:

“1. A decomposition method of waste plastics and organics
by gasifying the waste plastics and/or organics, the method
comprising the process of heating and agitating the waste
plastics and/or organics together with a catalyst composed
of titanium oxide granules in which the active ingredient
is titanium oxide, wherein the heating temperature of the
catalyst is within the range of 420°C to 560°C.

2. The decomposition method according to preceding clause
1, wherein the titanium oxide of titanium oxide granules

have the following characteristics:



(1) the specific surface area from35 to 50 m/g; and

(2) the granule size of 3.5 nesh (5.60 nm or snaller.

3. The deconposition nethod according to preceding

clause 1 or 2, wherein a treatnent anmount of the

waste plastics and/or organics per hour with respect

to 100 kg of the titaniumoxide granules is 3.0 to

40.0 kg. 4. The deconposition nethod according to any
one)of tpeegpdtngiel ausesct teed, firwid ey COmY inBi/RY and
lime neutralization treatnment process. 5. The
deconposhti gnanel bodiaecordbng hesanyso0nae ofh) or smaller.
preceding clauses 1 to 4, further conprising an

oxi.dah & afe caap @t yist ot mesithmehta qarcockeissy t6. pTheeding clause
deconposition nethod according to preceding clause 5,

f dr bhhek, cehpresnng ancatuwanhaapataktyst theavaeneé plastics
process before the oxidation catalyst treatnent

prodéss. ofgaThe sdavonposit i ehtherhegeatcdodi iy tloy amy the
one of preceding clauses 1 to 6, further conprising

t hetphaovesoxige gepaydtdson <of3 rettal st G/ lor -

i norgani cs. 8. An apparatus of catalyst-circulation

t ype T dgcovmpssitigmaseehpiasidesr & ottganieg, one of
conprising: (1) a neans for treating waste plastics .
aRgc6rganidcss landes (2) honeans THEENEreat Py bXi@at iconlime
catal yst. 9. The apparatus for deconposi ng waste

pP&sfired 1&A¢ 108 damicdEeadc s AGRF Y0 precedi ng cl ause

8, wherein the nmeans for treating waste plastics and
oPgant 8 PRECIRES. td FealEbPOothi T LT €d attes &y one of

catal yst in the reactor; 0 . , ,
prec%ding c&auses f to 4, %urther comprising an oxidation

catalyst treatment process.

6. The decomposition method according to preceding clause
5, further comprising an alumina catalyst treatment process
before the oxidation catalyst treatment process.

7. The decomposition method according to any one of
preceding clauses 1 to 6, further comprising the process
of separation of metals and/or inorganics.

8. An apparatus of catalyst-circulation type for
decomposing waste plastics and organics, comprising:

(1) a means for treating waste plastics and organics, and
(2) a means for treating oxidation catalyst.

9. The apparatus for decomposing waste plastics and
organics according to preceding clause 8, wherein the means
for treating waste plastics and organics includes:

a reactor which circulates a catalyst in the reactor;

10



and a neans for circulating and/or agitating waste

pl astics and/or organics, charged froma charge

opening of the reactor, together with the catal yst,

(a circulation and/or agitation neans), the waste

pl astics and/ or organics being gasified in the step

of circulating the waste plastics and/or organics
together with the catalyst in the reactor. 10. The

appar ates nfsof o feaMasi hihgvastigopl 851 t £51 @dtha gD E81ics
according to preceding clause 9, wherein the

cehaubat iyand/or aghtatdoriveans tsavbge obpeidmhe of the
screw feeders which have spiral blades nounted to the

r espetbirvetogotiaey wihaf taerod bt edsby theirespedtiorneand/or
drive sources, the rotary shafts being inserted into

t hgiteadbor mekhs)The apparatus for deconposing waste

pl astics and organics according to precedi ng cl ause

10, whetkenvadiee e stscrewnfiéedersganect deatrerd gagsified in
substantially horizontal position in the reactor, and

t heer otapicoh céfr e ting sbeeve s feaderss icis enlddpesorfienics
wast e plastics and/or organics together with the
carakryseri iwithe theacrdr Isifdstignttite 15243 0hori zont al
direction. 12. The apparatus for deconposi ng waste
pﬂ&sti@@eaﬁapaéﬁéﬁﬁicgo%c@@ﬁ@W@@ﬁﬁﬁﬁw@%%H?n@hﬂ%ﬁkﬁ? and
9, wherein the nmeans for treating waste plastics and
oPGERMNES S| MIUUIESENA FealrSrCarhinch ¢t#eefafes wrerein the
catal yst fromupstream, end to downstreamend in the

r 622408 PEGY &G GY ITEanST M EH i cutat @ MakeesScrew

| astics and/or organics charged 11
pfeeders W Qch.havézspiral g?ages mounted to the respective

rotary shafts rotated by the respective drive sources, the
rotary shafts being inserted into the reactor.
11. The apparatus for decomposing waste plastics and
organics according to preceding clause 10, wherein the two
screw feeders are located in substantially horizontal
position in the reactor, and the rotation of the two screw
feeders circulates the waste plastics and/or organics
together with the catalyst in the reactor substantially in
horizontal direction.
12. The apparatus for decomposing waste plastics and
organics according to preceding clause 9, wherein the means
for treating waste plastics and organics includes:

a reactor which circulates a catalyst from upstream
end to downstream end in the reactor; a circulation means

which circulates waste plastics and/or organics charged

11



froma charge opening of the reactor together with the
catal yst fromthe upstreamend to the downstream end;

an agitation neans which agitates the catal yst and

the waste plastics and/or organics in the reactor;

and a returning passage which guides the catalyst
fromthe downstreamend to the upstreamend in the
reactor, the waste plastics and/or organics being

gasbhi ed diurddeosdepn®f o€l raul aldarg drheompastreer with the
pl astics and/or organics together with the catal yst

f ramatibe tupsbmeanmeengstectheendownstheasvendtirsatnhend; an
reactor. 13. The apparatus for deconposi nhg waste

pbastiats candeaosgani cs agtoadéngHeo qutededingnel abhsewaste
12, wherein the reactor is divided into a first stage

t ank sliavisngntifer opgbtneam endfhandeacsecondnsgt ageetanking
havi ng the downstream end and bei ng | ocated at higher
posissiegr vhanhtleipesithemratofl fit dircst afpe tankstream end
thereby the catal yst being guided from the downstream
efid ithet hessecand estdage: ttditk Hasta-athe ret urni ng

passage to flow down to the upstreamend in the first

st age t AhR.wagte PHesdpyar andd of op r diele bapdxst iy wastidied in
pl astics and organics according to preceding clause
12hewherRint Ch& CUdpstingahieith and Ptlive tdenshAéam eRganics
in the reactor are |ocated substantially in
h&PE2GREAl “Pédi tHhéh Catfdney G datt afystraftepnd to the
slidin% down fromthe downstreamend by the self

WEPYRE LHEPRG S§Gi ded Hht & St A%t ur ni ng” passage, and

then flowing up to the upstreamend. 12
1%. The a%pagatus §grpdecompo;1ng waste plastics and

organics according to preceding clause 12, wherein the
reactor is divided into a first stage tank having the
upstream end, and a second stage tank having the downstream
end and being located at higher position than the position
of first stage tank, thereby the catalyst being guided from
the downstream end in the second stage tank into the
returning passage to flow down to the upstream end in the
first stage tank.

14. The apparatus for decomposing waste plastics and
organics according to preceding clause 12, wherein the
upstream end and the downstream end in the reactor are
located substantially in horizontal position, thereby the
catalyst after sliding down from the downstream end by the
self weight being guided into the returning passage, and

then flowing up to the upstream end.
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15. The apparatus for deconposi ng waste plastics and
organi cs according to any one of preceding clauses 12

to 14, wherein the circulation nmeans is a screw

feeder which has a spiral blade nounted to a rotary
shaft rotated by a drive source, the rotary shaft

being inserted into the reactor. 16. The apparatus

for deconposing waste plastics and organics according

t asprecesli agpelratse 16 r wilerenpolsie g spasab Bllade ikas and
an auxiliary blade. 17. The apparatus for deconposing
wastanplkasticesranthg apganiycsnacear gdikagetionpr ecedsng 12 to
clause 9, wherein the neans for treating waste

plldst wosrand ohganicsulacl atessams rieact screhi €heder which
circulates a catalyst fromupstream end to downstream
ehdsi o sheragédetlade mowaged whn ¢h rearar pediafitomotthéed by a
wast e plastics and/or organics in the reactor; and a

r dramei rpUuassage:asvhirechaygui desfthéedatal iysteftragin iteo the
downstream end to the upstreamend in the reactor, the
waseetplrasti cs and/ or organics in the cage being
contacting wwth the catal yst and further bein

gasi-f igee | arrenetssepfof decppiong H0E r'éas aei ma)a&tﬁéts and
catalyst fromthe wupstreamend to the downstream end

i ATEREIFEactCEICr AgY THe Bpparding ForUS€cdmposigrein the
wast e plastics and organics according to any one of
pEeéédiing lertguses ¢t WA L 1afher®idfid he reactor can
sugply a carrier gas froma plurality of holes opened

on 't hel ot EBREGE tfe TeacfsFoT@oSddtd yWiat® tHestics and

catalyst in a uniformy distributed 1
orga¥1slcs accordllng to greceding clause %, wherein the means

for treating waste plastics and organics includes:

a reactor which circulates a catalyst from upstream
end to downstream end in the reactor; a cage which can
position the waste plastics and/or organics in the reactor;
and a returning passage which guides the catalyst from the
downstream end to the upstream end in the reactor,

the waste plastics and/or organics in the cage being
contacting with the catalyst and further being gasified in
the step of dropping (circulating) the catalyst from the
upstream end to the downstream end in the reactor.

18. The apparatus for decomposing waste plastics and
organics according to any one of preceding clauses 9 to 17,
wherein the reactor can supply a carrier gas from a
plurality of holes opened on the bottom of the reactor

directly into the catalyst in a uniformly distributed

13



manner. 19. The apparatus for deconposi nhg waste

pl astics and organics according to any one of

precedi ng clauses 9 to 18, wherein the step of
circulation in the reactor has a nmeans for separating
and recovering netals and/or inorganics. 20. The
apparatus for deconposi ng waste plastics and organics
according to preceding clause 19, wherein the neans

f eansepar ati ng and recovering netals and/ or

inorganics is a neans for separating the catal yst from
alom xthe e apbatrhe usast €r pldasbimg® samdy ova ot gamilestand and
the catalyst in the step of circulation in the

r eagtar cs2dccdheéinppar athysofiero lecenpasinngchastses 9 to 18,
pl astics and organics according to precedi ng cl ause
20hewkenetnet dieep nefas ricorl agepar ati nige tther clatalhyst a means
froma mxture of the waste plastics and/or organics
afdrt Bepeakdliyst ansl aarsares irfomeseplar atridvpt henoregah scs .
and/ or inorganics fromthe catalyst based on the size
diff. erBmeearherebaisween: 22coTive sapparatssef grlastics and
deconposi ng waste plastics and organics according to
pPECEAIRG clcaipselizy Whepepfcthed meansef o sepmagimgthe
the nmetals and/or inorganics fromthe catalyst based
oficERe sifP& disferenddd herebet iREV s st @l |8t alsj eged/or
whi ch allows the catalyst to pass therethrough in the
steprerndicectPati BR2NA tRE PBRRFBF1NI3thTheahppdpat Gsom 2
for deconposi ng waste plastics and 9rganics accordi ng

t BLERY 6N fof Lt eWedithg Rl HUSESS 8210/ 2D, OrParther Hys the

one or nore of the follow ans: 14
catalyst ?n the step of é%%ggiation in the reactor.

21. The apparatus for decomposing waste plastics and
organics according to preceding clause 20, wherein the
means for separating the catalyst from a mixture of the
waste plastics and/or organics and the catalyst is a means
for separating the metals and/or inorganics from the
catalyst based on the size difference therebetween.

22. The apparatus for decomposing waste plastics and
organics according to preceding clause 21, wherein the
means for separating the metals and/or inorganics from the
catalyst basedon the size difference therebetween installs
a sieve which allows the catalyst to pass therethrough in
the step of circulation in the reactor.

23. The apparatus for decomposing waste plastics and
organics according to any one of preceding clauses 8 to 22,

further has one or more of the following means:

14



(1) alum na catal yst treatnment neans (2) crushing
means (3) carrier gas supply neans (4) cycl one dust
col l ection nmeans (5) dust collection nmeans with bag
filter (6) heat exchange neans (7) preheater neans
(8) exhaust bl ower neans (9) cooling neans (10) heat
recovery neans (11) HC continuous neasurenent neans
(12) CO continuous measurenent neans (13) al arm neans
(14) |ipeunedhr ahkzatyken tireeat@@nt meeans. 24. A
deconposition systemfor waste plastics and organics
using aorappanagt msaher deconposi ng waste plastics and
organi cs according to any one of preceding clauses 8
td323, ctheiebygdecenposdivngebhe waste pl astics and
organics while controlling the heating tenperature of
t Hé)cat abysbne donposed letttichamieamsoxi de granul es in
which the active ingredient is titaniumoxide, within
t H&)r andesbf cd20€ctoon588Ens2%1tThéadedomiesi ti on
system according to preceding clause 24, wherein the
tilbani uheexi decasnuhemgeticve i ngredient is titani um
oxi de have characteristics of: (1) the specific

sur'f acerarkaafesningdneo 50 m/g; and 15

(8) exhaust blower means
(9) cooling means
(10) heat recovery means

(11) HC1l continuous measurement means

(12) CO continuous measurement means
(13) alarm means
(14) lime neutralization treatment means.

24. A decomposition system for waste plastics and organics

using an apparatus for decomposing waste plastics and

organics according to any one of preceding clauses 8 to 23,

thereby decomposing the waste plastics and organics while

controlling the heating temperature of the catalyst,

composed of titanium oxide granules in which the active

ingredient is titanium oxide, within the range of 420°C to

560°cC.

25. The decomposition system according to preceding clause

24, wherein the titanium oxide as the active ingredient is

titanium oxide have characteristics of:

(1) the specific surface area from 35 to 50 m“/g; and

15



(2) the granule size of 3.5 nesh (5.60 mm or smaller.

26. The deconposition system according to preceding

cl ause 25, wherein the titanium oxide granules are a

m xture of titanium oxide as the activate ingredient

and any one of below (1) and (2): (1) al um num oxide,
and (2) silicon oxide. " [Effects of the Invention]
[0012] According to a deconposition nethod of the

priesent thenyeahi108, st her ercansbgekheatedoehh) chenthyller.
waste plastics, organics, and particularly nedical

wast. eTiconpesethofi t ival setites, ofcprashiycsy phiealeadgingatlause
subst ances such as bl ood, and plastics with adhered

b6l ogheakisaubstantceésnibur bhérde grhenéeceanrbeaeasktyre of
treated plastics which generate HC, hydrogen

f tuoendem sulifler acompeundsivaitr oggnedorpaunds, angndne of
the |i ke during deconposition process, organics,
bellogi dal) subst@ices such as bl ood, and fluorine
conmpounds generating hydrogen fluoride. [0013]

Adéor di agunontiheodedenpesidt i on apparatus and the
deconposition system of the present invention, the

suppl y setifen aikidreaf’ed by the heating neans into

the reactor in which the catalyst is circulating can
hé&ff feré scattaltyist yenHerdct i vati on tenperature. Once
the catalyst is heated, the deconposition heat of
wasté2pl astics and organics can 16

According to a decomposition method of the present
invention, there canbe treatedefficientlywasteplastics,
organics, and particularly medical waste composed of
varieties of plastics, biological substances such as blood,
and plastics with adhered biological substances. Further,
there can be easily treated plastics which generate HCI,
hydrogen fluoride, sulfur compounds, nitrogen compounds,
and the 1like during decomposition process, organics,
biological substances such as blood, and fluorine compounds
generating hydrogen fluoride.

[0013]

According to the decomposition apparatus and the
decomposition system of the present invention, the supply
of hot air heated by the heating means into the reactor in
which the catalyst is circulating can heat the catalyst to
the activation temperature. Once the catalyst is heated,

the decomposition heat of waste plastics and organics can
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be utilized to maintain the optinum activation
tenperature of the catalyst in the reactor, and can
suppress the energy supply from outside, thereby
all ow ng effective use of thermal energy. Wen the

wast e plastics and organics are charged from the

charge opening of the reactor, the waste plastics and
organics are circulated in the reactor together with

t be ueal atysttPyaanebhioutiad ioptinRanscthifatthios Sé@Perature
since the waste plastics and organics are agitated by

ap fagh ¢ atd terl yamransthogetdwromi bhdt ben catigdyesds thikeenergy
contact between the catalyst and the waste plastics
andpofigarfires: isutrepdat edherthus akéepiing tdfef edenisid yuood of
catal yst and waste plastics and organics constant,

t herceby lerhamciyng t he efficient deconposition based

on the catalyst action. As a result, the waste

pl ast i c8handlor gasitesp thar ged drbarvheichar ge cheparichgromn
of the reactor are gasified until they make about a

r shrdchendgecipeniagi ©h)thia nase raacttére. WAlster nagstelyg, and
a cage containing the waste plastics and organics is
phagediichs ekhe Feactéptebuinngheheegréprofogeahrirngithethe
catal yst down fromthe upstreamend to the downstream
eﬁétﬁﬁYﬁﬁebwe@c@b¥§U¥@héo%tmﬁﬁ%ﬁ-ciﬁﬁnﬂhdﬁiéﬁﬁpr fhace the
wast e plastics and/ or organics are brought into , ,
cUAfAEt Pl@SthCFhaneaPaPyst CSandcarel§asrri 8Y. arnaghFation
case, above-described agitation neans for the waste
plgsftcsodRbResr gahi st sidat 3 hes lwattdisy sP1ite Ghopetween the

requi red. The catal yst keeps circulating i.n the
rg%é@&ygt igg the wdste Siéétics and org%nics is repeated,

thus keeping the density of catalyst and waste plastics and
organics constant, thereby enhancing the efficient
decomposition based on the catalyst action. As a result,
the waste plastics and organics charged from the charge
opening of the reactor are gasified until they make about
a round (one circulation) in the reactor.

Alternatively, a cage containing the waste plastics
and organics is placed in the reactor. During the step of
falling the catalyst down from the upstream end to the
downstream end in the reactor, (the step of circulation),
the waste plastics and/or organics are brought into contact
with the catalyst, and are gasified. In this case,
above-described agitation means for the waste plastics and
organics with the catalyst is not required.

The catalyst keeps circulating in the reactor.
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According to an enbodi nent of Exanple 9 descri bed

bel ow, the catalyst circulates horizontally in the
reactor. According to another enbodi nent of Exanpl es

10 to 12, the <catalyst once travels fromthe upstream
end to the downstreamend in the reactor, which is

then guided by the returning passage to return to the
upstreamend in the reactor, thus circulating in the

r gacbedingonsegueshbydinthe edat Bkysplkeepseetrevkat bslow,
in the reactor. Wien additional waste plastics and
orgeni cstar gscharigedi liatas t heriveatanlyt hey ame reactor.
efficiently gasified by the action of catalyst
CRrculrdtinggtbnatbehe eacthiosdiecoraf Mxdmptdwe 10 to 12, the
enbodi nent of Exanples 9 to 11, the organics which
ocetipy yslie dacge tportelon diromasteepl@ssicsamarghd to the
organics are gasified during the step of circulating

t Hevnastreapl astli ts tdred reegdnircswhoget hertivin lyutimked by the
catalyst in the reactor by the circulation neans. The
meeabsnand CaseregEnites hekedni hot hbewastsd slaasténd amdthe
organics are, however, left in the catalyst. Since

t Hesetrer alfbuangircidprganidcénafbeseparaped apensequently,
recovered by the nmeans for separating and recovering
metgl SCH 0T | Kergani €St ¢l a hend stidp ofe cifrédtatti-ng When
the waste plastics and organics together with the
cataiydonatheaet aitlalss 14N Aot gE €3S éaf Cher fagenmto the
out fromthe catal yst, The deconposition_apparatus and

t RECSepar &ticon 2§ st eht thelh bt Br €2suppres P Hdre action of
oxida&ion of. metals and inorganics w thout |eaving

| 56 ARuAtS SO et § Tard'® TEactor

According to the embodiment of Examples 9 to 11, the
organics which occupy the large portion of waste plastics
and organics are gasified during the step of circulating
the waste plastics and organics together with the catalyst
in the reactor by the circulation means. The metals and
inorganics mixed in the waste plastics and organics are,
however, left in the catalyst. $Since these metals and
inorganics are separated and recovered by the means for
separating and recovering metals and/or inorganics in the
step of circulating the waste plastics and organics
together with the catalyst, thesemetals and inorganics can
be taken out from the catalyst.

The decomposition apparatus and the separation
system therefore suppress the oxidation of metals and

inorganics without leaving large amounts of metals and
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inorganics in the reactor, and achieve the recycle of
nmetals and inorganics. Furthernore, since there is no
need to stop operation of the circul ati on means and

the agitation nmeans during the separation and

recovery of netals by the neans for separating and
recovering the netals and/or inorganics, the

t hroughput of the waste plastics and organi cs can
mMahBtabniashi ghhkevedctdn, addi dé0nevened assityeng hbeals
metal s and inorganics by the separation and recovery
meagsinotdwiecds s Mmurmeed iaropsnntbeche@act emo neetier etop
is no need of taking out the catalyst fromthe
depempasiohi ofi @ppariatud a ttiorsepanat &nd heharepal-satand means
i norganics. Therefore, the thermal efficiency of the
deconpostheopeappar abusamdtd ¢ dreve deconpesialisobysysteneans
can maintain a high Ievel. According to the

déoonpasitd bin@apparat asver ithehedaeoaposind/or systeamics,
of the present invention, they conprise a neans for

t feat ity coxdidatt onf cabal yststandlaprefer abldy dugahiers can
conprise a lime neutralization nmeans. Consequent|

t ReynEannconduct hisgrelef f ilel ekl traat remtclofs Wagtleg the
pl astics, organics, in particular industrial waste
stiehaas w%aﬁ@mr%%@m@s@Mﬁﬁvséapéﬁa@appéﬁwé§aﬂ©veryH@ansr
pl astics, biological substances such as bl ood, and
p¢§§FﬁcéﬁMWWPe%%h%?éﬁxﬁi&hﬂyﬁ%ﬂc%ﬂ%sﬁéhéé§re is no need
Furt herpore, they can _easily conduct the treatnent of
pP§S¥@%%n%ﬁ¥%ht@%ﬁ%ﬁ%ﬂ%¥%@jﬁromﬁﬁﬁ?é&@ﬁmppﬁéﬁﬁ&%lapparatus

sul fur conpou nltr en compounds,., and the
diPi r?&pc?é GEIIB?I § par6t %Pd%ﬂﬂr%fscs of TIHi ot %ﬁ%al the
s%gstan uch as bl ! d of fluorine 19

erma 1c1ency e} t ecomposition apparatus and the

decomposition system can maintain a high level.
According to the decomposition apparatus or the
decomposition system of the present invention, they
comprise a means for treating oxidation catalyst, and
preferably further comprise a lime neutralization means.
Consequently, they can conduct high efficiency treatment
of wasteplastics, organics, inparticular industrial waste
such as medical waste composed of varieties of plastics,
biological substances such as blood, and plastics with
adhered biological substances. Furthermore, they can
easily conduct the treatment of plastics which generate HC1,
hydrogen fluoride, sulfur compounds, nitrogen compounds,
and the like during decomposition step, of organics, of

biological substances such as blood, and of fluorine
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conmpounds generating hydrogen fluoride. DESCRI PTION

OF THE PREFERRED EMBODI MENTS [0014] The "heating
tenperature of the catalyst"” according to the present

i nvention needs at |east 300C or above and 600C or

bel ow, preferably 350C or above, nore preferably from
420C to 560C, still preferably from450C to 530C, and
nost preferably about 4800C. The heating tenperature

I sohbeuedialgysie riaenper atuegdm e reactor to bring

the catalyst and the waste plastics and/or organics

I DEQCRE&CITIOON OCOIMTAIE! IPRELFERRED SMBEDRENTS enper at ur e

to keep the set tenperature of catalyst. That s,
evenlvhen the set tenperature is 480C, the range of
fluctuation of the catalyst tenperature in the reactor
beconesThbolte 00§ riomtdres Sete taehpéreatatelyst” according
Furthernore, at a certain position in the reactor,

t he teapereatente imaerbeiconeckidghet beasowerOtharr theve and
specifically preferred "heating tenperature of

caballyset bagfo herpfeseml vi AVENti on adependingecopreherably
shape and size of the reactor. Since, however, the
caramys20is tixdlCat BiiglincrhgereheyorrommMyp °C to 530°C,
requirement is for the nost art of the catalyst to
maiAt 8P Tt RE chsrebgrefedcatl ¢ &iedti ng tenperature of
catalyst. In the exanples, the heating tenperatures of
the cafafystehave BEEGTER At ous!Sy t8cudpredl YAs gemperature

result, the optinmm heating tenperature for waste ,
ppgs?¢%§quyor1x)br1ng1jmacatalystand1jnawastep&astlcs

and/or organics into reaction condition, and is the set
temperature to keep the set temperature of catalyst. That
is, even when the set temperature is 480°C, the range of
fluctuation of the catalyst temperature in the reactor
becomes about +30°C from the set temperature.

Furthermore, at a certain position in the reactor,
the temperature may become higher or lower than the
specifically preferred "heating temperature of catalyst”
of the present invention depending on the shape and size
of the reactor. Since, however, the catalyst is
circulating in the reactor, only requirement is for the most
part of the catalyst tomaintain the more preferable heating
Lemperature of catalyst.

In the examples, the heating temperatures of the
catalyst have been variously studied. As a result, the

optimum heating temperature for waste plastics
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deconposition has been set. [0015] The catal yst of

the present invention is preferably the one nmade by
titani um oxi de granules containing titanium oxide as

the active ingredient. The catal yst conposed of

titani umoxide granules is not only the titani um oxide
granul es made only of titanium oxide as the active

i ngredi ent, but also includes granules of a m xture of

t deaphpdsaxiide Walsh ater] @ast. one of al um num oxi de and
silicon oxide, (hereinafter also referred to as the
"fliobasilum oxi de m xture"). As already known, since the
titani um oxi de has a function of photocatal yst, the
deconposhti ont @f ywasi e Plasgtriecenandnorganiots iaspngfanybly
of above catal ysts nmay be conducted, as needed, by

I thadia¢ magle by ghttarsipecokidaldnanuadicahitigning titanium
ultraviolet light, while heating and agitating the
cakalgst sande tdet Wwastiopiasitdncs. dhg opgadives. composed of
However, for the case of deconposition of single
atttiitehe usf oxdrdeetdesnpfenass enplastilys tdvd torlgamies, oxide
or deconposition of varieties of materials containing

t Hspnulsel i dadei quiy of céhtanaing ¢eid¢s agf the active
inorganics, the irradiation of ultraviolet |ight
adhgeees ety t eitefd exd 1RClEEe s IEGRNPREEt icdala mixture of
application. To this point, deconposition nethod
ahdl6f1iRe C*déonpost tFbnl 89St ePfor tnasitEn gl tpesde and
and _organi cs, according to the present invention

aPloWs OPheCHeeB oSt o a ofemastle pl astPEsedndtc as the

organi cs at hi efficiency without 2
"%?tan?um oxide mixturghy. As a reagy known, since the

titanium oxide has a function of photocatalyst, the
decomposition of waste plastics and organics using any of
above catalysts may be conducted, as needed, by irradiating
light, specifically irradiating ultraviolet light, while
heating and agitating the catalyst and the waste plastics
and organics. However, for the case of decomposition of
single article of varieties of waste plastics and organics,
or decomposition of varieties of materials containing their
solid, liguid, or containing metals or inorganics, the
irradiation of ultraviolet light achieves little effect in
terms of practical application.

To this point, decomposition method and/or the
decomposition system for waste plastics and organics
according to the present invention allows the decomposition

of waste plastics and organics at high efficiency without
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applying light irradiation by the use of a suitable
deconposition apparatus, by the optim zation of
deconposition condition, and by the use of suitable

catal yst. [0016] The titani um oxide granules are
manufactured by drying a sol of titaniumoxide to a

gel of titaniumoxide, firing the gel in a

tenperature range from 450C to 8500C, and then

capphivig gandi gigge-itreatiiatg drhebf/i riagk pueduct £ Ehesuitable
granul es of a mxture of titanium oxide are
maeubagbyied onby abrbngtand driyy ng tthe sebtafitiattdminum of
oxi de and at |east one sol of alum na sol and silica
sdkcbopprsépdba acgeditionj ngand hédygethien wsd enger atuteble
range from 450C to 850C, and then crushing and
edgeéatliyedt.i ng the fired product. The used titanium
oxide is preferably an anatase-type titanium oxide.

[ 0007 1The shape of the titani um oxide granul es used

in the deconposition nethod or deconposition system

for wasfTke plidstriigsn apdidegammaesllgscordengarofidugured by
present invention is 3.5 nmesh (5.60 mm) or snaller,

afd ypref erabl yw I ¢ ivesh um ex70enhp drosimelfl €L tappipe oxide,
preferably, the shape of the titanium oxide granules
béﬂéﬂ@QUE%ei%ﬁ¥ﬂ@hﬁSt@@pﬁﬁﬁFérflbaTgﬁqf%ﬁmf%%hﬂ%ﬁ9085oocr
mmto 15011M In detail, a percentage of the titanium
ogp@éﬂgﬁéﬁgp@@lh@gﬂﬂiedge—treatlng he fired product. The

granules of a mixture of titanium oxide are manufactured
by mixing and drying the sol of titanium oxide and at least
one sol of alumina sol andsilica sol toprepareagel, firing
the gel in a temperature range from 450°C to 850°C, and then
crushing and edge-treating the fired product. The used
titanium oxide is preferably an anatase-type titanium
oxide.

[0017]

The shape of the titanium oxide granules used in the
decomposition method or decomposition system for waste
plastics and organics according to the present invention
is 3.5 mesh (5.60 mm) or smaller, and preferably 10 mesh
(1.70 mm) or smaller.

More preferably, the shape of the titanium oxide
granules before use is from 5.60mm to 110 ugm, or from 3.50
mm to 150 um.

Indetail, apercentage of the titaniumoxide granules
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havi ng shape of 0.1 mm or above is preferably, from

0.1 mm or above to 5.60mmor smaller is nore

preferably, 90'x; or above(referring to fig.13 and

14). A preferred shape of the titanium oxide granules

or the granules of m xture of titaniumoxide in the
conventi onal deconposition nmethod or deconposition
system for waste plastics is the one having a
paetiiekesBhge ofiGlr hubiroabdie W Gt d e pergertrage 00fl mm
particles having 0.5 to 1.18 mmin size is 50 to 95":
byrwabght, tand.them pereealage 0t parti ckeschawing 202 or
1.18 to 1.7 mmin size is 5 to 50'x, by weight, and
havorg (2eFe%riong Itess iaf. labraasi dntrate; and nore
preferably the one having a particle size

di stri batpoafenrati €hepde patcentidage iofn partiecbesnules or
having 0.5 to 1.18 nmin size is 60 to 90% by wei ght,
afiiet hgrapedeent age vfixparti cbés hatengum. 18xtdel. Inmthe
insizeis 10 to 40%%b by wei ght, and having 1. 0%% or

| essveftabnadi daconapelt Honwavethod lvg dppbipablié iohapgsten
of the titanium oxide granules used in the

déesnpesittd oplaethed drs detonposi thanngysgt emftgicle size
wast e pl astics and organics according to the present
iﬁvéﬁﬁﬂéﬁtﬂ§nwﬂaeWééCgotaebpéégeﬁﬁﬁgé péybritifécs having
limtation of shape and particle size of the titanium
oXi-de togrlarifl &8t whi chl fr éSaclepfed dn Rihe'abdve 2and the
conventional nethod owng to the optim zation of the
cBRACENGAS CaRd/ BAT tdEe6RposivEran tappar-at bs /i 0t hB S1ze 1S
d %gg% %Q&hggg%%gss%%dgﬁgggﬁhésg%g%ﬁl%g% é Eﬁyy;g?on.rate;

and more preferably the one having a particle size
distribution in which the percentage of particles having
0.5 to 1.18 mm in size is 60 to 90% by weight, and the
percentage of particles having 1.18 to 1.7 mm in size is
10 to 40% by weight, and having 1.0% or less of abrasion
rate.

However, the applicable shape of the titanium oxide
granules used in the decomposition method or decomposition
system for waste plastics and organics according to the
present invention is widened to a broad range beyond the
limitation of shape and particle size of the titanium oxide
granules which were accepted in the above conventional
method owing to the optimization of the conditions and/or
decomposition apparatus in the decomposition process. As

a result, the titanium oxide granules having sizes not
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applicable in the conventional nethod can be used, and
the sinplification of process and nmanufacturing

nmet hod of nmanufacturing titanium oxide is attained.
However, naturally the above conventional granul es

are sufficiently applicable for deconposing the waste

pl astics and organics. [0018] As descri bed above, the
"catal yst conposed of titanium oxide granul es”
aegpndica® 1k01 i heh Preeserdn d et et hodschhebd idsadd uBnd the
oxi de granul es or granules of a mxture of titanium
oxiide,] ilfave tsbapest obr3dchbspesind Smefufartarispallethod of
preferably 10 nmesh (1.70 mm) or snaller, and have
2n@hufercturessy, tpremenabloxitld ior dEessinad. abrasi on

rate after edge-treatnment. As a result, the present

i nvent i Bowalkowsnatwastélpl akti glsoaadconganttsnad peanules
deconposed at high efficiency over a | ong period of

t bre o iGinigenithey above<desder ifbed datahypstinp0dls] waste
The nmet hod to manufacture the granul es having above
skhapetiissnendspeciatiical-ly |imted. For exanple, as

descri bed above, the granul es having the above shape
mayO0lge prepared by firing gel, crushing the fired
product, and edge-treating the crushed product,

f ol | owedSbylRF@BEPEYi MPOsi igisi eves eharitngcPReosed of
respective nesh sizes) , or after edge-treatnent, ,
clFasSPLyIMr 1 SC AERNME SN adeetiated $ioZel3e PrgggsIt 1nvention

obt ai ni ng. t he granul es havi ng above shafe. 24 ,
1s the titanium oxlde granules or granules of a mixture of

titanium oxide, have shapes of 3.5 mesh (5.60 mm) or smaller,
preferably 10 mesh (1.70 mm) or smaller, and have 2.0% or
less, preferably 1.0% or less, of abrasion rate after
edge-treatment. As a result, the present invention allows
waste plastics and organics to be decomposed at high
efficiency over a long period of time by using the
above-described catalyst.

[0019]

The method to manufacture the granules having above
shape 1is not specifically limited. For example, as
described above, the granules having the above shape may
be prepared by firing gel, crushing the fired product, and
edge-treating the crushed product, followed by classifying
(using sieves having the respective mesh sizes), or after
edge-treatment, classifying to mix to an adequate sizes,

thus obtaining the granules having above shape.
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[ 0020] Anong the titanium oxides prepared by varieties

of nmethods, the titanium oxide prepared by drying a

sol of titaniumoxide to a gel of titanium oxide,

which gel is then fired at tenperatures in a range
from450C to 850C, as described above, provides
excel l ent performance as the deconposition catalyst

for waste plastics. As crushed state, however, the
capabyst is easily abraded to generate fine powder,

thus increasing the I oss. [0021] To this point,

accordi pgoho the ptesentimi oxedtkoprepthedcbyushedicties of
fired-gel of titaniumoxide is subjected to

edgehbrieat it ttid gprieir mxatd [yrepdmdate sharpg a sol of
corners, thus significantly reducing the abrasion

r atie anAsimaox edalltto, a ddile owWast eapl astaxxisiggndhocgame ts s then
can be deconposed at high efficiency, and al so the
catakysttkeepperesupeef enabl eanghapeonod i it apn8HABC, as
hi gh catal yst efficiency over a long period of tine.
Theseffiberd iabdite sainevides hexcatlabpst pegdposedofas the
granul es of a mixture of titanium oxide. That type of
edgecnpestifart (% teolitiict 8dr byyaster rdeaiplds - drushraghed
a gel of titaniumoxide or a gel mxture of the ge

of LeitRanh Qe BR T det th @ 2a Iveds i SopesS gbY a8Tr alashitRadahgrate
silica, which crushed product is then treated by a

r SLPPn§ CVgfanultRtiSor PapParsaties MHi cP§%: known as a

granul ator. The apparatus is, however, not limted to
tﬂ@oﬁéﬂling granul ati on apparatus. 25

To this point, according to the present invention,
the crushed fired-gel of titanium oxide is subjected to
edge-treatment to preliminarily eliminate sharp corners,
thus significantly reducing the abrasion rate. As a result,
the waste plastics and organics can be decomposed at high
efficiency, and also the catalyst keeps its preferable
shape to maintain the high catalyst efficiency over a long
period of time. The effect is the same to the catalyst
composed of granules of a mixture of titanium oxide. That
type of edge-treatment is conducted by, for example,
crushing a gel of titanium oxide or a gel mixture of the
gel of titanium oxide and at least one gel of alumina and
silica, which crushed product is then treated by a rolling
granulation apparatus which is known as a granulator. The
apparatus 1is, however, not limited to the rolling

granulation apparatus.
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[0022] The abrasion rate of the titanium oxide

granules of the present invention is determ ned by

the following nethod. The determi nation is given by

the abrasion rate tester illustrated in Fig. 1. The

abrasion rate tester is conposed of a sanple vessel

201 having 63 mmin inner dianeter and 86 mmin

dept h, equi pped with an agitator 202. The agitator

2020has three-piece agitation blades 204 in elliptical

shape each having 20 mmin length, attached to the

| ower &nd piorisoonofatde Shafd thady 203 oati dentesvialles of

of 60 extending in the radial direction fromthe

shaktt drosye203invEhe iagi t At i drthlradeddcbineshebyfdblowing

fromthe horizontal direction, while positioning the

| owehoolst edge thereof at 8 mm above the bottom of

the sanpl e vessel. [0023] The procedure for

det er m Bhagatre abrasionisatieraf bytthe thraai ommiadeester

granules is the followng. A 150 nL of titanium oxide

granukés aitsdreasined by The2@or atlaeasurd hgsteylisnderposed

the weight is recorded, and then all the weighed

cOnt én@aﬁﬂ]@l@h‘é@@%@ll%@b hep Sl | @ yesdal inaprefliameter and

agltatl ng the content by the agitator at 300 rpm for
OrfiTh deder &l 4 eqftuﬁ@p@éﬂn‘t’éﬁ]ﬂ drsagakancsutf4 r oirchaegitator

le vessel, and is on a sieve having 0.5 mm of

06@ RG-S W%@l%%a@%é@a?h@n siledesi §%|Jgrhe%llil'ﬁ*élcal

abra3|on rate A of the sanple i s defined as =

(WHARP ?a%Oh@%mg wHeFB thelSPESDt hatsanpre t?6the lower

end portion of the shaft body 203 at intervals of 60°
extending in the radial direction from the shaft body 203.
The agitation blade inclines by 45° from the horizontal
direction, while positioning the lowermost edge thereof at
8 mm above the bottom of the sample vessel.

[0023]

The procedure for determining the abrasion rate of
the titanium oxide granules is the following. A 150 mL of
titanium oxide granules is measured by a 200 mL measuring
cylinder, the weight is recorded, and then all the weighed
content is charged into a sample vessel. After agitating
the content by the agitator at 300 rpm for 30 minutes, all
the content is taken out from the sample vessel, and is put
on a sieve having 0.5 mm of opening. The sample passed the
sieve is weighed. The abrasion rate A of the sample is

defined as A = (W/Wy) x 100 (%), where the W is the sample
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wei ght passed the 0.5 nm opening sieve, and W is the
sanple weight for the neasurenent. [0024] The

“catal yst conposed of the titanium oxide granules”
according to the present invention has the specific
surface area of titanium oxide as the active

ingredient of 30 mM/g or nore, preferably in a range
from 33 to 65 m/g, and nore preferably from35 to 50
N%kdghAl 58sset herspecihh opsuwifraceiarea @id W taNitd sample
oxi de as the active ingredient before use is
pwefighablfy rf rom 3 asmresthant/g. Larger specific

surface area increases nore the contact area with the
waspe4pl asti cs, and increases the deconposition
efficiency. However, excessively large specific
surfaceTheea“detetyoerat esmbhechHeabfr eshst anceanand oxide
likely collapsing the granule to | ead to powderi ng.
Theametlked ofcdet@rndy nittg the specichitc suvéateoanr éems the
of the catal yst conposed of titanium oxide granules
canegdé i ckrownf amt hedsa Adorig tdielsen nexhdds ast Hdre active
present invention uses the BET nethod, which is
déseriendenePéws P nndet &1 mor[eoozg]efﬁar@bemmeﬁh@ange from
determ nes _the specific surface area of sanple by

bPEnEP i Fol @c Aes RaF RGSACKABWY BBt itenc0 m™/g. Also,
occupying area to be adsorbed onto the surface of
péﬁée?peﬁé?ﬁpc?%gféﬁel@ﬁ%@do%ﬁ¥ﬁﬁﬁéﬂﬂ%éﬁﬁé*hﬁ@réheaﬁatlve
t he adsorbed_ anount is neasured to obtain t
sﬁ@@F@ﬁée§Gr#§€€I§?é§e'ﬁﬁa&ﬁ%ﬁﬁﬁﬁ 1%v€ﬁ?moﬁ5a88p?§ m’/g.

the specific surface _ 27
Larger specific surface area increases more the contact

area with the waste plastics, and 1increases the
decomposition efficiency. However, excessively large
specific surface area deteriorates the heat resistance, and
likely collapsing the granule to lead to powdering.

The method of determining the specific surface area
of the catalyst composed of titanium oxide granules can use
known methods. Among these methods, the present invention
uses the BET method, which is described below in detail.
[0025]

The BET method determines the specific surface area
of sample by bringing molecules having a known adsorption
occupying area to be adsorbed onto the surface of powder
particles at liquid nitrogen temperature, and the adsorbed
amount is measured to obtain the specific surface area.

The present invention adopts the specific surface
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area neter Model 2300 Automatic Testing Apparatus

(manuf actured by Shimadzu Corporation). [0026] The
“cat al yst conposed of titanium oxide granul es”

according to the present invention has the m cropore
volume of the titanium oxide as the active ingredient

in arange from00.05 cc/g to 0.70 cc/g, and

preferably fromO0.10 cc/g to 0.50 cc/g. The nethod of
daetream Rief@ rt herodear opy e vaunmnofid here gat @y yshpparatus
conposed of titanium oxide granules may be known

nMehhods acAnmerg theseé imeidnd o tdwe- priesent i nventi on
adopts the mercury intrusion nethod, which nmethod is
désoriched bel ow in detail. [0027] The mercury

i ntrusion nethod determ nes the mcropore vol une

utilizi iget heatatgetsoaohacectiensi ontehiumeorudy. gffhatles”
is, pressure is applied to intrude the nercury into
meccoporiadofo tthe poadent lancittheonmhesopot &1 orolpwme Vvglume
determ ned based on the applied pressure and the

i ptr tHedtherclny @xbdptas THe prdsent lingvedtient dges aange
porosimeter (mercury intrusion method, maxi num
pressuf e6d Q0OMP) OndRufacuraed e fRvervoy Hinedl §aR0 cc/g
[0028] The "catal yst conposed of titani um oxide

gandl-&$" ccd@eording to the present invention has

intensitx 28 o .
The method of determining the micropore volume of the

catalyst composed of titanium oxide granules may be known
methods. Among these methods, the present invention
adopts the mercury intrusion method, which method 1is
described below in detail.

[0027]

The mercury intrusion method determines the
micropore volume utilizing the large surface tension of
mercury. That 1is, pressure is applied to intrude the
mercury into micropore of the powder, and the micropore
volume is determined based on the applied pressure and the
intruded mercury amount.

The present invention uses a porosimeter (mercury
intrusionmethod, maximum pressure of 200 MPa) manufactured
by Thermo Finnigan.

[0028]
The “catalyst composed of titanium oxide granules”

according to the present invention has intensity
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di stribution as showed by Fig.13 and Fig.14. The

catalyst has a particle size distribution in which

the percentage of particles having 1.4 mmor above is

20 to 30°%% in which the percentage of particles

having 1.0 to 1.4 mmis 10 to 15in which the

percentage of particles having 0.6 to 1.0 mmis 15 to
20% in which the percentage of particles having 0.3

t 0i0+e immMti®nl8st &hdwediwy Wi £h 3 herperiegentiagenef catalyst
particles having 0.125 to 0.3 mmis 10 to 182t when 50
KNasorn gOrKihNciis speei fii edrppaessuneinMeasunhenratpefcentage
intensity distribution is as follows. (1) titanium
oxifdeagt anlibesh3b0gy WM cm basabeer agi2@tted,30%,siputhich
in nmold for testing conpression (produced by SAKAI

CHEM CALcENDUSERYLQarLTD] eselfiavinggl t® fo g.. Bl mands 10 to
12). (2) The nold is placed in center of 300KN

copr essivdn alesherpe{pentaged bhypaviRdll e& 0Oy ihpdd. §)to 1.0
(3) The nold is charged to loading little by little.

The 1% dadrag U them stioppedoahennspecidi edrpriessyr kaving
reaches 50KN or 70KN. (4) The nold is taken out in

t Re 3t &6t év-.6 (18) Thel@raAukés i Ant M Lwdl of g ecercentage of
transferred to bag and conbined uniformy. éG) The
gP&ﬁGP§§e§5§aVWﬁQCH éﬁé é@nﬁlﬁe@muﬁﬁfépnfy g when 50 KN
subj ect to precise weighing and sieve. (7) The

gPanuPe&N Wi SReCeraiod MESHESULE subj ect to meight
measurenent. And, intensity distribution of th
granule@ea?§r€§?EEV5§é@t€§§é&&bﬂlﬁﬁélﬁétéﬁﬁ-l%@s follows.

(1) titanium oxide granules 350g, which has been agitated,
is put in mold for testing compression (produced by SAKAI
CHEMICAL INDUSTRY CO.,LTD, referring to fig.1ll and 12).
(2) Themold is placed in center of 300KN compression tester
(produced by MARUI & CO.,Ltd.,).

(3) The mold is charged to loading little by little. The
loading is then stopped when specified pressure reaches
50KN or 70KN.

(4) The mold is taken out in the tester.

(5) The granules in the mold are transferred to bag and
combined uniformly.

(6) The granules 25g, which are combined uniformly, is
subject to precise weighing and sieve.

(7) The granules, which remain mesh, is subject to weight
measurement. And, intensity distribution of the granules

is calculated based on the weight.
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[0029] According to the present invention, if the

anount of waste plastics and/or organics is snal
conpared with the anpunt of titani um oxide granul es,

the waste plastics and organics are readily

deconposed, and the heat for maintaining the suitable
tenperature for deconposition of the titanium oxide
utilizing the deconposition reaction heat becones

i negbhijci ent, which requires heating fromthe

outside, thus deteriorating the deconposition energy

ef fi ci encyortif nghowenrer prelenanbunenof onast £ plasiotsit of
and/ or organics increases conpared with the anount of

t kestei paastuicexade/ gr amudasi c$ hies taredtll ngmpatrerd alish the
exceeding the capacity of contact deconposition of

t heotinttanit utnd oxn tdhem @r adhell eesarbelcore thenwadedenpodsedics and
gas, or further result in |oss of activity caused by
covgrihngst hersur faediofy t Hecompbaridum exiddetby theat for
organics, thereby failing in deconposing the
magenitalainPothhi supoilpte tynmaiactiadg csudeableogmpunn of
of the titanium oxide granules and the anmount of the

t £8&t ith§ andsire oxgides titcls! ididY Drtloy gt @rpog helon reaction
deconposition reaction heat is utilized to maintain

t heasupe abhes tierperEtura F o hillké regebrpdsitd o dffrom the
titani um oxide, thus mnimzing the externally

sQppPyrifg ehergy. darEaidtord il d§COrRastitéRThe@RerIY
above the suitable tenperature for deconposition can .
b&LreCoPErdd ard /r eH¥Ed 3 obigh EREUREoAT HRToht PoRSTLCS

of the reactor. For exanple, the heat can_ 30
and/or organics 1ncreases compared wilith the amount of the

titanium oxide granules, the treating materials exceeding
the capacity of contact decomposition of the titanium oxide
granules become non-decomposed gas, or further result in
loss of activity caused by covering the surface of the
titanium oxide by the organics, thereby failing in
decomposing the materials.

To this point, by selecting suitable amount of the
titanium oxide granules and the amount of the treating waste
plastics and/or organics, the decomposition reaction heat
is utilized to maintain the suitable temperature for the
decomposition of titanium oxide, thus minimizing the
externally supplying energy. In addition, surplus
reaction heat above the suitable temperature for
decomposition can be recovered and reused through the

cooling-control of the reactor. For example, the heat can
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be recovered in a formof steam and hot water.

Therefore, the recovered heat can be utilized in hot

wat er supply to the plant facilities or in nelting

snow. The uses of the recovered heat are, however,

not limted to those given above. [0030] An anbunt to
treat the waste plastics per hour is 3.0 to 40.0 kg,
preferably from6.0 to 35.0 kg, with respect to 100
kgeof et beetbtiant WMroxinde £ g¢ adith e Dhdtheapeesentherefore,
i nvention. The optinmumtreating anmount is obtained

f tam theoveesdl hsatnciheod aldiovi 1wy BExamplte wdtef083ppb1A to
deconposition apparatus and a deconposition system
ateterdingtt batheipiesent imwenttiony vérldw be Thescasielsedf the
below referring to the drawings. In the follow ng
descoivptrieon heaknewe ,t éciwrotcogi esoti nclnudied doi Vigose given
source, air-supply blower, and screw feeder nmay not
bebdescri bed or given in the drawi ng. The shape of

t he deconposition apparatus, the arrangenent of

i n@0viddual el ements, and the scale of them are given
preferentially for the convenience of illustration,

and t henaTeOo ot Tchérppractiealasdifeslap0o3e] ras Khowis 3.0
in Figs. 15 and 16, the neans for treating wast e
ptastPec8 &fAd BFgaRreslY, TrPRafpPet9) 372 Bf KghevpFesengpect

i nvention has at least a reactor 3 in which a catalyst
2t03100 kg of the titanium oxide granules of the present

invention.

The optimum treating amount is obtained from the
results in the following Example 4.

[0031]

A decomposition apparatus and a decomposition system
according to the present invention will be described below
referring to the drawings. 1In the following description,
known technologies including drive source, air-supply
blower, and screw feeder may not be described or given in
the drawing. The shape of the decomposition apparatus, the
arrangement of individual elements, and the scale of them
are given ©preferentially for the convenience of
illustration, and they are not the practical ones.
[0032]

As shown in Figs. 15 and 16, the means for treating
waste plastics and organics 1, (Example 9), of the present

invention has at least a reactor 3 in which a catalyst 2
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is circulating, a circulation neans 5 which circul ates
waste plastics and organics 4 charged into the reactor

3 together with the catalyst 2, an agitation neans 6
which agitates the catalyst 2 and the waste plastics

and organics 4, and a charge opening 7. The neans for
treating waste plastics and organics 1 further
preferably has an air-supply blower 19 as a carrier

gas (Aiddulsiiply, neansrcudabeahi hgamears whwh chirculates
suppl i es heat necessary for the deconposition

Ir gastcicop,l agan iaisr ahbowirngnehanberhibged ipaot thieonewakbr 3
11 which allows snmooth circulation of catalyst, a
paddkeht?2 whicbhtbkangesltybé £l omnofgtanaliypsat meaandcanhich
vent opening 39. Furthernore, the nmeans for treating
wasti¢ apleasthe ssadrd yortgadmcs thehassaedi schar ge aopenrggnics
18 for metals and inorganics, the opening 18 being a
mdansnflor clierget bpenecgvéri nheéangens uhps dfeakiapswaste
and inorganics fromthe reactor. [0033] As shown in
Ficgasi8(€s), ahHe eirpewnliati oh neahshsri sprafewphlscrbas an
feeder, which has each rotary shaft rotated by a
d@ﬂvesg@@ﬁcfebl@w@rfpb%awq Ireg Wisit glaspl(ades) EseRly means,
rotary shaft is inserted into the reactor. The twn

sér efatiagdaecans é“fk@rcébl%ﬂmb]c]a%sedﬁ@%t subseantfal fgr the
hori zontal position in the reactor. The arrow in FI%
1é€me@Pﬁééﬂ§n-tﬁ%a%Fb%Rmﬁ§%1c?#éUPéPWéﬁgdi?%%$¢%ﬁ afYs
cat al yst. Chan of the rotational direction of the
tﬁﬁﬁt§59€%'f rléhdﬁ@%%h PHe OfiSr e8P DR oFﬂ€§N£3ﬁﬁon of

circulation to nte cl.ockw 32
catalyst, a paggf Wth é%anges the flow of catalyst,

a

and an vent opening 39. Furthermore, themeans for treating
waste plastics and organics 1 has a discharge opening 18
for metals and inorganics, the opening 18 being a means for
directly recovering large lumps of metals and inorganics
from the reactor.
[0033]

As shown in Fig. 16(1), the circulation means 5 is
a twin screw feeder, which has each rotary shaft rotated
by a drive source, equipped with a spiral blade. Each
rotary shaft is inserted into the reactor. The twin screw
feeder is preferably located in substantially horizontal
position in the reactor. The arrow in Fig. 16(1) directs
the clockwise circulation direction of catalyst. Change
of the rotational direction of the twin screw feeder changes

the direction of catalyst circulation to counterclockwise.
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The rotary shaft 14 is rotated by a drive source M

such as a notor. Although in Fig. 16(1) two paddles

12 for changing the flow of the catalyst are | ocated

on a diagonal |line of the reactor, the paddl es may be
changed to other neans if only the neans can change

the flow of the catalyst. As shown in Fig. 16 (2), if
four screw feeders are |ocated in substantially
honezestakypgsittom ik the ateachora dt hee Gahat s such as
circulation is established. Furthernore, as shown in
Fegmol6r(3) , if the reactor is in an elliptica

shape, only two screw feeders can achieve the

cat al yshlcthooghathoAigl nladdi t ten, pasdshewn2i fioFi ghadging
(5), if three screw feeders are located in

stibst ahdvwab f ycHwciatedtyalt posi tooateinot e dieactrerl, 1tthe of
catalyst circulation is established and solid waste
pithst rescand, organpeddl iy ilse mitargrassted othegnmbens 1f
t hrew charge opening of solid waste plastics and

opgani che2leand decorpesert divurid degradaid orasi 1 es of
waste plastics and organics 25 in the reactor 3. Wen
the ciréal aepon heahsdb dbopts, sefefpfeedercwt heeders are
spiral blade 21 (refer to Fig. 21) also agitates the
caPgpyst ™ fiibk teRé tnddtven pr h3e P Es ! &9 idriganieshe reactor,
adding to performing the circulation step, thus the
citPeuFatrdn s thedrs Vs 2ol fi @S ieHsl e ethe agitati on
means 6. That is, the screw feeder provides both t he
C|rcuIaFP6Ehﬁ§Qﬁ§eS %ﬁdﬂuﬂﬁélégﬁﬂgtlgﬁ mblang fethppreactor
addi t.i on, fliglral de 21 33

is in an e tical ape, only two screw feeders can
achieve the catalyst circulation.

In addition, as shown in Fig. 16 (5), if three screw
feeders are located in substantially horizontal position
in the reactor, the catalyst circulation is established and
solid waste plastics and organics, which is not crushed,
can be threw charge opening of solid waste plastics and
organics 24 and decomposed around degradation site of waste
plastics and organics 25 in the reactor 3.

When the circulation means 5 adopts screw feeder, the
spiral blade 21 (refer to Fig. 21) also agitates the
catalyst 2 with the waste plastics and organics 4, adding
to performing the circulation step, thus the circulation
means 5 also functions as the agitation means 6. That is,
the screw feeder provides both the circulation means 5 and

the agitation means 6. In addition, the spiral blade 21
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is preferably equipped with an auxiliary bl ade.

[ 0034] The above deconposition neans can be provided

with a neans for separating and recovering netals

and/or inorganics 15. As illustrated in Fig. 16(1),

the separation and recovery neans 15 may have a wire
mesh 16 having an opening to all ow greatest dinension

of the catalyst 2 to pass through fitting to any

pasi bireleirBbiRe e @iifppdatiianh rautastin tdey neaedor 3.
Preferably, however, the wire nesh 16 is fitted in
theogugi nity of the end point in the circulation

route. A pocket 17 for recovering the netals and

i nor ganTbs gaught dbyothheswtienmeshnkscaht aehedovt detiheith
wire nmesh 16. By locating the wre nmesh 16 at hi gher
pesinéamst Hamr t hepposittingn afidt heeqocketnd 7metbyts and/or
creating a slope fromthe wire nesh to the pocket) ,

t heomgialissand > .i norrganiidd tcdughte by imhe Fwior.e mesh), the
slide down into the pocket 17 by their self weight.
Astepmattiival pndbyeceivierat irghisheé Swinge hey¥k asivhgeamesh 16
motor or the like, the nmetals and inorganics caught
bjavhadwi e ALSALRE dan BélpEcorEaddEsthyddnepping tHenthe
into the pocket 17. The pocket 17 has a two-stage
skhatedystoZalp dvet he e ads End iHbrigasines Pegipéon in the
recovered at arbitrary tinme during the deconposition
rééé?Péﬁtlﬁ§MéPPHélé%sth%w%ﬂﬁqqﬂ§‘%etaP§e§ﬁagB%5vg%ﬁW%§erf
are accunmul ated to sone vol une, they ¥¥be recover ed

f FBf "1 he %%ké@ 29, T Ne e dithe PEoVE HNpE deehtthe end point

i nvention, n the neans 34 .
in the c1rcu ation route. A pocket 17 for recovering the

metals and inorganics caught by the wire mesh is attached
to the wire mesh 16. By locating the wire mesh 16 at higher
position than the position of the pocket 17, (by creating
a slope from the wire mesh to the pocket), the metals and
inorganics caught by the wire mesh slide down into the
pocket 17 by their self weight. Alternatively, by
vibrating the wire mesh using amotor or the 1like, themetals
and inorganics caught by the wire mesh 16 can be recovered
by dropping them into the pocket 17. The pocket 17 has a
two-stage shutter to allow the metals and inorganics to be
recovered at arbitrary time during the decomposition
reaction. Nevertheless, when the metals and inorganics
are accumulated to some volume, they may be recovered from
the pocket 17.

According to the present invention, when the means
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for separating and recovering netals and/or inorganics

15 separates and recovers the netals and inorganics
fromthe pocket 17, there is no need of stopping the
circulation means 5 and/or the agitation nmeans 6 so
that the throughput of the waste plastics and

organics can maintain a high level. In addition, when
the separation and recovery neans separates the

nebal Sepadat DAKOANE CSscdherf end Tndt e ethdofor eperighgics 15
the reactor 3 so that the thermal efficiency of the
deepapasicki endappasatus @ne rdten deconrpasioctrigamn isyssfemm the
can naintain a high level. However, the separation
apdckeecaver yhefret hes met alessdandf ostopigantics canculation
naturally be done after opening the reactor 3.

Fuether homel/ avhéhevad Uiabt eonetsdss @r eo nfibhaad tihe theoughput
wast e plastics and organics 4, a discharge opening for
nmettat lse and tienof gani cs a8l psgasedsaxangettednt @ high level.
efficiently recover the netals. For exanple, the
wast el astdies aden othani espdrgbhdai rimy valcwalsiry means
metals are put in wire mesh (which allows the

cacgkbysite? thepussatlhr sughinndgrascshapeersf 1aonot peed of
cause an obstraction of the catal yst-circul ation
(eranphe, thapeadolyRedr o)l thewhhermaf reelf esteney of the
then charged fromthe charge opening 7. The waste
pﬁ§§9m@§Sé%d®“oﬁ@§ﬁ#@§uﬁnap% tﬁﬁréeﬁ@@ﬁoéﬂél@§sﬁﬁﬁEém can
in the course of C|rculat|n t he shape wire nesh in

t Relpéadtord THEMetsrst mhl%HWQV%rnoﬂjﬁésFﬁ&@&a§ﬂ€n- and

Ieft behind_in the w Iﬁiﬁ. .The shape wire nesh LS
AFPEETR] Uf BEobar &P T b e i SeHEE SSpermgaghially be
meals .29d . norgani o 8. Lhereby, allowng the - 35
Furthermore, when valuable metals are mixed in the
waste plastics and organics 4, a discharge opening for
metals and inorganics 18 is used as a method to efficiently
recover the metals. For example, the waste plastics and
organics 4 containing valuable metals are put in wire mesh
(which allows the catalyst 2 to pass through and has shape
of not to cause an obstraction of the catalyst-circulation
(example, cube, polvhedron)), which wire mesh 1is then
charged from the charge opening 7. The waste plastics and
organics in the wire mesh are gasified in the course of
circulating the shape wire mesh in the reactor. The metals
which are not gasified are left behind in the wire mesh.

The shape wiremesh is directly recovered from the discharge

opening of metals and inorganics 18, thereby allowing the
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netals remained in the shape wire nmesh to be

efficiently recovered. Different from above case,

when the size of the recovering netal is smaller than
that of the catalyst 2, the neans for separating and
recovering netals and/or inorganics 15 is preferably

a wre nesh located at: |owernost position in a

concave portion 13 in Fig. 16(4) for Exanple 9; and

| ewernestcpashbidoAni Aha EREYENWVAGepASSBJEo BO &OFiciently
Exanpl es 10 and 11. If the nmetal-collecting vessel is
plracedcheldow the wire nmesh, the netals separated from
the waste plastics and organics 4 can automatically be
col | ect edf f¥¢¥thtt fercaboyieosd r uetar, e, wdre deeorpasi taDNthe
apparatus of the present invention also provides an
exeeblventingetnktod 1f as sepadati hgaandhrécoverhagcakbayst 2,
and/ or inorganics. [0035] According to an enbodi nment
oftheheneshovef ex asploes adfing hengr esenteirnngntiicgrg Lsasand/or
shown in Fig. 16 (4) , the wire nmesh 16 having an
openirggntiesal 1 owigr eareserdbhEnsd onige tihesh cdcalafstd 2at:
to pass through is positioned at right-bottom corner
of-owkEmgetorpesitiicon ireansoncipiiepprantupawl 3( theF e el o (4)
mesh 16 is not shown in Fi%. 16(4)). There is formed

t her fpprealve Fporid oRVWEITRE tpee § pheralllaf &8 o ke Ripeagde
mesh 16, and the concave portion 13 connects with the
cRAr fer dperiinkes 2.0 The toncale H6r LEbA L1130 cefunppeassel

with the circulation 36
1s placed below the wire mesh, the metals separated from

the waste plastics and organics 4 can automatically be
collected.

With the above structure, the decomposition
apparatus of the present invention also provides an
excellent method for separating and recovering metals
and/or inorganics.

[0035]

According to an embodiment of the above examples of
the present invention, as shown in Fig. 16(4), the wire mesh
16 having an opening to allow greatest dimension of the
catalyst 2 to pass through is positioned at right-bottom
corner of the decomposition means 1 in plan view, (the wire
mesh 16 is not shown in Fig. 16(4)). There is formed the
concave portion 13 at peripheral area of the wire mesh 16,
and the concave portion 13 connects with the charge opening

7. The concave portion 13 is equipped with the circulation
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means 5(D) to circulate the waste plastics and

organics 4, charged fromthe charge opening 7, from

the concave portion 13 to bottomleft corner of the
deconposition nmeans 1 in plan view The paddle 12 is

| ocated at |eft-bottomcorner and at right-top corner

in the deconposition neans 1 in plan view The
arrangenent of these paddles 12 is not limted to

t habngi ¥yen) i 1o Higcull@(4) thAcRes dengl 4o ihe ahDveganics 4,
enbodi nent, the sieving operation is conducted
cehnegpantiag the therpesdeopemndg g fobmttiee wohe arveshortion
16, thereby recovering the netals and inorganics |eft
on3t he mbreomeshfibebrhert hé pbekétcarpowtictien hhens 1 in
catalyst 2 is sieved down into the | ower part of the
coneaveipertiTmr paltidke 18 themoxned aul abtéd-bottthe corner
reactor 3 together with newly charged waste plastics
anddor ganiobs - thpbygo ther dirr thkatd crmpeainsi &f Deans0036] plan
The driving force of the circul ati on means 5(D)

avéerdi nghe ccrhenpereehtof nverd meddlartl Zspechbiccalhyted
limted, and screw feeder, conveyer (especially,
biekéhatconveyperiy Figaddi%(4)pi ston and the |ike may be
applicable. The position of the charge opening 7 and
of the AEAASILIREr Sepalat i APCEAd FTECTVEG Hy n%@@lsSleVlng
and/or inorganics 15 may be close with each other, or.
ey ebé tapposPngorfBATedcAC T 6EREPda8InbedeldS AesSh-opening
pref erabl e enbodi nrent adopts the positioning of the

cRar §&Copefishgieeant®t hERRESRY FEFOVEepaatity Baeets and

recoveri tals and/or. inorganics 15 at 37
?norganq snféf%.on'pheSNirelne I16 fnto g%e]pocket 17, while

the catalyst 2 is sieved down into the lower part of the
concave portion, which is then recirculated in the reactor
3 together with newly charged waste plastics and organics
4 by the circulation means 5(D).

[0036]

The driving force of the circulation means 5(D)
according to the present invention is not specifically
limited, and screw feeder, conveyer (especially, bucket
conveyer), paddle, piston and the like may be applicable.

The position of the charge opening 7 and of the means
for separating and recovering metals and/or inorganics 15
may be close with each other, or may be opposing from each
other, as needed. A preferable embodiment adopts the
positioning of the charge opening 7 and the means for

separating and recovering metals and/or inorganics 15 at

37



cl ose positions with each other because the

deconposition of waste plastics and organics

i mredi ately after charged preferably uses the

catal yst 2 which does not contain the waste plastics

and organics in the course of deconposition. The
deconposition apparatus for waste plastics and

organics of the present invention is an apparatus
whilelecabsbtings theh cad@l yathed aklensel raul atedmpbtheion
catal yst which does not contain waste plastics and
obgankesci nlhbeiceunse ofgadéconpasetiiany ]yt affernchheged
reaction of the newy charged waste plastics and
opgarfiecsb 1B itesenhefcom i het Tonviertt iderad not contain the
deconposition apparatus, the apparatus of the present

I Meelti phe sanc decohpogent he wasthe phaste of @adomposition.
organics at a high efficiency. [0037] For the

détemposin ohl rean s pbaaedorsdf ng wiee tehiel ps esentand organics
i nvention, the waste plastics and organics 4 are not

char gbd rfeeanthenveptopnt he praespparadtoat ghihk can bring
surface of the catalyst 2, but are preferably charged

f tom chbatharge ape g Iruletethsi dda keteilvel ahiing does
catal yst 2, as shown in Fig. 15. The _inventors of the
preseRPtAvENtRERSf BURETLRat 2RReCHPPBEES ¢éRaFfe oePurRe of
wast e plastics and organics 4 to inside of the
cAEEPYSOS2 tatfair n§Ohi ght ef 1 § ¢l ey e cInpdsi RRyAY charged
effect. According to the deconposition neans 1 of the
péséft PilavértGSon 2bweviefe detonposithioir §%t al §pom  the
attai ned .whe %he wast e, pl astics and organics 4 are
cﬁaPéfé&tﬂP&ﬁﬁt RCUHEr get Lt op ity Bt F%% Yrpgpetus of the

r r .on h rf f th
%%%%%ntsf%Jé%glé%S%gnaggcgmpgsg t%% waste plastics and

organics at a high efficiency.
[0037]

For the decompositionmeans 1 according to the present
invention, the waste plastics and organics 4 are not charged
from the top of the reactor 3 onto the surface of the catalyst
2, but are preferably charged from the charge opening 7 to
inside the circulating catalyst 2, as shown in Fig. 15. The
inventors of the present invention found that the direct
charge of the waste plastics and organics 4 to inside of
the catalyst 2 attains highefficiency decomposition effect.
According to the decomposition means 1 of the present
invention, however, decomposition is also attained when the
waste plastics and organics 4 are charged from the charge

opening 8 at top of the reactor 3 onto the surface of the
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catal yst 2. Furthernore, according to the

deconposition neans 1 of the present invention, two

or nore charge openings may be given to allow
conducti ng any of above charge nmethods. In addition,

the charge openings 7 and 8 are not only used for
charging the waste plastics and organics 4 but al so

can be used for charging the catalyst 2. The charge
opemrkngst72and 8 in the follow ng Exanples 10 and 11

are the sane as those in above exanples. [0038] As

il lustratedhenmbirg, ddcotléngeanstHodetoaalosig iomskans 1
pl astics and organics 1, (Exanple 10) , of the present

i n¥ehheoprdasnatiheastidhe tvwactromcda nhwhigehobphaings may
catalyst 2 is accunulated, the agitation nmeans 5 (A)

, P& ¢Byen anck Bl{W)cogndudti ohy circulfatbovkechaste methods.
pl astics and organics 4 charged into the reactor 3

t dgetfiditivpnh the datadystoeiindre 7 agit atdon nogans 1§ used
whi ch agitates the catalyst 2 and the waste plastics
afddrotlgand t89 4,ha Westkar §es bpenianyd proamd cst Adout also can
returni ng passage 20. The neans for treating waste
pbastises dnd ehganiley Thsr efadradlst far t her has the
air-supgly bl ower 19 as the carrier gas (air) supply
means, PRACHEATIDIOHRTAG IShamet 5100 &lfe TRéatiAG InparBPLles
9 for supplyin% heat necessary for deconposition
rédcfiPenllafde the veme Speriiny BI-1 [TUB9] REEHbH- i n
F%%b3%§, inside of the reactor 3 is divided 39

As illustrated in Fig. 17, the means for treating
waste plastics and organics 1, (Example 10), of the present
invention has at least the reactor 3 in which the catalyst
2 is accumulated, the agitation means 5(A), 5(B), and 5(C),
which circulate the waste plastics and organics 4 charged
into the reactor 3 together with the catalyst 2, the
agitation means 6 which agitates the catalyst 2 and the
waste plastics and organics 4, the charge opening 7, and
the returning passage 20. The means for treating waste
plastics and organics 1 preferably further has the
air-supply blower 19 as the carrier gas (air) supply means,
the air-blowing chamber 10, the heating means 9 for
supplying heat necessary for decomposition reaction, and
the vent opening 39.

[0039]

As shown in Fig. 17, inside of the reactor 3 is divided
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into a first stage tank 31 and a second stage tank 32

which is located at higher position than the position

of the first stage tank 31. The first stage tank 31

has a first pernmeable bottom 35 fixed in the reactor

3. The first perneable bottom 35 has an upstream end

33 at one end thereof in the |I|ongitudinal direction,

(left side in Fig. 17) , and a discharge end 34 at

t hetot hefi end sthereeobnkr 3 gnSiadecbbndF@agd Hank BlRewhich

second stage tank 32 has a second perneable bottom 38

fixerlbdatédetrieaghor phsifhersetandipeporahlien bdtthentirst

38 has a downstream end 36 at one end thereof in the

| engiotudhmiaB 1di r et ifdn;s tantage clrarlgel énads 37T iatstt hermeable

other end thereof. [0040] As illustrated in Fig. 17,

t betciomc wltatfiioredreamstbe( Apacitsra B.cr ed efedest hagimgable

the rotary shaft 14 equipped with the spiral bl ade

2botthe Pbotlary ahafts theiang einnlsept @d dmt end Héefriercdt in the

stage tank 31 in horizontal position along the

| engiotiGdidaak ldidiectdorrof theffi ssidestagelidnk 131, Thed a

circul ation neans 5 (B is a screw feeder in which the

| ewechagng poft Bnasdf tpRecEbedr gndhdhereathaviahtt féde in

spiral blade 21 is positioned close to the discharge

eAdd341 6t - tH%hﬁﬁ¥%¥ﬂK%ﬁ5@§et5ﬁRk312 m@ﬁ|ae5€ﬁ@nﬁo®eémaable

portion of the rotary shaft 14 is positioned uprig

cp8§§oﬂo3@héléﬁé¥dé1éHHESWe%ﬁtQ%e3 sé@Bﬁd3%$%@% P%ﬁ%eable
The circul ation means 5(C) is t sanme as above

cppgﬁpgt?%ﬁ“ﬁ%éh@ogPﬁfr@ﬁ@e%?dfﬂéﬁttﬁ@e %H?IHH%QQQﬁwln the

ans .5 sitiqned |nS|de he seco 40
nﬁongltgglnaﬁ %grect%on, and %arge en 37 at the other

end thereof.
[0040]

As illustrated in Fig. 17, the circulation means 5(A)
is a screw feeder having the rotary shaft 14 equipped with
the spiral blade 21, the rotary shaft being inserted into
the first stage tank 31 in horizontal position along the
longitudinal direction of the first stage tank 31. The
circulation means 5(B) 1s a screw feeder in which the lower
end portion of the rotary shaft 14 having the spiral blade
21 is positioned close to the discharge end 34 of the first
stage tank 31, while the top end portion of the rotary shaft
14 is positioned upright close to the charge end 37 of the
second stage tank 32. The circulation means 5(C) is the
same as above circulation means b(A) except that the

circulation means 5(C) is positioned inside the second
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stage tank 32. Each of the rotary shafts 14 of the
respective transfer nmeans 5(A), 5 (B) , and 5(C) is
rotated by a drive source Msuch as a notor. [0041]

As illustrated in Fig. 18, each of the first and

second perneable bottons 35 and 38 is a wire nesh

having a circular arc shaped cross section opened
upward. The wire nmesh is a material which receives

t Beagat atarst 22and mhdichoal [taws rbhergasHLOE8SS4 of the

t her et hrough. The perneable bottomis, however, not

| rasbed ttiogewtrenpeEsh. mAbhhobigh) | e(H)i r sindand C)t he rotated

second perneabl e bottonms 35 and 38 are isolated by a

part et dan vealslbu3@ef Momuedc e otdhergtdihei r upper faces

are opened and connected inside the reactor 3.
FuovBénnore, the air-blow ng chanber 10 is | ocated
beneath the first and the second perneabl e bottons 35
and 38. AFQ042]s e tadtiihilory - a8, strovnoif e §ird ¥ artcheecond

second stage tank is |ocated at a position higher

t banehd lposd ttons ofS anfe3d ilsse witragresankaviagg & circular
result, for returning the catalyst fromthe
déwASEheRATleRto bR spret seeoneetdgeviark. tldhe Ware mesh is
upstreamend in the first stage tank, no forceful

t palsferief Whécba¥%¢@%Ye%ﬁﬁ$®ﬁ$&$%ﬁﬁﬁﬁéﬁéﬁndswhéﬂb allows

feeder, and the like is required. The returning
p§§§a@@5260|§%§5(ﬂﬂﬁ%ﬁ%&ﬁQ%QQonﬂQﬁs?@?%?%&%@r%%ﬁ¥%%dlsf
33 in the first stage tank 31 wth the downstream end
36918 VERKe Q%thﬂn%Q%%éx{gﬁ%e Besh 41 Although the first and

the second permeable bottoms 35 and 38 are isolated by a
partition wall 30 from each other, their upper faces are
opened and connected inside the reactor 3. Furthermore,
the air-blowing chamber 10 is located beneath the first and
the second permeable bottoms 35 and 38.

[0042]

In addition, as shown in Fig. 17, the second stage
tank is located at a position higher than the position of
the first stage tank. As a result, for returning the
catalyst from the downstream end in the second stage tank
to the upstream end in the first stage tank, no forceful
transfer of the catalyst applying conveyer, screw feeder,
and the like is required. The returning passage 20 is a
chute which connects the upstream end 33 in the first stage
tank 31 with the downstream end 36 in the second stage tank

32.
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[0043] Fig. 18 does not show the spiral blade 21,

showi ng a blade row 22 nounted as the agitati on neans

to the rotary shaft 14 of the respective circulation
means 5. The blade row 22 is fornmed by fixing three

bl ades 81 to the rotary shaft 14 at a pitch of 120
degrees. Wth the configuration, the circulation

nmeans 5 circulates the waste plastics and organics 4

t ogeuler with the catal yst 2, (circulation neans) |,

and agitates the catalyst 2 with the waste plastics

and organgcslid flaysradbtyshéagthat spnraeansyde AS, ashowing
result, the catalyst 2 and the waste plastics and
ongahidés rbvare mpuevedted theoayheatrbngneampstd mhgapstary
between the spiral blades 21 i ndependent of the shape
ofhedttal ¥sif 2Zhei rhepechivpowdecushapenareams gr.andharblade
shape. More preferably, the spiral blade 21 has an

auxivl Par ysbfadeed] 09441 xShoi Lhretobihéepeahstborhe rotary
treating waste plastics and organics in Exanple 9,

t e awitr &4 aésh Pié davt g Cadieopenbng Wiloh &lhleowr heguration,
catalyst 2 of large size to pass through as the neans

f 6heseparat pAgoande ree ov etlimgLimtet S-tendpgrte plastics and
inorganics 15 may be fitted in the returni ng passage
20rgapicl theteonfhgir atlitén, thhecCabealstand/ ofrcirculation
i norgani cs can A be separated and recovered simlar_to
EXgRple 20 604512 1R thrPust Fat edlt invERg. tid wagdcop dRaglcs
to anot her means for treatlng wast e pl astics and
oﬁagn@ﬁgaqlc?E&gﬁﬁpéaPﬂy' (ggltation means). As a result,

the catalyst 2 and the waste plastics and organics 4 are
prevented from becoming lumps in gaps between the spiral
blades 21 independent of the shape of catalyst 2 either in
powder shape or in granular shape. More preferably, the
spiral blade 21 has an auxiliary blade.

[0044]

Similar to the means for treating waste plastics and
organics in Example 9, the wire mesh 16 having an opening
to allow the catalyst 2 of large size to pass through as
the means for separating and recovering metals and/or
inorganics 15 may be fitted in the returning passage 20.
With the configuration, the metals and/or inorganics can
be separated and recovered similar to Example 9.

[0045]
As illustrated in Fig. 19, according to another means

for treating waste plastics and organics 1, (Example 11),
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the reactor 3 in a long size having the upstream end
33 at one end thereof in the |ongitudinal direction,
and the downstreamend 36 at the other end thereof
has at |east the circulation neans 5, the agitation
means 6 (not shown) , the charge opening 8, and the
returni ng passage 20. The reactor 3 preferably
further has the air-supply blower 19 as the «carrier
gase(akhytsupplin reARSy Ehecheating teansp X mHchnd 33 at
suppl i es heat necessary for deconposition reaction,
t bee aind Wrowtawgf chanbee 10nganddtihe 1ventrapenmg 894 the
The catalyst 2 is circul ated between the upstream end
33oand tirkendomnisi ¢ eanteac 3ter \Wheh thhecwdshes pltadkiacs the
and organics 4 charged fromthe charge opening 8 to
nearcubet ivpsteeamenthd3agntd heon esctror 63(nst shown), the
circulated fromthe wupstreamend 33 to the downstream
entia3@ei spahieny aciot tBe togethierg vtk atke” ¢ at dlhysstector
by the circulation neans 5, the waste plastics and
oBgabeésrabdanfbetyasi heedtha ehe-scoulseblpivgr 19 as the
shows the reactor 3 in horizontal position. However,
t Rerréget ors3(ahy) beurp Y dteaws ad ichéeddvinst peams Enghich
36 to _become higher than the upstreamend 33. In that
cASBPLlERE E&LAl ySICBSMIXH B I9ETIey +etPhyrepetion, the
circulation neans 5 to the downstream end 36 can be
bRétght. a8l iCde™ gt Y hradisgH- e’ §1et IR Padsage
20 by its own weight t hus returningyto t he upstream

|

end 33. TPOO#B12 SiTicé 1 h& ICaAIa st DeFyeery it abed apm end

tg§aciéc Iag%&ﬁg%nEans 5 f5 n1tWe gpﬁgr%§n1end133 ) N

t e q§§£§}§ﬁ@. 3 en the waste plastics and
organics 4 charged from the charge opening 8 to near the
upstream end 33 in the reactor 3 is circulated from the
upstream end 33 to the downstream end 36 in the reactor 3
together with the catalyst 2 by the circulation means 5,
the waste plastics and organics 4 can be gasified in the
course. Fig. 19 shows the reactor 3 inhorizontal position.
However, the reactor 3 may be tilted so as the downstream
end 36 to become higher than the upstream end 33. 1In that
case, the catalyst 2which is transferredby the circulation
means 5 to the downstream end 36 can be brought to slide
down through the returning passage 20 by its own weight,
thus returning to the upstream end 33.
[0046]

Since the catalyst 2 is circulated by the circulation

means 5 from the upstream end 33 toward the downstream end
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36, the catal yst which reaches the downstream end 36

is gquided by the returning passage 20 to return to

the upstream end 33. As a result, the catalyst is
circulated in the reactor so that the waste plastics

and organics newly charged into the reactor can

further be gasified by the action of the catalyst.

Al t hough the catal yst which reaches the downstream

end, 3G hieS ca@ anetsw ivHieH hedpsdd eamn enslvd3t byathhend 36 is
screw feeder, paddle, bucket conveyer and piston may
beuapphi scahhe ratkrging khsdR0AZ7D AS riclthnst t@tté@d upstream
Fig. 20, a further nmeans for treating waste plastics
apddoBgani &8s 4, reExanpl ehE2)catdlasst ats | @astuideed in the
reactor 3 having the upstreamend 33 at top of the
drawchngr and thet doWwestwesdam epta36iat bott omadnide newly
drawi ng, a cage 40 which can position waste plastics
antihoogedornigdan ¢he aestrarge openiug-Kr whe cheal foed bhiethe
cage to charge into the reactor 3, and the returning
passage 20. ththeamednsH.or treating waste plastics and
organics 1 further preferably has the air-supply

bl ower A0thsughetlarepbrlyas wiarh) reappey heandowppeream

heati ng nmeans 9 for su%plylng heat necessary for
desémosistiomneraast forhealpeshe aR ankl ¢h LYcbhe rsirew ﬁ@eder,
anmount of dropping catalyst, and the vent opening

Tﬁé@@lﬁaﬁmbék¢%§P§WPé@Ia%“%éﬂﬁﬁ¥ﬁb%aéﬁbh@%Phécﬁﬁl?H%lFlg
Vhélnlty of the upstream end 33 and of the downstream
end- 44

[0047]

As illustrated in Fig. 20, a further means for
treating waste plastics and organics 1, (Example 12), has
at least the reactor 3 having the upstream end 33 at top
of the drawing, and the downstream end 36 at bottom of the
drawing, a cage 40 which can position waste plastics and/or
organics, a charge opening 41 which allows the cage to
charge into the reactor 3, and the returning passage 20.
The means for treatingwasteplastics and organics 1 further
preferably has the air-supply blower 19 as the carrier gas
(air) supply means, the heating means 9 for supplying heat
necessary for decomposition reaction, a mesh 42 which
controls the amount of dropping catalyst, and the wvent
opening 39.

There may be installed an agitation apparatus in the

vicinity of the upstream end 33 and of the downstream end
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36 to assure uniformdistribution of the catal yst.

Further in Fig. 20, the carrier gas is directly

supplied into the reactor. However, the carrier gas

may be supplied into the reactor via an air-blow ng
chanber as in the case of Exanples 9 to 11. The vent
openi ng 39 also functions as the charge opening to
charge the catalyst into the reactor. The catal yst
charge agpericng, i hove \Els t ridy hierpbovitdedatseparat ekFyrther
A cage 40 containing waste plastics and organics is
phacedgi. n2 0 hetieacdori &r tdwough dike cthagr gepeperidngn4d. the
Then, during the course of dropping the catalyst from

t heaupstr.eatowendri cciideadairst geamaentdei suhihel ¢@dcttar the
3, the waste plastics and/or organics contact with

t heacabal ysta aad arie -lgasiifricedchpPod8] aSi nce the case of
catalyst 2 drops (circulates) fromthe upstreamend
38xpoptke GownsfieanTeadvds: o¢hencavab§stlahi Ehnctions as
reaches the downstreamend 36 is guided by the

r §her phagde passdge 20 tlaret e cotehestpsitedmeendactor.
33. As aresult, the catalyst 2 circulates in the

r éaet crat3 1 vEie @havgﬁg opfegride f JROWRY ¥ ni gVt Hee provided
catal yst 2, which reaches the downstreamend 36, to
tﬁ@péé§¢ﬁéah1end 33 guided by the returning passage

20 is a screw feeder which is structured by a rotary
shaft, ﬁo@%‘f%d‘l%)ﬁ%‘kﬁldﬂﬂﬁ A SSsurde s tHavd agd argpriar 1s
bl ade t hereon, and being inserted into the returnlng
pQéé&@Q5“Tﬁ§ed¥¢%?ﬁﬁrF%g%éouﬁBWEV%P hapgerfgrenyysy 41. “Then,

during the course of dropping the catalyst from the upstream
end to the downstream end in the reactor 3, the waste
plastics and/or organics contact with the catalyst and are
gasified.

[0048]

Since the catalyst 2 drops (circulates) from the
upstream end 33 to the downstream end 36, the catalyst which
reaches the downstream end 36 is guided by the returning
passage 20 to return to the upstream end 33. As a result,
the catalyst 2 circulates in the reactor 3. The driving
force for returning the catalyst 2, which reaches the
downstream end 36, to the upstream end 33 guided by the
returning passage 20 is a screw feeder which is structured
by a rotary shaft, rotated by the driving source, having
a spiral blade thereon, and being inserted into the

returning passage. The driving force, however, 1is not
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specifically limted, and other driving force such as
bucket conveyer, paddl e and piston may be applied. The
cage 40 capabl e of positioning the waste plastics

and/or organics is preferably a wire nmesh which all ows
the flow ng-down catalyst 2 to pass through, which

does not allow the charged waste plastics and

organics to pass through, and which does not all ow

t Beeretraks1aRd iinergan candwkitclearernvxed ifBrtke such as
waste plastics or which are vapor-deposited or

adbeked tonatk vleeastaaldqier tareh fstidre mavasie pbasieéds

to pass through. For attaining further efficient

cont act Thetawesn 40heacalb b vyt p@sandohhegwast @aspleasti &ssics
and organics, the cage 40 may be rotated and/ or
viebddbedorgathesreagtraf X alBvwen wireimeswastielpkbadbivssthe
and organi cs pass through the cage 40 to drop onto

t e cddwgstioeamcend 136t tthe cagtdon tlofoudle, cetadlystio@s not
whi ch reaches the downstreamend 36 gasifies the
wasdtlewpltdst i elsanned omgaitiec L1 ariel greshng2 owldieghics to pass
controls the anount of dropping catalyst is

pitérergbl yang & ifds Ho ediieh adriohoE e yud taols andolwpor fienics
catalyst 2 fromthe upstreamend to the downstream
ewa.lc}ql'lheaﬁ%sﬁl%@q siprefles amdp teade LBy LE@E6 o mhach are
sheets of wire nmesh, and sliding of pluralities of
WVRBOKESIKES SHtER Odachildtifet ontl ot i he? apptirt obf oL the
fl owi ng-down catalyst. [0049] Different fromthe

n¥aRs Sf Sl aStedts ng® waste pPastidls And dtlgahies’d frrther

th bove Exanpl es to 11, the neans for _ 46
e%f?cgent cag%acts£etween the catalyst 2 and the waste

plastics and organics, the cage 40 may be rotated and/or
vibrated in the reactor 3.

Even 1f fine waste plastics and organics pass through
the cage 40 to drop onto the downstream end 36, the action
of the catalyst 2 which reaches the downstream end 36
gasifies the waste plastics and organics.

The mesh 42 which controls the amount of dropping
catalyst is preferably wire mesh, which uniformly flows
down the catalyst 2 from the upstream end to the downstream
end. The mesh 42 is preferably made by two or more sheets
of wire mesh, and sliding of pluralities of wire meshes with
each other controls the amount of flowing-down catalyst.
[0049]

Different from the means for treating waste plastics

and organics 1 in the above Examples 9 to 11, the means for
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treating waste plastics and organics 1 in Exanple 12
illustrated in Fig. 20 does not need the agitation

neans for agitating the catalyst with the waste

pl astics and organics. Accordingly, the size of the
reactor 3 is designed small conpared with the reactor
size of the conventional deconposition apparatus.
Furthernmore, the waste plastics and organics can be
plaeced ing thestagpl148ticl thedreaghancd thr ouglEtdele 12
charge opening 41 without «crushing them As a result,

t hernesitsanedneedraty.t e doeshhag nappatatusgioactushmeans
the waste plastics and organics. In addition, the

ngans afodrt attrieat i trige wast el pbaswicd tard warganigkadtics and
illustrated in Fig. 20 may bring to horizontal
posigbindrsas iActded cagey of theanpl 2e 9o f( ridfer reactbirg.3 is
16(1) to (5) ). In this case, the screw feeder as the
cidesulatidorsmelahs cogpappldi ed tlo thecutetatathescatalgfst the
2. Furthernore, the catalyst 2 may be circulated in

t henveactional3 deyr omuptceatli g1t herraget ug. coritalint gorhe the
wast e plastics and organics 4. The operation

| Wep&asesaphie ceoptdcPrienfice éﬁ@yb@ep&;ééﬁdt he €hearyge 40
2 and the waste plastics and organics 4, thereb
céﬁd@@ﬁlﬁ?QQWQ%l%nEhH@@@hpééﬁtl Toef QQﬁﬁ%ﬁ%I% twgshout
and organics 4. [0050] For any of the above described .
NEARSNEHHO ¥t | A 2wEste (ol AREF &<l ahd frganf &g prushing
above exanples, the screw feeder has the foll ow ng
a@PRALEGES. PhETe S e e dtfsit e ]a?y%tlt% ot ¥ hes -

C|rculat|on geans 5 aﬂd of the_ 47
In addition, e means for treating waste plastics

and organics 1 illustrated in Fig. 20 may bring to
horizontal position as in the case of Example 9, (refer to
Fig. 16(1) to (5)). 1In this case, the screw feeder as the
circulation means is applied to circulate the catalyst 2.
Furthermore, the catalyst 2maybe circulated in the reactor
3 by rotating the cage 40 containing the waste plastics and
organics 4. The operation increases the contact
efficiency between the catalyst 2 and the waste plastics
and organics 4, thereby conducting efficient decomposition
of waste plastics and organics 4.
[0050]

For any of the above described means for treating
waste plastics and organics in above examples, the screw
feeder has the following advantages. The screw feeder

plays the role of the circulation means 5 and of the
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agitation neans 6 at a tine. |Independent of the shape

of catalyst 2 in powder or in granule, the screw

feeder surely circulates the catalyst 2 w thout
retaining at a position. Increase in the volune of

catal yst 2 accunulated in the reactor 3 consunes
considerably large torque to rotate the agitation

bl ade. To this point, conpared with the conventiona
agytiaticapnbhadas thet scriemnd eederdgamddens eadSehet BRape of
i ncreased anount of torque to rotate the rotary shaft
l4ateapseqrent bywdeseoofirsgrawufleedehe asctde feeder surely
circulation means 5 and/or the agitation neans 6 is
advantidgeessthorcatalcysas wgthhetcapagitynofatt heposition.
reactor 3 in the nmeans for treating waste plastics
andcorgari ¢$. tAs amdiurer cexamiaelypubl i eckmowhatedaiy the
kiln and apparatus conprising reactor, in which the
seeerabrpaddirsuns aaceon scarreirlgullatreet hergat dly sotiake the
the reactor. [0051] The heating nmeans 9 of any of
abovgasxanpl esails.t heToonehis heainthe commsltest ailthorthe
the like via the carrier gas supply neans such as the
acpnggpipilpnpllowet taviomrkdads, sthe g aree Seepepfcan decrease
sugplying the air fed by the air-supply bl ower and

t eS| LRETEAEEt ABCETRF - DF vt Tl e Hanber-af® thikeroheali pgatt
neans 9 heats the air to heat the catalyst to the ,
catflal ySPLagtVoRFLBn tefper &t AEcEsTary FBP fheculation
deconpositiop reaction., Although electricity is

pPeferr ed2as/ PhethgatJsbarcal TReMReit SotrkanF89fRgYS tor

speci ficall imted. Referring to Fig. 17, the hot
agpcrggs%ngytLe capacity of thg reacté%'B in the means for

treating waste plastics and organics.

As another example, public known rotary kiln and
apparatus comprising reactor, in which the several paddle
place, can circulate the catalyst in the reactor.

[0051]

The heating means 9 of any of above examples is the
one to heat the supplied air or the like via the carrier
gas supply means such as the air-supply blower 19. That
is, in the step of supplying the air fed by the air-supply
blower and the like into the air-blowing chamber 10, the
heating means 9 heats the air to heat the catalyst to the
catalyst-activation temperature necessary for the
decomposition reaction. Although electricity 1is
preferred as the heat source, the heat source is not

specifically limited. Referring to Fig. 17, the hot air
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is supplied to the air-blow ng chanber 10, and ascends
through the fist perneable bottom 35 into the reactor

3. The heating neans is required to increase the
tenperature of catalyst 2 to the catal yst-activation
tenperature at the beginning of the deconposition
reaction. Once the deconposition reaction proceeds,
however, the deconposition heat of the waste plastics
and ergaliiesl keepshet Aereplalvysl- atlambald 0, and ascends
tenperature so that the heating neans is not

nebessahi ktyier €quicr pdratten et battper s6dinEor thehecgaser 3.
that the waste plastics and organics 4 generate snal
afbenheaf i hgateahoweyergquineheat ing reearstBeheabhserature
the air supplied fromthe air-supply bl ower 19, as
neédedalyot SUpploha hethéabttectheateact temBer§ 0062]at the
Any of the above air-blowi ng chanber 10 plays two

r bkgsnofinghat fi stical | @ecemeosarider gascsupply t @nke the
and of a tank to supply heat necessary in the initia
peeicotrofsitieact i oncaW thnt he Prasente of tlveever, the
air-blow ng chanber 10, a plurality of hol es opened
oAecharPisist oper pebbifet hbottagihe BS aglCLowsathe rgamiicer keeps
gas supplied fromthe air-supply blower 19 or the .

| itke €6 tanivEér oF idiedtGrb (T RS &riti§ €0 i Fisidetlre bpeting
catal yst. [0053] The neans for treating waste plastics
aRg§2ofgani €3t NC@RTH o hy T U HeePpradseétt HhkeREreRd-s For
preferably a spiral blade not intermttently divided,
noRe E@é?eFQBFthesﬁ??B? pjgstics and organits 4 generate

small amount of heat, however, the heating means 9 heats
the air supplied from the air-supply blower 19, as needed,
to supply the heat to the reactor 3.

[0052]

Any of the above air-blowing chamber 10 plays two
roles of what is called the carrier gas supply tank and of
a tank to supply heat necessary in the initial period of
reaction. With the presence of the air-blowing chamber 10,
a plurality of holes opened on the first permeable bottom
35 allows the carrier gas supplied from the air-supply
blower 19 or the like to uniformly distribute to entire
inside of the catalyst.

[0053]

The means for treating waste plastics and organics

1 according to the present invention is preferably a spiral

blade not intermittently divided, more preferably a spiral
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bl ade having small auxiliary bl ade between the pitches

of the spiral blade, and nost preferably a spira

blade with attached snmall auxiliary bl ade 85. The
presence of the auxiliary blade 85 further increases

the contact efficiency between the catalyst 2 and the
waste plastics and organics 4. Other than the above,

the agitation nmeans in any of the exanples may be a
spilede hhadggWahehl i Susk Nl 247y thiemdd weiadrdete Phathes of
is, as shown in Fig. 21(a), if the spiral blade forns
atpkusplirty of adet ches @ atp raff vl ate sppaesilt boasle @ith
portion of circulating powdery or granular catalyst 2
andtwaske phadtli esixand aorgani ade 48 passTHdrmughenddeof the
notch 82. The action induces the agitation of the

pewderny aary gt amellSar ficat lady sthcZ aewistels the cwastee tpé At ctsncy
and organics 4, thus playing the role of both the
cbetukahi bhe gmamky St &hdntthehagiasit¢ e asgdns 6nd organics
Al ternatively, as shomm in Fig. 21 (b) , the

agi-tation neans 6 may be a plurality of axial flow

bl ades 83 which rotate centering on the rotary shaft

14 to gPveedribangtiorawte thHe poiderti ay rgreasuligr any of
catal yst 2 and the waste plastics and organics 4. In

t RAE c¥agel et Hee ¥ B al Sl hde e dehelGhmifateBer®BE thently
proj ect ed giece,84 may be attached to adequate ,
pOSVEFGA -onThAE tBtar§ SBAARt 1B4F1P0054]2Fur theFABrepiral
t he apparatus for deconposing waste plastics and ,
opééﬁ?csﬂé@E%réiﬁﬁ“%%?%%ﬁ&'pPgséﬁﬁxﬂHVbn??oﬁti5®ppr0prlate

positions, a portion of circulating powdery or granular
catalyst 2 and waste plastics and organics 4 pass through
the notch 82. The action induces the agitation of the
powdery or granular catalyst 2 with the waste plastics and
organics 4, thus playing the role of both the circulation
means 5 and the agitation means 6. Alternatively, as shown
in Fig. 21(b), the agitation means 6 may be a plurality of
axial flow blades 83 which rotate centering on the rotary
shaft 14 to give driving force to the powdery or granular
catalyst 2 and the waste plastics and organics 4. 1In that
case, the spiral blade may be eliminated, or a projected
piece 84 may be attached to adequate position on the rotary
shaft 14.
[0054]

Furthermore, the apparatus for decomposing waste

plastics and organics according to the present invention
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contains a nmeans for treating oxidation catalyst

adding to the above neans for treating waste plastics
and organics, and preferably contains a line
neutralization treatnent neans. [0055] The

deconposition apparatus according to the present

i nvention can have one or nore of the

fol |l ow ng-descri bed neans, (refer to Fig. 22). [0056]

( EpnAbumisna readrad Y¥olr treatmmptoneansidhedwihoed edding to
apparatus for deconposing waste plastics according to

t heepaeseatméamventd o nyafierablay t cagoptks itheahdl oryaaics,
catal yst treatnent neans" before the oxidation

cathdl yst fereatliyentorgteems Ehel ialamaat cat atysion treatment
treatment nmeans prevents adhesion of Si, My, Cr, Pb,
Faeecanand the |ike, or dust or the like to the

oxi dation catalyst. The alumna catalyst is

pri@Peabl y positioned before the oxidation catalyst
tank. An alum na catalyst tank may be installed

separ at €hg . derhngrest i hop tepperdtus ecobrdliogi ra the present
catal yst is preferably 350C or above. £0057].(2) .
CLOFRINGG ORREAD Thee cinsfimgorsans heeordl hgvindt@escribed
present invention S a nmeans (apparatus) which

chgshes wasterpltasttiids &7d - organics to a size

(pieces) suitable for the reactor of the neans for

t 184FIPAg waste plastics and organics. 51

(1) Alumina catalyst treatment means

The method or apparatus for decomposing waste
plastics according to the present invention preferably
adopts the "alumina catalyst treatment means" before the
oxidation catalyst treatment step. The alumina catalyst
treatment means prevents adhesion of Si, Mg, Cr, Pb, Fe,
and the like, or dust or the like to the oxidation catalyst.
The alumina catalyst is preferably positioned before the
oxidation catalyst tank. An alumina catalyst tank may be
installed separately. The heating temperature of alumina
catalyst is preferably 350°C or above.
[0057]

(2) Crushing means

The crushing means according to the present invention
is a means (apparatus) which crushes waste plastics and
organics to a size (pieces) suitable for the reactor of the

means for treating waste ©plastics and organics.

51



Accordingly, the crushing neans is not specifically
limted if only the neans can crush the waste

pl astics and organics. Preferably, however, the

crushi ng means has a capacity being able to crush
corrugated cardboard, and in particular for the case

of treating infectious treatnent articles in the

nmedi cal field, the crushing neans preferably has

t wecstrage g3yt tieg candhhas; e ené liiszad t epdaml.cg10068) nited
(3) Carrier gas supply nmeans The carrier gas supplied

t a ftdel y edeticanhs qaretenablthe axygencl Not hasd lay,d organics.
however, air is applied. Alternatively, an inert gas

ney clie rapplyi, echcasveeedeiche Theunbt hgdmkans sSupplyi ogpacity
the carrier gas uses the air-supply blower 19 and the

| bkee ngamdl s uppt reshtdue roaratiet cgasbdiesty; i oud iimgparticular
uniformy into the titanium oxi de granul es. The supply
rdve tsepreferablireb@3no iafeatiims theattheortetirtakllgs in
requi red oxygen anount using air at nornal

t éhpermdvreal dantlal ni hee oxygenlmg aneanduimtr afegesxslar yhas
for oxidation and deconposition of the deconposing
ocganis¢s g eFsomtties peichtiasofs ldacdnipositdtonl &# i ci ency,
1.6 to 3.0 tinmes thereof is preferred. Al though
bll8®Werfland the |ike can be used, they are not

speC|f|caII limted. For exanple a plurality of
hol es afe) pFevFded 8ast REPPBAL FERSF t he reactor 3
t hrough_whi ch hol es oxygen or the like is sup

Accor di “ﬁ@etcoaﬁﬁeew3ﬁss¥%?l%?%§tq ﬁaev%%%%to%llés?F%gerably

and organics of _the _present invention e carrier 2
oxyge%. Normalﬁ %wever alrjjsapplieg. [ternat?vely,

an inert gas may be applied as needed. The method for
supplying the carrier gas uses the air-supply blower 19 and
the 1like, and supplies the carrier gas distributing
uniformly into the titanium oxide granules. The supply
rate is preferably 1.3 to 4.0 times the theoretically
required oxygen amount using alr at normal temperature,
containing oxygen by an amount necessary for oxidation and
decomposition of the decomposing organics. From the point
of decomposition efficiency, 1.6 to 3.0 times thereof is
preferred. Although blower and the like can be used, they
are not specifically limited.

For example, a plurality of holes are provided on the
bottom of the reactor 3, through which holes oxygen or the
like is supplied. According to the means for treating waste

plastics and organics of the present invention, the carrier
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gas, preferably air, is directly supplied into the
catalyst <circulating in the reactor through the
pluralities of holes opened on the bottom of the
reactor, which significantly increases the
deconposition efficiency conpared with the
conventional nethod of supplying the carrier gas from
top of the reactor. [0059] Dust collection neans The
dystks, cotd £et 41ONy rEANSi actiatgl 119y E0Qpbhe epr BseRtthe catalyst
i nvention recovers netals and i norganics and/or
catiakystt idigschamgedec ando scattrgd thegm dhel 1 eact af holes
the neans for treating waste plastics and organics.
Theenecdover ede batabysbvfcanebeecseused. wAsScshoimmi Aiicantly
Fig. 22, preferably the dust collection nmeans has two
ofinthremssantdiweciengmphe itiomeeféutiahicyatbopatedawmeht the
nmeans. Furthernore, the first dust collection nmeans
i soprvehériabley methoboné susplytod| e iy meangas from top
(apparatus), and the second dust collection neans is
préf éhablrgagtdust col | ecti on neans (apparat us)
ﬁguipped with bag filter. (4) Cyclone dust collection
ARs(first dust collection neans) The catal yst
recovered by the first dust collection neans is
col | ect BdSbycalégelténe, mgadsthen is recycled to the
reactor through the_returning passage connected to the
react or TREherebycotifreiAg ForLfheceararyst to the present

circulation. The inventors of the present invention
cORVER e Bﬁcgﬁer§3metals and inorganics and/or catalyst

discharged and scattered from the reactor in the means for
treating waste plastics and organics. The recovered
catalyst can be reused. As shown in Fig. 22, preferably
the dust collection means has two of them sandwiching the
lime neutralization treatment means. Furthermore, the
first dust collection means is preferably a cyclone dust
collection means (apparatus), and the second dust
collection means is preferably a dust collection means
(apparatus) equipped with bag filter.

(4) Cyclone dust collection means (first dust
collection means)

The catalyst recovered by the first dust collection
means is collected by a cyclone, and then is recycled to
the reactor through the returning passage connected to the
reactor, thereby utilizing for the catalyst circulation.

The inventors of the present invention confirmed, by an
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experinment, that the first dust collection neans

recovers about 95% to about 99% of the catalyst.

(5) Dust collection neans equi pped with bag filter,
(second dust collection neans) If the catal yst

recovered by the second dust collection neans is fine
powder, the catalyst can be returned to the reactor
after formng the fine powler catalyst to dunplings
otxpedesiched shze. OGN sH Gludleab 1exchangenaeansrdbevers
heat exchange neans is a neans for recovering heat

f boua et aor abonttaidBing fcagtorcai axjoe. and trace

anmount of water through the heat exchange. The

obt ai ned5heat s t souirloec caon besartd ldgegdend tiehheati Aiglter,
means, though the use thereof is not specifically

| i(setedd Boustexandplest itdre megsess) t hereof i nclude the
heati ng of supply air, the supply to a preheater, the
supply t6 hotewataraiyst heqlamrdacidy tités, serohd dust
melt snow. [0061] (7) Preheater neans Before the
oxidaticonopatiat gzt tpediitent popreheattilry catalyst can be
(prelimnarily heat holding) is preferred by a heater
nmeghsrnefhe preheatieagtios sfitsabl E0FBENTh&ENEX| digts opowder
catalyst to surely act in the reaction in the case of

| 6WteoNEentrative®ligas &t of ok Isats yeheration in

the d iti t ank. 0062] 54
[%06%%onp05| ion tan [ ]

(6) Heat exchange means

The heat exchange means 1is a means for recovering heat
from a hot air containing carbon dioxide and trace amount
of water through the heat exchange. The obtained heat
source can be utilized in the heating means, though the use
thereof is not specifically limited. For example, the uses
thereof include the heating of supply air, the supply to
a preheater, the supply to hot water in the plant facilities,
or to melt snow.
[0061]

(7) Preheater means

Before the oxidation catalyst treatment, preheating
(preliminarily heat holding) is preferred by a heater means.
The preheating is suitable for the oxidation catalyst to
surely act in the reaction in the case of low concentration

gas or of low heat generation in the decomposition tank.

[0062]
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(8) Exhaust bl ower nmeans The exhaust bl ower neans is a
means to discharge a safe air containing carbon

di oxi de gas and trace anount of water, generated by
deconposition of waste plastics and organics, to

out si de the deconposition apparatus for the waste

pl astics and organics of the present invention.

[0063] (9) Cooling nmeans The cooling neans is a neans

to cool (shergatakysblbhert heanheactor in the case that

the reactor exceeds the optinmum activation

t enper arbheeczbhaesof bl beecahabyst i sThemeanki 1g dhethedge a
recovers the heat fromthe reactor preferably by

f kavikengi ¢ aodn gl miat @ rcaeoticet nldbxadel pheranad tofaddhemount of
reactor, (preferably using |atent heat or heating the
coeltiemg watherkt ethé yretdaohpcss 1 thowevef ,waote plastics and
specifically limted, and cooling water may be

i proeddced itnt oubkade ohet Aecbinkesitf0064pretByuHedbr the
recovery neans The heat recovery neans is a neans to

hokd ter pdeisltilze amnide dresn sl aiihddr 4 romadiet coorémgion.
wat er. The recovered heat can be used in hot-water
suppleylin the plant facilities or in nmelting snow

The uses of the recovered heat are, however, not
limited(Po FABSENFi 8ANGbove. [0065] (11) HCL

conti nuous neasurenent neans The HC conti nuous

nmeasur efBftCHRbhRY e H freand Foanssto cool the catalyst 1n

the reactor in the case that the reactor exceeds the optimum
activation temperature zone of the catalyst. The cooling
method recovers the heat from the reactor preferably by
flowing cooling water external or internal of the reactor,
(preferably using latent heat or heating the cooling water) .
The method is, however, not specifically limited, and
cooling water may be introduced into blade or the like.
[0064]

(10) Heat recovery means

The heat recovery means is a means to hold or utilize
the heat obtained from the cooling water. The recovered
heat can be used in hot-water supply in the plant facilities
or in melting snow. The uses of the recovered heat are,
however, not limited to those given above.
[0065]

(11) HC1l continuous measurement means

The HCl continuous measurement means is a means to
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confirmwhether the HO is absorbed and renoved by the
lime neutralization treatnment neans. That is, the
nmeans prevents the HO concentration at or above
specified level fromemtting outside the
deconposition apparatus for waste plastics and
organics of the present invention. [0066] (12) CO
conti nuous neasurenent nmeans The CO conti nuous

Measfh e el e TREAS Hes Ha 1IMeanSH 8 b&DRhidr Prmbethasy tthe 1ime
oxi dation catal yst treatnment nmeans converts COinto
cachomadioxitden Thatatsenthend®Eans prexyentistheh@O means
concentration at or above specified |evel from

epiretvieng souhsiHiEl the cdedorpasirt Bono apanat seetalrf iwasi evel
pl astics and organics of the present invention. [0067]

( I3pmAtrar it Trea s LAl teotuigh delvengecopasi appar apparfatusaste
of the present invention conducts safe operation
conbetricsg atol thganegal ofr edud atiemst thevapparat us

stops operation if the safe zone 1is overridden even

t d04oslli ght degree. That is, the alarm neans notifies
the abnormality when the neasurenents in the HC

cont i nuols) nBdsapeiveAt oReans aghdrsenith&@s@@cont i nuous
measur enent neans detect CC or HCl concentration above
the staffaFd FERELNEPES HCaFUITgHIL deglee. 18 @ means to
Preferably, in case of abnormality detection, toxic

94984 1aFe "RRThAT owedl PB1deRi PRoeditde Sithe- eiipar et usmeans

using a safety neans (apparatus). 56 ,
conVerts CO” 1into carbon dioxide. That 1s, the means

prevents the CO concentration at or above specified level
fromemitting outside the decomposition apparatus for waste
plastics and organics of the present invention.
[0067]

(13) Alarm means

Although the decomposition apparatus of the present
invention conducts safe operation conforming to the legal
regulations, the apparatus stops operation if the safe zone
is overridden even to a slight degree. That is, the alarm
means notifies the abnormality when the measurements in the
HC1l continuous measurement means and/or the CO continuous
measurement means detect CO or HC1 concentration above the
standard level even at a slight degree. Preferably, in case
of abnormality detection, toxic gases are not allowed to
emit outside the apparatus wusing a safety means

(apparatus) .
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[ 0068] Deconposition systemof waste plastics and
organics of the present invention The deconposition
system of waste plastics and organics of the present

i nvention uses any of the above-described

deconposition apparatuses, and furthernore uses
favorabl e catal yst and/ or favorable deconposition
condition to conduct the deconposition of waste

pliastisgs and organi cs. The deconposition system of

waste plastics and organics of the present invention

can useDacdepospasbhi &Nstappaf atasst gipven tinsFegd @8ganics
cont ai ni ng the conventional neans for treating

opganies prieaeinng iaveaticlos se reactor, thus conducting

t he deconposition of waste plastics and organics

usi ng fUhthetecsunpabl el cat alyssterand fdecotposiptliasitics and
condition, (refer to Fig.6). [0069] Further, according

t orgheideconpostih¢ orrrretdiod omvaleconpositdson agyst edh the
of waste plastics and organics of the present

i prenerdesowhérd he westagslsistias to derdrebteds, are and
vari ous nedical waste plastics, such as
pélyhayekicor ides potyrifat hanea tandd/ stef oA/ ggr ) favorable
there are generated hydrogen chloride, sulfur o
Céﬁﬁ@@ﬁ@§}tﬁ@@ré@@@lHQQR”Wﬁé¥H§Wm$gﬁﬁ@ decomposition of
ni t rogen-contai ni ng conpounds, in the treatnent

pHaEEEs PLAFdcFerchIcidede Gnd the |ike would not be

emtted into atnosphere as they are. Therefore, the
57 The decomposition system of waste plastics and

organics of the present invention can use a decomposition
apparatus given in Fig. 23, containing the conventional
means for treating organics, having a batchwise reactor,
thus conducting the decomposition of waste plastics and
organics using further suitable catalyst and decomposition
condition, (refer to Fig.o6).

[0069]

Further, according to the decomposition method or
decomposition system of waste plastics and organics of the
present invention, when the waste plastics to be treated
are various medical waste plastics, such as
polyvinylchloride, polyurethane, and Teflon®, there are
generated hydrogen chloride, sulfur compounds, hydrogen
fluoride, cyan gas, nitrogen-containing compounds, in the
treatment process. Hydrogen chloride and the like would

not be emitted into atmosphere as they are. Therefore, the
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“lime neutralization treatnment process"” is introduced.
The linme neutralization treatnent process neans a

process of adsorbing to renove hydrogen chlori de,

sul fur conpounds, hydrogen fluoride, cyan gas,

ni trogen- cont ai ni ng conpounds, and the |ike to prevent

them frombeing emtted into atnosphere. The |line
neutralization treatnment nmeans is a nmeans (apparatus)

f on iads akbitRg 1t a tied e ddrese h@ird @ €41 tid hem rod@ced.
at nosphere. Specifically the process uses a line

mat er i affheconskesthieng radiinlayt ioh qucddnars; ot ekeds | haegns a
or their mxture, which linme material is then nol ded

I ptroc2senodr adkargéngpopousnpekl eydodbghydebyenide, sulfur
chl ori de-absorber. Thus prepared pellets are packed

i poappemoval vesseldroblem gasestlwont@ ni ng thean gas,
af orenenti oned deconposed waste plastics-originated
hypdtogegrnchioortiade inandonheuhike aardethbrlodghtotoa gyasy. them

t hrough the renoval vessel, thus letting the hydrogen
chlrorilgeinaadithed ikeo psacsrand cabsloe B it peuthelization
pellets. [0070] The line material according to the
ptEsafienfy @seinen 1 snay Ms@nfui ckin area T s lakeer | #@@orbrng to
m xture of them It 1is preferred that the Iine
nﬁ?@PNﬁltB@SﬁDP@édtﬁbQ@%ﬁnﬁﬂemI%ﬂ%ﬂﬂaﬁﬂﬁiﬂhﬁ{%{Iet.

The nethod of nolding the pellets is arbitrary, and

si npl e RABGHEAGENIYh WakerPEF WY oFSTD aflﬁémﬁaym%Eerlal
appl i ed. For exanples powder of line material 1is

nFRed Wit R Mmdt B 16 af mslid&si e Mfar dhe3 s wWHiLER /i §]§( heheir

mixture, which lime material is then molded into 2 mm or
larger porous pellet of hydrogen chloride-absorber. Thus
prepared pellets are packed in a removal vessel. The gases
containing the aforementioned decomposed waste
plastics-originated hydrogen chloride, and the like are
brought to pass through the removal vessel, thus letting
the hydrogen chloride, and the like react and absorb into
the pellets.

[0070]

The lime material according to the present invention
may be quicklime, slaked lime, or a mixture of them. It
is preferred that the lime material be molded to 2 mm or
larger porous pellet. The method of molding the pellets
is arbitrary, and simple kneading with water to dry or to
firemay be applied. For examples, powder of 1lime material

is mixed with water to a moldable hardness, which is then
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extruded froman extruder to cut into pellets. The

shape of the pellet is arbitrary, and spherical,

di sk, circular cylinder shapes nay be adopted. The

size of pellet is 2 mmor larger. If the size is

smaller than 2 mm the pellets becone close to

powder, which raises problens on apparatus caused by
pressure | oss of air, on emssion and entrai nnment of
pewdendean ffrioht em, caftdide ldKesut Aldthough toas se

pell ets can be used in principle, increased size

decr easeseefides erfcyheFoel peacid ealbiappldycathanspherical,
size of 10 mmor snaller is preferable, and an

exipeii, mentrcugievenyiy ndke ishe@rtsons yobet helopitesient The size
i nvention showed a favorable range of size from3 to
7oimmpell067 1} s Theuhiome Iaterr al Iusetiel nivkelsl emeller than
neutralization treatment process" according to the
décompodiltd qre ietthodocobmaast espl dst itcsvdsfr t heh prleseatses
invention prefers to use quicklinme rather than sl aked

| brreblThe Pindngraasisderived ofr beasmsasdpement ofr, on
chlorine-fixing rate using line materials (porous
qeinéRisire 2md coltakeéamiente) £ giovsieroyor Hd 1 iafveandridicot 1ke.
the present invention (referring to Fig. 2) [0072]
Fﬁ#ﬁ%@ﬂght%%avﬁﬁé%ﬂdéﬂﬁ%ﬁﬂnéﬁbﬁfeﬁnuﬁﬁélmﬁ#@lﬁatéﬁFéPased
is preferably small to 20 %0 or less, and nore _ . ,
pPefér A5IoF cEF e Sore flelssl eTrhe il iy Mals! @ret | vl £ Fom-ans/
measurenent for various water contents in |ine ,
nat-éfi aF st ¢ SRKTd o Snd S GUPEREPRE  gPPEnaBy ¥ Rgr tment

inventors of the present invention
ggven Ey tLe inventors of the present invention showed a

favorable range of size from 3 to 7 mm.
[0071]

The lime material used in the “lime neutralization
treatment process” according to the decomposition method
of waste plastics of the present invention prefers to use
quicklime rather than slaked lime. The findingwas derived
from a measurement of chlorine-fixing rate using lime
materials (porous gquicklime and slaked lime) given by the
inventors of the present invention (referring to Fig. 2).
[0072]

Further, the water content (ppm) in the lime material
is preferably small to 20% or less, and more preferably 10%
or less. The finding was derived from a measurement for
various water contents in lime materials (slaked lime and

quicklime) given by the inventors of the present invention
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(referring to Fig.3). [0073] The heating tenperature
inthe linme neutralization treatnent process is
preferably from 150C to 500C, nore preferably from

200C to 400C, and nost preferably from 250C to 350C

The finding was derived fromcal cul ation of the
theoretical chlorine-fixing concentrations (referring

to Fig. 4). Inthe related art, the adsorption

t reatreentngf thydriegen .chloride and the like is

conducted at normal tenperature and using sl aked

l ifoe73The incineration furnace or the like in the
related art conducts the adsorption treatnent of

hydr ogefihehheat degandmpheatirtke iaf tee deweeasingalheation
tenperature of flue gas after conbustion. Since the
powdermehtspakedski e pise lsesbln fhen Il At ed o0, Ct heore
handling of slaked linme is troublesone, and the
apparfatra® liys flramg@0adsingobAa§OofCl t end mpeh baeferabés from
and in switching operation. However, the adsorption

aR@0 °Ferpvab 0t ¢ eatHentf io¥d itrtie wiaismdemaveri aromceat dithgtion
to the present invention can be done at the flue gas

t edper@ier e thefor@t itded decbhposnerdaxiagct | oMLCEODT4fFions
For the line neutralization treatment process, a line
néUEEarir2a0i b Treathent Lappar ditls (erears) itsesailsabpyilon
enpl oyed. In the linme neutralization treatnent

apparafgst otheverrgent Fhilgedds paekébet ahke Fpeconducted
pellets drop fromto of the packed tank toward the

b&tt ofPFhereof SRR FeUERe gas ®Bing slaked lime. The

incineration furnace or the like in the related art conducts
the adsorption treatment of hydrogen chloride and the like
after decreasing the temperature of flue gas after
combustion. Since the powder of slaked lime is used in the
related art, the handling of slaked lime is troublesome,
and the apparatus is large using bag filters with large area
and in switching operation. However, the adsorption and
removal treatment of the lime material according to the
present invention can be done at the flue gas temperature
after the decomposition reaction.

[0074]

For the lime neutralization treatment process, a lime
neutralization treatment apparatus (means) 1is suitably
employed. In the lime neutralization treatment apparatus,
there is utilized a packed tank. The pellets drop from top

of the packed tank toward the bottom thereof, while the gas

60



to be treated flows frombottomto top while
contacting with the line pellets. A pellet-stock
portion is |ocated at upper portion of the packed
tank, and a di scharge portion for the used pellets is
| ocated at | ower portion of the packed tank. The
packed tank is isolated fromthe reaction vessel tank
by a shutter, a rotary valve, or the like. The

dicsah@arge arater 1 Swe adnobbedohyt d heptwieat et acting with
concentration and the treatnment rate. The apparatus

I $hpr ovimdedaliltdtsa  heatedn dte rekentodel drquescenceted at
phenonenon. The deconposition nethod conducts the

t teakmenbrat oa bf ghhe trenperdtosre ,sanchat dhecharge portion
del i quescence phenonenon appears. Nevertheless, a
héatrelthpr ocesss pies lprtef @raablocappl ied tover gspondohoof the
the non-heating state. [0075] An "oxidation catal yst

t peatkreEntapk oce¥s paayebet anhtirsodacédtiedtorathehe reaction
deconposition nethod of waste plastics and organics,
amgsaclnmeank Hoe sheateng oxicdattvormadaeal ystthe gayepbe The
i ntroduced into the deconposition system of waste
phastihes Jgniek ot gani et aetbrdbngth® tirise threadeppncentration
i nvention. The oxidation catalyst treatnent process is
cepduthedirpeEnase fhecwaste plcastiadsisaand erganicest with a
deconposed by the heated titani um oxi de catal yst have
al'epé&si billq t yPBEV PRt ng Rt IpEECEESy JEETHIBTRRS? - and The
that the non-reacting matter and _internedi ate ,
p?@&@@?@sﬁﬁﬁopeﬁﬁ¥ﬁ?£ CPRAEESP. Chfustraek®ringtt ¢ high
the present inven%ion, t he. . succeedi ng oxi dation

cgﬁg'ﬁgﬁtPFéaFﬁeﬁ aErB%eggl;gueggence phenomenon appears.

Nevertheless, a heater process is preferably applied to
respond to the non-heating state.
[0075]

An “oxidation catalyst treatment process” may be
introduced into the decomposition method of waste plastics
and organics, and a "means for treating oxidation catalyst"”
may be introduced into the decomposition system of waste
plastics and organics according to the present invention.

The oxidation catalyst treatment ©process 1is
conducted, because the waste plastics and organics
decomposed by the heated titanium oxide catalyst have a
possibility of beingnot-perfectly decomposed, and that the
non-reactingmatter and intermediate products may leave the
reactor. Thus, according to the present invention, the

succeeding oxidation <catalyst treatment process 1is
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preferably conducted for further oxidation or
deconposition. The oxidation catal yst treatnent

process is preferably given after the line
neutralization treatnent process. [0076] The

oxi dation catalyst is the one which generally

initiates oxidation and deconposition reactions at

| oner tenperature and shorter tine than those in the
case fefrabngn- cataldridted eactdons. fihet€r ar eox¥ataeibes or
of known oxidation catalysts of that type, and they
atecooppericiiahnl.y Thvackabheioftenetallyytt becaemaehtoprocess
tenperature is in a range from 200C to 500C

Adeqritk Tgrdlol ¢ ke venesendr thevehte aruthevevert,i 3006 atment
above, and preferably 350C or above, is adopted. That

i rbeeadse, for the case of deconposition of

varieties of waste plastics and organics, the

gener’atled non-deconposed gas is not necessarily a

si ngl e substance. Therefore, 350C or higher

t enper afheeoxiidapiehercedd tvs tedripl et gnelecohposgeneral 1y
m xed non-deconposed gases. Fromthe point of

effiltieney anddefienf et Jefenposoftiapparactisonshet lower
present invention prefers a honeyconb type catal yst.
PLalPrimtEaCalapst SOBLRT ablBef 6hal FBRSE o the case of
convertln% car bon nmonoxi de to carbon di oxide, and for
d@@ﬁﬁﬁé§@ Néﬁcoﬂﬂ%ﬁ&#oWWdro%%@%%nérﬁn&3V®@§%ﬁﬁﬂ%ﬁ|k@own
or gani ¢ .conpounds). Pall adium cataly is suitable for
n@%ﬁgﬁélﬁéscﬂ%%%ﬁﬁB%f¥qBHatA§@6% ﬁﬁés%h%%ﬁgﬁy%@%mer%aally

available. Generally the reaction temperature is in a
range from 200°C to 500°C. According to the present
invention, however, 300°C or above, and preferably 350°C
or above, 1is adopted. That is because, for the case of
decomposition of varieties of waste plastics and organics,
the generated non-decomposed gas 1is not necessarily a
single substance. Therefore, 350°C or higher temperature
is preferred to completely decompose mixed non-decomposed
gases. From the point of efficiency and of effectiveness
of apparatus, the present invention prefers a honeycomb
type catalyst.

Platinum catalyst 1s suitable for a reaction
converting carbon monoxide to carbon dioxide, and for
decomposition of lower hydrocarbons and VOCs (volatile
organic compounds). Palladium catalyst is suitable for

methane gas decomposition. As of these catalysts,
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pal | adi um and pl ati num catal ysts are preferred in the
present invention. The treatnent order of application

of themis preferably palladiumcatal yst followed by
platinum catalyst. It is preferable to conduct a
pre-heating treatnment (previous heat retention)

before the catalyst treatnent, in order to treat the
oxidation catal yst steadily when a gas having a | ow
coacentiak omd | pvetintf, certdiRetheaire genreratired atn the
t he deconposition tank is |ow [0077] The oxidation
catralsyst: afhfreatsoaonsTideratdytidet apdadaifoappliication of
non- conbusti on substances such as carbon nonoxi de and
hytdeocas poreste \At 1 pxydeniandcat aayserfai lowed by platinum
tenperature, alnost all the substances are i mediately
oxkdtledgdtt.0 deconpose. Carbon nonoxi de becones carbon

di oxi de, and hydrocarbons beconme carbon di oxi de and

wat er. If0D98jrHipndiers tcheometundd aoprdebeaposingreatment
waste plastics according to the present invention
priefrerabluy adept sethatival uhthareathkysetetgatneneatment,
process" before the oxidation catalyst treatnent
prBcessderThe araatniheatalgstionreatameetppbeedsly when a
prevents adhesion of Si, My, C, Pb, Fe, and the

| PRE, NV idgsta ofO heonfRetfotifB &kicdat i6r vatd ysite heat
The alum na catalyst is preferably positioned before

t HERCHRITARN G CalCaldPSOMPATL t 1A dlafhf nsS YAl yst t ank
naé be installed separately (referring to Fig.5). The
hedfi'dd 63

The oxidation catalyst affects considerably the
oxidation of non-combustion substances such as carbon
monoxide and hydrocarbons. With oxygen and at a certain
temperature, almost all the substances are immediately
oxidized to decompose. Carbon monoxide becomes carbon
dioxide, and hydrocarbons become carbon dioxide and water.
[0078]

Further, the method of decomposing waste plastics
according to the present invention preferably adopts the
“Yalumina catalyst treatment process” before the oxidation
catalyst treatment process. The alumina catalyst
treatment process prevents adhesion of Si, Mg, Cr, Pb, Fe,
and the like, or dust or the like to the oxidation catalyst.
The alumina catalyst is preferably positioned before the
oxidation catalyst tank. An alumina catalyst tank may be

installed separately (referring to Fig.5). The heating
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tenperature of alum na catalyst is preferably 350C or
above. [0079] As described above, the present

i nvention can conbine: the oxidation and

deconposition by titanium oxide; the renoval of

hydrogen chl oride, hydrogen fluoride, sulfur

conpounds, nitrogen-containi ng conpounds, and the |ike
using the lime neutralization treatnent; renoval of
dustipeand utrke d1 kel byitdhecatum;pa cat alrestedaraat NnBRGSC or
and/ or further oxidation and deconposition by an
oxbdati.on catalyst. [0080] The fl ow of deconposition

nmet hod or deconposition systemfor waste plastics and
orfgarnio¢s for waste plastics and organics according to
the present invention is illustrated in Fig. 6. As

given i AsFideséribhhe adescompodiltd opresthad ohvehéion can
present invention can contain, adding to the
abovéidescriidedipetdessesd deherpios-isuppl yy tprtecesy, oxide;
the cooling process using cooling water, the emtted

t ithani e oxd dé lretovesly cadd ridgs eh piveess fugiorgde, sulfur
cycl one separator, the heat exchange process using
heatrogrdiangert radr vt t el 1eet Fonrprbeess ang! ridmveike
fine powder, the exhaust gas process using exhaust
bpéﬁéﬂ}tbﬁell@ﬁhﬁa§trgééZégﬂ@ncéﬁﬁﬁémeﬁﬁécé§@oﬁ§ﬂn@f dust
hydrogen chl oride detector, and the exhaust gas safe

cohtr sihepriodesPusFRg 2Eordepecdrlyed treatment; and/or

further oxidation and decomposition by an oxidation
catalyst.
[0080]

The flow of decomposition method or decomposition
system for waste plastics and organics for waste plastics
and organics according to the present invention 1is
illustrated 1in Fig. 6. As given 1n Fig. 6, the
decomposition method of the present invention can contain,
adding to the above-described processes, the air-supply
process, the cooling process using cooling water, the
emitted titanium oxide recovery and reuse process using
cyclone separator, the heat exchange process using heat
exchanger, the dust collection process to remove fine
powder, the exhaust gas process using exhaust blower, the
exhaust gas safe control process using hydrogen chloride
detector, and the exhaust gas safe control process using

CO detector.
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The above individual steps can be naturally

elimnated or nodified. [0081] Furthernore, the
deconposition nethod or deconposition system for

wast e plastics and organics for waste plastics and
organi cs according to the present invention may adopt
the "process of separating netals and/or inorganics.”
The waste plastics and deconposed materials which are
oxi di zedher dpeoaposediky dike abawes headed wat ahystrally
may contain netals such as stainless steel, iron,
akuriniumt: cand rc apjerf,icand i nor gani cs, and may have
vapor - deposited or adhered nmetals on the surface

t heoeafl. Those ki nds of metals are not deconposed,
different from the waste plastics and organics, and
enter therthtahyst,to tdocunufiatempnstheéoneactmgrthod or
Therefore, the process of separating netals and/or

i decgapioes tdepasatsesmandrr seover plashecaetabsofgemithefor
catalyst. Not only the waste, there are many
maeetieal sld st whs chntheo plasi¢es agicogdgjanti csoartdhe present
integrated with netals and inorganics. The present

i ARERNICART duadbl edept dédenpiseconty Phe Ssikstdtdsnprmetals
organics in the materials integrated with netals and

i ABEgani deoraiiscs dki nfhoutashe Pt cancend decomposed
inorganics.W%?O82] For the nmethod of separating and

r BESPELPH§ 1410s 2 T Prord i afst gani €_C ORI S @ appl Blre gabove
si eve having an opening to allow greatest dinension
opeﬁﬁgdgg%%%}%§tpﬁ@hﬁpﬁﬁgbgmggxﬂgssuchzﬂsstalnless steel,

iron, aluminum, and copper, and inorganics, and may have
vapor—-deposited or adhered metals on the surface thereof.
Those kinds of metals are not decomposed, different from
the waste plastics and organics, and enter the catalyst to
accumulate in the reactor. Therefore, the process of
separatingmetals and/or inorganics separates and recovers
the metals from the catalyst. Not only the waste, there
are many materials in which the plastics or organics are
integrated with metals and inorganics. The present
invention is able to decompose only the plastics or organics
in the materials integrated with metals and inorganics,
thus taking out the metals and inorganics.
[0082]

For the method of separating and recovering metals
and/or inorganics, for example, a sieve having an opening

to allow greatest dimension of the granular titanium oxide
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catalyst to pass through is located in the reactor.

Wen only the netals and inorgani cs caught by the

wire mesh are taken out, the netals and inorganics

left in the reactor becone m ni mum vol une.

Alternatively, the catalyst and the netals and

i norgani cs may be separated fromeach other by the

difference in the specific gravity. Metals such as

akbumbnymct bonph ok | thbehh hiavel sdmdd @rirspee eector. When

gravities than that of catalyst float above the

cahalyyshe du i s thel ipoecess of cagbhat bngcideritrid agistinhre

oxi de catal yst, thus they are selectively recovered.

| takkke petovehengenefal ahd anomggneétsclene, imaghet rsattor

or magnetic field may be used to separate the netal

f berotiee maatiatuys tvo ITres metthide rofat iseplaratting oetal gst and

fromcatalyst is not limted to above described ones.

[ 00837eThés agid dticory aofl dsheayabal sesta cohpdgetbrokatheother

titanium oxide granules and the waste plastics is

condilee etl Hicreneotiat tbr speedfof Graphtyo Mehgm such as

preferably 10 rpomto 40 rpm depending on differences

oﬁlamvﬁmwnﬁhéﬂ fhélreaéebrhavehamghipe opefhéic gravities
itation bl ade and the agltatlon method. It is
éﬁ@rﬁbﬁé 5 %#ﬁﬁ%@ﬁ¥rﬁ#@%ﬁn@hﬁﬁﬁaﬁﬁﬁnC§§éé65§véﬁrﬂﬂg the

the reactor is for batch type or circulation t

TRirs cgapuet ifg idétemd el by adonyt aslifcCihel Y& t1¥¥%ﬁthey

abrasion of the titani um oxi de_becone | arge when the

réFﬁt?8&e§6é§€lﬁsr€68VﬁF§ﬁ- ahd thatTepRvaeing metal is a

eff|C|enc of the titanium oxide and maite pl astics
aRapoE 6Fggﬁp08mp§neéésm_or magnetic field may be used to

separate the metal from the catalyst. The method of
separating metals from catalyst is not limited to above
described ones.
[0083]

The agitationof the catalyst composedof the titanium
oxide granules and the waste plastics is conducted at a
rotation speed of 5 rpm to 70 rpm, preferably 10 rpm to 40
rpm, depending on differences of a volume of the reactor,
the shape of the agitation blade and the agitation method.
It is preferable to employ the same rotation speed even if
the reactor is for batch type or circulation type.

This value is determined by considering the fact that
abrasion of the titanium oxide become large when the
rotation speed is too high, and that contact efficiency of

the titanium oxide and waste plastics and/or organics is
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| oner ed when the rotation speed is low. In other

words, it is preferable to apply a load at 0.75 kWto
1.5 kWto 100 kg of the titanium anount while

regul ating an inverter at 30 Hz to 70 Hz. [0084] The
carrier gas supplied to the reactor is preferably

oxygen. Normally, however, air is applied.

Alternatively, an inert gas may be applied as needed.
Theweethogheh touwpplotiang driheseard iies uas. preferably
supplies the carrier gas distributing uniformy into

the titani cohexiwer@sanut ess prEfe i ycamwilty kSload at
preferably 1.3 to 4.0 tinmes the theoretically

r équicr & oxygeh awouot 108i hg afrtlhae notamium amount while
tenperature, containing oxygen by an anount necessary

f orgudxitdati em amd edeconEdsid ¢iv ofo t'he Heconposi ng
organics. Fromthe point of deconposition efficiency,
1.060684813.0 tinmes thereof is preferred. For exanple,
there is a nmethod of supplying oxygen and the |ike

from a Bhaerausi smakls siopeslie@riovided orctdve Usoprehebsbly
the reactor. [0085] The waste plastics and organics
appl/oeabl eNepnaheéy, destiposi &6 frePhddeddecdhrposiatarely,
apparatus, and deconposition system according to the
pPesdmelinvéEnt i Bavare ardtlispece$i egrPypd-i milihed, miHd of
adding to the general-purpose thernoplastic plastics .
sﬁéﬁpg§1n60F9@t%@¥%h%réﬁﬁséﬁﬁyﬁﬂﬁﬁyﬂéﬁ@PFﬂH§s the carrier
thernpsetting plastics can be deconposed and gasified
b§a§mg§ﬁﬁ}ﬁﬁﬁb@gpﬁéfﬁﬁ&%ﬁﬁnt%ﬁhetltanlumox1degranules.

The supply amount is preferably 1.3 to 4.0 times the
theoretically required oxygen amount using air at normal
temperature, containing oxygen by an amount necessary for
oxidation and decomposition of the decomposing organics.
From the point of decompositionefficiency, 1.6 to 3.0 times
thereof is preferred. For example, there is a method of
supplying oxygen and the like from a numerous small holes
provided on the bottom of the reactor.

[0085]

The waste plastics and organics applicable to the
decomposition method, decomposition apparatus, and
decomposition system according to the present invention are
not specifically limited, and, adding to the
general-purpose thermoplastic plastics such as
polyethylene and polypropylene, the thermosettingplastics

can be decomposed and gasified by the method of the present
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i nvention. Although the waste plastics and organics

are preferably crushed to several mllineters square,

in view of deconposition efficiency, they are al so

able to be deconposed w thout crushing. The materials
whi ch can be deconposed by the deconposition system

for waste plastics and organics according to the

present invention include but are not specifically

| ipvtedibe .or ganhesghatdeexaspkeplobttibesendapphhcabkeare
materials are: plastics including polyethyl ene,
pekypeepypllegnerupbkyess edgvdgpod y etinyll ieneterephtulialat en view
pol ystyrene, pol ycarbonate, polyurethane,
polty\denydnghd sorti idey déffionendiyapeievardidi giab able to be
di al yzer; anticancer drugs; treated articles relating

t degenposkesearttlouti nfrorsidtticon-rel ati ng devi ce

termnals; confidential information-relating devices
(such a%he€Dmteriahst eviplalst icmn gérer deedmposmd by  the
aut onobi | es and househol d electric appliances;
vakegabbesmstian recoveny;fandvaseparatddni of enganbrganics
fromnmetal s and i norganics. For the case of nedica
wasterdiher écartdrofpensext st pHgnreral $nsyeile ggit are not
stai nl ess steel and al um num dependi ng on the uses, or
eRPSCILAg CRapor dEPdsid e o1r Tdhicted FRd ap 62l ¢heot these
surface thereof. The waste plastics are not limted

t 6PPHe Ca9ed NPt st 3 ABE &t 3Dt e Ludd UddmaredY pubylene,
unnecessary plastics. and organics. [0086] The present

i RPSHPEOR YWERE /be HRS¥EFBBH i n RhkYelggyleneterephthalate,

polystyrene, polycarbonate, polyurethane,
polyvinylchloride, Teflon®; diaper; artificial dialyzer;
anticancer drugs; treated articles relating to gene
research; information-relating device terminals;
confidential information-relating devices (such as CD-R);
waste plastics generated from automobiles and household
electric appliances; valuable metal recovery; and
separation of organics frommetals and inorganics. For the
case of medical waste, there are often existing metals such
as stainless steel and aluminum depending on the uses, or
existing vapor-deposited or adhered metals on the surface
thereof. The waste plastics are not limited to the used
plastics but also include non-used but unnecessary plastics
and organics.

[0086]

The present invention will be described in the
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following by referring to exanples, but the present
invention is not limted to those exanples. [Exanple

1] [0087] Study of heating tenperature The opti num
heating tenperature for the catalyst conposed of the
titani um oxi de granules and the waste plastics was

studi ed. Conditions are as follows: 1. Experinental
device (reactor): Agitation type deconposition
expernomenal bpactd e {2200 tBl) e2amPlesf | it othe present
introduced: 50 L/mn 3. Inside tenperature of reactor:
300€en8206, 1350Ct 1380EeAQRC, tHMROC, ex4nf}d e 430C, 500C,
530C, 550C, 560C, 570C, 580C, 600C 4. Used catal yst:
70@xgmoflet iltlani um oxi de catal yst (SSP-G Lot. 051108
avai |l abl e from SAKAI CHEM CAL | NDUSTRY Co., Ltd.) 5.
WA9PE& /pl asti cs: Pol yethyl ene pellets 1 g/one charge

For neasurenent of a gas concentration (NO7, CO CO,

0-, CH4ytudygas bemtenur aeimperedntrienuous neasuri ng

device PG 250 (manufacture: HORI BA, Ltd.) was used.

[ 0088] The wastewupl dstdicivmstdeconpdsiei diott rideg edabalyst
the above tenperature. The results are shown in Fig.
7conphécfastie phastitanasmnot=iglt edrendeesnposed-a waste

heating tenperature of 300C. This is because, when a
gplastics was studied. Conditions are as follows:

1. Experimental device (reactor): Agitation type
decomposition experimental machine (2200 mL)
2. Air flow to be introduced: 50 L/min
3. Inside temperature of reactor: 300°C, 320°C, 350°C,
380°Cc, 400°c, 420°cC, 450°cC, 480°C, 500°C, 530°C, 550°C,
560°Cc, 570°C, 580°C, 600°C
4. Used catalyst: 700 g of titanium oxide catalyst (SSP-G
Lot.051108 available from SAKAI CHEMICAL INDUSTRY Co.,
Ltd.)
5. Waste plastics: Polyethylene pellets 1 g/one charge
For measurement of a gas concentration (NO,, CO, CO,,
0., CHy), a gas concentration continuous measuring device
PG-250 (manufacture: HORIBA, Ltd.) was used.
[0088]
The waste plastic was decomposition-treated at the
above temperature. The results are shown in Fig. 7.
The waste plastic was not able to decomposed at a

heating temperature of 300°C. This is because, when a
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heating tenperature is 300C or |less, the titanium

oxide has no activity and no deconposition ability
functions, the waste plastic was nerely nelted at a
tenperature of 300C and al nost all thereof adhered

and was deposited on the surface of the titanium

oxi de. Wien heating at 300C continuously, the surface

of the titani um oxide was covered wth the organics
deekveddf tempthe twast e spBasticcsrt bepBkeththeicahaliyt beide
activity of the titaniumoxide lost. At a heating

t eapet@turte voft y350&€nd heughptbetheacith oni t wasingltiighid,ythe
occurred, the result was the sane as that at 300C At
awheati ngatenpevas unerof y 600G ed her waskepplrastire ofas300°C
burnt out at the same tinme when charged into the

r eadt eflmosThatl 1i $heateced helitd gyl tanperat ulepof 1 600Coor the
nore, the waste plastic ignited at the instant when
chardede THi sthe motandesonpoisiai onWoént heawdstoe at 300°C
plastic by catalytic action of the titani um oxide,

andng iharge lanoune sofr iavadet ofposed angagesx e eras covered
generated due to burning. At heating tenperatures of
5¥0Chahble580Tnt fe oristeed pfawt ith g gisistted Pane bigs to make
burnt out after 5 to 15 seconds from charge. At a

héati /g teémperatgite Voft Y350C,t a5 tig- U5 4R Mt ede hast-
required for one deconposition. At a heating ,

t enper afhre o t 389 EemPs Had s af M WASUPBGUIS Bgaction
for one deconposition. At a heating tenperature of
4@gé’sélggtéyn@ﬁgyégeﬁﬂsthqoresult was the same as that at

300°cC.

At a heating temperature of 600°C, the waste plastic
was burnt out at the same time when charged into the reactor.
That is, at a heating temperature of 600°C or more, the waste
plastic ignited at the instant when charged. This is not
decomposition of the waste plastic by catalytic action of
the titanium oxide, and a large amount of un-decomposed
gases were generated due to burning.

At heating temperatures of 570°C and 580°C, the waste
plastic ignited and was burnt out after 5 to 15 seconds from
charge.

At a heating temperature of 350°C, 35 to 45 minutes
was required for one decomposition.

At a heating temperature of 380°C, 15 to 25 minutes
was required for one decomposition.

At a heating temperature of 400°C, 6 to 8 minutes was
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required for one deconposition. At a heating
tenperature of 420C, 3 to 5 mnutes was required for
one deconposition. At a heating tenperature of 4500C,
1 mnute and 30 seconds to 2 m nutes was required for
one deconposition. At a heating tenperature of 480C,
30 to 40 seconds was required for one deconposition.
At a heating tenperature of 500C, 30 seconds was

r egyiunieddf g rone decopesiditann At a heating

tenperature of 530C, 25 seconds was required for one
deconpoatta oratAnhc@tbratiragutrenperatane of t&6FGin2@es was
seconds was required for one deconposition. At a

heatiung ctlefper atwr elcaforG(G,ti2h seconds was required

for one deconposition. At heating tenperatures of 350C
to 420CAtsanceatheg deopapesiiteonfphbbéEded siowuky, and 30
t he deconposition was not efficient and was not .
psacbindal toFEomiAB0Est 925608 ugoed fdeconpodétimpopftion.
the waste plastic was observed. Further, nost

ef fici eAt ddvonposd thiamofatives walstls Pllastditc twad 0 seconds
observed at a heating tenperature of 480C from
vivewpaentis regf foac omsosiadaspafifiicitency, reaction
Stabl|lt£ safety due to variation range of reaction

t enper aftir @, hﬁﬁélﬂﬁetemﬂaiaU¥¥QIﬂfriﬁﬁﬂ@s thereopndptwas
has been found that the optinmum heating tenperature

wa§ divh T8 dgdicte OR&r FEREINCange o171

At a heating temperature of 530°C, 25 seconds was
required for one decomposition.

At a heating temperature of 550°C, 20 seconds was
required for one decomposition.

At a heating temperature of 560°C, 20 seconds was
required for one decomposition.

At heating temperatures of 350°C to 420°C, since the
decomposition proceeded slowly, the decomposition was not
efficient and was not practical. From 450°C to 560°C, good
decomposition of the waste plastic was observed. Further,
most efficient decomposition of the waste plastic was
observed at a heating temperature of 480°C from viewpoints
of decomposition efficiency, reaction stability, safety
due to variation range of reaction temperature, and the
like.

As the results thereof, it has been found that the

optimum heating temperature was in a gquite narrower range
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than the heating tenperature known in the prior arts,

and a highly efficient deconposition reaction was
achieved only in that range. The practica

application also corresponded to that range. Wen
experinments were conducted by changi ng an anount of
oxygen supply, though the deconposition rate changed,
the optimum heating tenperature did not change.

[ ExanptBeZheat 0089 embet £f v 8ath &M ofn dileXich igenerakedand
during the processes of the deconposition nethod
aedord¢h hgetfd ithen tpiesanto $ Nvesh ired AN canbadtadfieved only
di oxi n generated during the processes of the
deeconpdsitt i onangthod aclicr dipgatoitheé preggdnication also
i nvention was determ ned. The used plastic was a waste
pkastiecpoodtal nitng 20aV. pahywi nyl Wokhor egperhatnts were
generates a |large anmount of dioxin and hydrogen
chbodiugé ebly bburhengingThe amasuti n§ cvpndehi snspwegr ethsugh
follows: 1. Deconposition apparatus: 100kg titani um
okhde agreaprpohtlioyperadeeconposidaddn dpysar abtism2m Usedting
catal yst: 100 kg of titanium oxide catalyst (SSP-G
L6EMP50323 ray gitldamiod fAhemMASAKAI CHEM CAL | NDUSTRY Co. ,
Ltd.) 3. Kind and anobunt of used plastic: Mxture of
poEyeiRyeckllori deand pol yet hyl ene (20:80"by wei ght),
1%%08%Gnin 72

Determination of dioxin generated during the
processes of the decomposition method according to the
present invention

An amount of dioxin generated during the processes
of the decomposition method according to the present
invention was determined. The used plastic was a waste
plastic containing 20 % polyvinylchloride that generates
a large amount of dioxin and hydrogen chloride by burning.

The measuring conditions were as follows:

1. Decomposition apparatus: 100kg titanium oxide agitation
type decomposition apparatus

2. Used catalyst: 100 kg of titanium oxide catalyst (SSP-G
Lot.050323 available from SAKAI CHEMICAL INDUSTRY Co.,
Ltd.)

3. Kind and amount of used plastic: Mixture of
polyvinylchloride and polyethylene (20:80 %2 by weight), 117

g/min
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4. Heating tenperature of titanium oxide granules:

480C 5. Air flowto be introduced: 3.9 m/mn 6. Line
neutralization treatnent process 7. Oxidation

catal yst treatnent process The concentration of the

gases was neasured by the particular research

organi zati on. [0090] The results of determ ning

anmounts of dioxin generated during the processes of

the deeenpgstthpArAetifedoraccording bRitlbegpagseRE: 480°C
i nvention are shown in Fig. 8 The neasured val ues of
cencentr dtlicons cofbediioximsiand :capl @ana/miPCB i n any of
flue gas (after oxidation catalyst treatnent) |,

t iot. aniiown axiude agriarulies: itrddtencdecomposids on tank

(catal yst in deconposition tank) , |inme substance

af/t. eOxtikble thiome caeltyrsal itzatd tarerttr gataresrds pr ocess
(neutralizing agent in the neutralization apparatus)
wer e | oheandnfantherioa ofokxhei tysequiveal eatswasdveyythe
small. The results revealed that the anmount of dioxin
geaeitatad aduriesgatied prrocesises- 1 @f. t he deconposition

nmet hod according to the present invention was |ower

t hAR%0he | egal control value. Generally, when burning

out the material containing 20 vinyl chloride, |ar
anount &Fedi BRFALAA ﬁ?dr@@@ﬁrméﬁﬂagldémP§n§§ne@5te lOXln
and thus treatnent has been difficult. Al so, by u5|ng
ag@§@é@tﬁﬁb@%€%%gdﬂ“3Qéﬁéﬁéﬁﬁénofdﬂ“ﬂﬁéﬁpﬁpﬁééﬁﬂ§nawe hod
the initial time depending on the condition of
cﬁ&?@é@l§@6§?éﬁ6épr%ﬁ%n5ﬁqWﬂﬂq%Wh?6?53§H”1?§Eﬁg 8. The

measured values of concentrations of dioxins and coplanar
PCB in any of flue gas (after oxidation catalyst treatment),
titanium oxide granules in the decomposition tank (catalyst
in decomposition tank), lime substance after the lime
neutralization treatment process (neutralizing agent in
the neutralization apparatus) were low, and further, a
toxicity equivalent was very small. The results revealed
that the amount of dioxin generated during the processes
of the decomposition method according to the present
invention was lower than the legal control wvalue.
Generally, when burning out the material containing
20 % vinyl chloride, large amount of dioxin and hydrogen
chloride 1s generated, and thus treatment has been
difficult. Also, by using a usual incinerator, generation
of dioxin occurs at the initial time depending on the

condition of charged substance, and an incinerator ash
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containing a | arge anount of dioxin remains. Wen
carrying out at a high tenperature treatnent, it is

hard to maintain because | arge heat energy is

required and the incinerator deteriorates seriously.

The present invention, however, nakes it possible to
conduct the treatnent at a lower tenperature and to

mai ntain the incinerator easier in conparison to the
PELAI ali G neH at@ige aRCuIPIEON e iamendirox] nwhkat chsryving
l egally controlled is not generated. Therefore, the
decanposi hiigh t@thebs accortdidwrieant het pseserd to maintain
i nvention is a groundbreaki ng deconposition nethod,
beeauseecnbapygane et reesd dye remaions reveanthoughitbénerator
deconposition is conducted at a | ow tenperature.

[ BExapplierdftes] 6@21pusStyudyToé spesefitcisuehatenareawefer,
cat al yst conposed of titanium oxide granules The
opekrsmispeed $$ o bar facecarea tof tlcat akgstmepdnpdsed bpwer
titani um oxi de granules was studied. Conditions are
asefipelrowsirel . arEkpepi menindlaidevilee (neaseoefor easier in
Agitation type deconposition experinental nachine 2.
HearmPag ivethd® Hie - Pht pbdiBirAgehedoirng adystiepie@Veny rany
flow to be introduced: 50 L/mn 4. Inside tenperature
ofllpgaét oFaB80C ScJAgiltrat FoRtEpeedd 35 r pmte. Jesegated.

catalyst: 700 g of titanium oxide catalyst (SSP-G 74
Therefore, the decomposition method "according to the

present invention is a groundbreaking decomposition method,
because no organic residue remains even though the
decomposition is conducted at a low temperature.
[Example 3]
[0091]
Study of specific surface area of catalyst composed
of titanium oxide granules
The optimum specific surface area of catalyst
composed of titanium oxide granules was studied.
Conditions are as follows:
1. Experimental device (reactor): Agitation type
decomposition experimental machine
2. Heating method: Air-introducing heating system
3. Air flow to be introduced: 50 L/min
4. Inside temperature of reactor: 480°C
5. Agitation speed: 35 rpm

6. Used catalyst: 700 g of titanium oxide catalyst (SSP-G
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Lot. 051108 avail abl e from SAKAl CHEM CAL | NDUSTRY Co. ,
Ltd.) 7. Waste plastic: Polyethylene 1 g/mn charge 8.
Specific surface area of catal yst conposed of titanium
oxi de granules: 30 nm2/g, 40 m/g, 70 m/g [0092] (1)

Ti tani um oxi de granul es havi ng specific surface area

of 30 m/g and a m cropore volune of 0.20 cc/g The

pol yet hyl ene of waste plastic was charged to the

t Lbaniosmioxi de; gramilest+emt BakpeactHem clust il €rrt heo . ,
charge, the waste plastic was turned black as a | unp,
andd.tyhen the | unp was broken into a powder form The
waste plastic in the formof powder was spread al

over Whkee edtaltyst: and et wikolee lofgtrhien catat yst was
turned black. The catalyst turned black changed in

i Bs Epboifio shefaoeiqgsemloCalada lgrsadaahipp,seand fwastanium
returned to the original color in about 40 to about
60xsdeondsnueen tenl vop wAsm byokeh mo/ be spread

just after the charge of the waste plastic, a snoke
wad08Bserved slightly. Efficiency was bad because of
Ion? deconposition time. &2) Ti tani um oxi de granul es

havi ngispeéif exsdef geendrea heving appgliamng gurface area
m cropore volunme of 0.23 cc/g The pol yet hyl ene of

vast 6 Oplad?i enlas EhargeareovPRENSt Ptfani-uin ¢d/de

granules in the reactor. Just after the charge, the

wast e pFastielvashYtered biraskearlaskyfpiaandiatdfsh to the

the lunp was broken into a powder form The_waste_ 75
ftitanium oxide granules 1n the reactor. Just after the

charge, the waste plastic was turned black as a lump, and
then the lump was broken into a powder form. The waste
plastic in the form of powder was spread all over the
catalyst and the whole of the catalyst was turned black.
The catalyst turned black changed in its color to the
original color gradually, and was returned to the original
color in about 40 to about 60 seconds. When the lump was
broken to be spread just after the charge of the waste
plastic, a smoke was observed slightly. Efficiency was bad
because of long decomposition time.
(2) Titanium oxide granules having specific surface area
of 40 m°/g and a micropore volume of 0.23 cc/g

The polyethylene of waste plastic was charged to the
titanium oxide granules in the reactor. Just after the
charge, the waste plastic was turned black as a lump, and

then the lump was broken into a powder form. The waste
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plastic in the formof powder was spread all over the

catal yst and the whole of the catal yst was turned

bl ack. The catal yst turned bl ack changed in its color

to the original color gradually, and was returned to

the original <color in about 30 to about 40 seconds.

Deconposition efficiency was good. (3) Titani um oxi de

granul es having specific surface area of 70 m/g and

aphkeeroporie, visheimeoeh OG.f260elg Thes pebyetByl:ane ®fer the

waste plastic was charged to the titanium oxide

granullesti antheheeatbok. ofusheattenltybe webatgenetihelack.

waste plastic was turned black as a lunp, and then

t el umt alass throkemed nbdaakpawdergddorim The wasicer to the

plastic in the formof powler was spread all over the

catabystlandltheyndblael bf, tdmel vatatystrmad tarthedoriginal

bl ack. The catal yst turned bl ack changed in its col or

t ootthe lorigbmat &6l dro grladuial By, sambiwes. rebacordosdtion

the original <color in about 30 to about 45 seconds.
Beéakicagngpy amg domdeadi ng of the |unp prepared just

after the charge of the waste plastic occurred

sliéM YitpaizadPrien, JhandlEAghwEsngbadcbeEadgseurhaece area

titani umoxide itself was broken up into a powder

f 6Em/And £pr ead. 2 FRORTPRET§bE¢E UFEs GIft §,- 26h& st e
plastic was deconposed sufficiently when the specific

sur f aceTAP P WERT bR ¢ €xfs WRIsAR BO2RFLG. Wah&hmastqd to the
pl asti c was, however, ~deconposed nore eff|C|entI¥

mﬁéﬁapﬁémsﬁéé@ﬁi&?ﬁﬂq%ﬁﬁe%ﬁeﬁpem%%aﬁB@rres§u§%a% ggr the

When the specific surface area 7
cé%rge, the wasge o) astfc was turned black as a lump, and

then the lump was broken into a powder form. The waste
plastic in the form of powder was spread all over the
catalyst and the whole of the catalyst was turned black.
The catalyst turned black changed in its color to the
original color gradually, and was returned to the original
color in about 30 to about 45 seconds. Breaking up and
spreading of the lump prepared just after the charge of the
waste plastic occurred slowly. In addition, handling was
bad because the titanium oxide itself was broken up into
a powder form and spread.

From the above results, the waste plastic was
decomposed sufficiently when the specific surface area was
not less than 30 n@/g. The waste plastic was, however,
decomposed more efficiently when the specific surface area

was not less than 35 m°/g. When the specific surface area
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is made too |large, the heat resistance was | ow and the
granul es were broken up to a powder form Therefore,

it has been found that the titanium oxide granules
having a specific surface area from33 m/g to 65

n2/ g, nore preferably from35 m/g to 50 mi/g can
deconpose the waste plastic at a high efficiency.

[ Exanmpl e 4] [0093] Study of the optinmumtreating
ameuRtadly et al 3sde CONPOSBEabl rhisti @fiathPcoXide OHhanih@&Sthe
The optinumtreati ng anount by catal yst conposed of

t btranulmsoxicte @rakdresipvas St gdivetkr A dwax] num anount
being able to be treated was calculated by gradually

I ncr easThgraforeatingaambern Sbunpotlyst wrenéipehlietsoxide
The treatnments were conducted by wusing 350 g titanium
catahydesabatighnk rspigf i ue Hdd mesa f2og/ ABmY Hto 65
times continuous feed, 3 g/mn continuous feed, 4

ghni @, corte pueds faddd; f3og/ Abmdentionbdus /feeedn dacohpose
case of 4 g/mn continuous feed, vigorous ignition
afdebwrsitrg bherse lvapperedii BecHlisies tanrdii ng bl ack  of

the catal yst was extrenely increased even in the case
oflEZagdien4lit has been decided that a maxi mum anount

bei n able to be treated is 2 g/mn continuous feed.
[d@@%F]Fron1the above experinents, a weight ratio of

t he nmaxi mum anount of waste glast[c bei ng able to be
treat edStygy of the optimum treating amount by catalyst

composed of titanium oxide granules

The optimum treating amount by catalyst composed of
titanium oxide granules was studied.

A maximum amount being able to be treated was
calculated by gradually increasing a treating amount of
polystyrene pellets. The treatments were conducted by
using 350 g titanium catalyst at 1 g/min, 2 g/min x 5 times,
2 g/min x 5 times continuous feed, 3 g/min continuous feed,
4 g/min continuous feed, 5 g/min continuous feed.

In the case of 4 g/min continuous feed, vigorous
ignition and burning were happened. Because turning black
of the catalyst was extremely increased even in the case
of 3 g/min, it has been decided that a maximum amount being
able to be treated is 2 g/min continuous feed.

[00924]
From the above experiments, a weight ratio of the

maximum amount of waste plastic being able to be treated
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with respect to the used anount of the catalyst is

100: 34.2. Fromthe results, as a maxi mum anount

being able to be treated, it has been found that an
opti mum anount to treat the waste plastic per hour

with respect to 100 kg of the titanium oxide granules
according to the present invention is 3.0 kg to 40.0

kg, preferably 6.0 kg to 35.0 kg. [Exanple 5] [0095]
Decenpossdéon tof tpelyerichyhenatand tpel ystyr ene iEheoo:34.2.
af orenenti oned each waste plastic was deconposed by
usi ng t heoti tlani tkr oXxt e O anulaes MUBSBxGUnat b@5ht08ble to
avai | abl e from SAKAI CHEM CAL | NDUSTRY Co., Ltd.)
heatetkatadtd A80C.a Dekanl Soan@ tas tf @h lopasmubsamount to treat
deconposition apparatus, a cylindrical vessel and a
héaei ngsdevipcestaont pelrl edubywhéat edspectwepeldsedlg of the
The vessel was charged with 700 g of titani um oxide.
Stbsequaent dyipelgetrhyl ehecpolndémnigzed the paetiecitesnwagtion
fed by 0. 6 g/30sec each and agitated at 35 rpmw th
ansagi-Patgr o Al0. Cofka he rdiraimstl yas. Gtka £ ow r @t ko of
100 L/mn was recovered. Substances contained in the
exkzagPrlgaswere determined with time. For

nmeasur enent of a gas concentration, a gas

cdRE&ktlrati on continuous neasuring device PG 250

(manuf acture: HORIBA, Ltd.) was used. [0096] After 30
secondsPEFERPPRe tEeBdCéf PpalpetmIcafe 2nd7@olystyrene

The aforementioned each waste plastic was decomposed
by using the titanium oxide granules (SSP-G Lot.051108
available from SAKAI CHEMICAL INDUSTRY Co., Ltd.) heated
at 480°C. Details are as follows.

As a decomposition apparatus, a cylindrical vessel
and a heating device controlled by heated air were used.
The vessel was charged with 700 g of tTitanium oxide.
Subsequently polyethylene pulverized to particles was fed
by 0.6 g/30sec each and agitated at 35 rpm with an agitator.
All of the exhaust gas at a flow rate of 100 L/min was
recovered. Substances contained in the exhaust gas were
determined with time.

For measurement of a gas concentration, a gas
concentration continuous measuring device PG-250
(manufacture: HORIBA, Ltd.) was used.

[0096]

After 30 seconds from the feed of polyethylene,
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exhaustion of carbon di oxi de gas and CO were observed

in the exhaust gas. After that, the concentrations

were returned to a normal state. Synchronizing with
that, the fed polyethylene was turned black as a

| unp, and then the |unp was broken into a powder

form The waste plastic in the formof powder was

spread all over the catalyst and the whole of the
cakahyst iwas offuraedohl ackxifhegeat ahystot wenedobbkackd in
returned to the original color gradually. The waste

plast iexhwass tdegaaposed tafrt erh30, seaendsnddritatitions were
snoki ng. Separately, when using inactive titanium
oxedergrantbes ndravd hg ttdtee sawgnpantindlze gy e tAsthat, the
control, the polyethylene was burned wth black snoke
agetlhpotasehgf eusuabsbtunhag.bldbheses reeduintcs showthkat the
t he deconposition with titanium oxide is not burning,
bdtimpsweatabykers detompasivdon.fohie Samewpesel pdaweie 1n
obtained with respect to polystyrene. Fromthe above

r 6sel fsrmgihladetrowehespesad tas li AveExEnplaatelyst and the
accordiﬂg to the deconposition nethod of waste

plastliecst shetdad presient sitivemd oaackhenThpe at@dtistgturned
tenperature of the catal yst conposed of titanium oxide
gParGKesc BRENEA NaSICeC Pl a5 RE VRSO B et agtuadot 48eCyaste
pol yet hyl ene and pol ystyrene were deconposed at a high
ePpéitéfcyas] ERaRPPESET 2f0097F° PREBRPSsYE FBAVEf Smoking.

pol yvi nyl chl ori de, pol yurethane, and Teflon(r) 79
Separately, when usirig 1lnactive titanium oxi1de granules

having the same particle size as a control, the polyethylene
was burned with black smoke as the case of usual burning.
These results show that the decomposition with titanium
oxide is not burning, but is catalytic decomposition. The
same results were obtained with respect to polystyrene.
From the above results, similar to the results in
Example 1, according to the decomposition method of waste
plastics of the present invention, when the heating
temperature of the catalyst composed of titanium oxide
granules and the waste plastic was set at about 480°C,
polyethylene and polystyrene were decomposed at a high
efficiency.
[Example 6]
[0097]
Decomposition of polyvinylchloride, polyurethane,

and Teflon®
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Pol yvi nyl chl ori de contains chlorine atons in its

nol ecul e, pol yurethane contains nitrogen atons in its
nol ecul e, and Teflon (r), contains fluorine atonms in
its nolecule. By using the deconposition nethod
according to the present invention, research has been
done as to whether or not the plastics generating
those harnful gases in deconposition processes could

be deconposednyandlbuntberconhetherceronohet h@Ssgasesits
coul d be renoved by adsorption. Nanely, after the

t hbaricumeoXigel yueatend pbocesss dherddgde atoms in its
neutralization treatnent process, and further the
oxbdatior,cairal ysé fi ped@ myuntRriocesslmbt hnpl attomgmin its
were conducted. By recovering the gases after each
prnodess.le.i nByeds Bng st oo rtegiomgeb 9irt itdre mgdd$es! wecerding to
deternmined. The sanme deternination was conducted with

r éspectesont polveattidrenecard rpbl yass yreemedoTheas to whether
measuring conditions were as follows: 1. Deconposition
apparattusthd 0okgstiitanidanand dercagthastoharmiyed gases in
deconposition apparatus 2. Used catal yst: 100 kg of

t dearingmseXiiga parakryses( SSP1E beoflegenBR9cdvaphdbferther
from SAKAI CHEM CAL | NDUSTRY Co. Ltd.) 3. Kind and
awbﬁﬁbeéfoa§§ﬁiﬁmﬁ§ﬁiéasﬁél99@h§|@ﬂﬂnﬁmqﬁ§m¥¢§ agrarpyion.
pol yur et hane (120 g/mn), Teflon(r)l (30 g/ mn),
polyethyﬁ@ﬁéy(l®@t%¥rﬁnﬁ tH&ﬂ?%éWyPéﬁée(i@@aépﬁﬂﬁ)pﬁocessr
Heating tenperature: 480C (pol yethyl ene, pol ystyrene,
p&Pgv HF m%ﬁa&el)za%%O%@ééa(Cﬁ@ln;ﬁuPE?ﬁgﬁé' et Ifélﬁ)thegothe

oxidation catalyst treatment process with platinum were
conducted. By recovering the gases after each process,
ingredients contained in the gases were determined. The
same determination was <conducted with respect to
polyethylene and polystyrene.

The measuring conditions were as follows:
1. Decomposition apparatus: 100kg titanium oxide agitation
type decomposition apparatus
2. Used catalyst: 100 kg of titanium oxide catalyst (SSP-G
Lot.060829 available from SAKAI CHEMICAL INDUSTRY Co.,
Ltd.)
3. Kind and amount of used plastic: polyvinylchloride (70
g/min), polyurethane (120 g/min), Teflon® (30 g/min),
polyethylene (100 g/min), polystyrene (100 g/min)
4. Heating temperature: 480°C (polyethylene, polystyrene,

polyvinylchloride), or 490°C (polyurethane, Teflon®)
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5. Linme neutralization treatnment process 6. Pall adi um

pl ati num oxi dati on catal yst treatnent process The
concentration of the gases was neasured by the

particul ar research organi zation. [0098] The results

of determ ned gases generated by the deconposition of
each waste plastic are shown in Fig. 9. Wth respect

to the deconposition of polyvinylchloride, after the

| Bre Lnekt hahitzalliion tireatdmtndogessse 41l and

chlorine were renoved to an extent having no

erVi Ponheni ah garsalkdlem o thttespectalwst heecatment process
deconposition of polyurethane, NO, NO_ and HCN were
renovedThsutbnceentrbhyioW tlhh rbspgesetsowthemeasured by the
deconposition of Teflon (r)" after the line
neatrtakivdati or streeatmentggorioegsissn. hydrogen fl uori de

was renoved to an extent having no environnental

prléblPém Wth respect to every waste plastic, VOC
(volatile organic conmpound) and | ower hydrocarbons

wer e r efibeedessuiftfsi ¢lfend¢yerThecedboveesesignes adtvsv by the
that, though it is difficult to deconpose Teflon(r)
afgCcoReolsilkd oRhicéh cgeheracsé carhapifiigl argashown in Fig. 9.
particul arly hydrogen fluoride by the prior o

i nci nerdibR, aced¥RERy to the d osPereprretha@of of
the present invention, Teflon(r) and the |like can be
deeomyesdd char ra dei ght ef¥ itdicehty afd HEGrltifert tFetreatment
harnful gases can be treated safely w thout ,
eXR2GEEENgotta Tt IHE THpFal'sEGsr emayed to an extent having

no environmental problem. With respect to the
decomposition of polyurethane, NO, NO, and HCN were removed
sufficiently. With respect to the decomposition of Teflon
® , after the lime neutralization treatment process,
hydrogen fluoride was removed to an extent having no
environmental problem.

With respect to every waste plastic, VOC (volatile
organic compound) and lower hydrocarbons were removed
sufficiently.

The above results show that, though it is difficult
to decompose Teflon® and the like which generate a harmful
gas, particularly hydrogen fluoride by the prior
incinerator, according to the decomposition method of the
present invention, Teflon® and the like can be decomposed
at a high efficiency and further the harmful gases can be

treated safely without exhausting out of the apparatus.
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[ Exampl e 7] [0099] Study of deconposition of nedica
wastes I n the aforenenti oned exanples, it was

confirmed that waste plastic could be deconposed
sufficiently. In this exanple, it was checked whet her

or not nedical wastes (centrifugal tube, blue chinp,

swi ne bl ood, infusion set, neo-tube, syringe, cel
scraber, Sure-Fuser, sure flow, dialyser, |atex

r ubbempiehizp, kintowel) coul d be deconposed. The
measuring conditions were as follows: 1. Deconposition
appawcatius: circulation type testing machine (vol une:

385 L) 2. Used catal yst: 200 kg of titanium oxide

cat al ysttuflgappfodehopassit@onkg,f metdirm lpassstEH0 kg,
SSP- G Lot. 060116 avail able from SAKAI CHEM CAL

| NDUSTRYn Gdig abbdehe8t iHeat eigpniehper attuves 480G rued that
Rot ati on speed of agitation: approach pass
(dectrpodititon part) D dprpmpesednspagdc3dbntpm.5. In this
Tenperature of oxidation catalyst: 400C 6. Air flow

r akemp2e75 im /wid FO20GEd (Whethresat ed medi ceddiwst egastes
(total 3.45 kg): 2 kg of 36 plastic petri dishes
(I(aegéyifogzs kygbef Pdupechirdi sHese psaafl) induairg set,
of 30 centrifugal tubes (50 m), 0.2 kg of Dblue chip,
0NBOK§USE r a SYELIYGat 6F 10X TGP Sedi Tafcwast s, ggre flow,

dialyser, latex rubber, chip, kimtowel) could Dbe
decomposed.

The measuring conditions were as follows:
1. Decomposition apparatus: circulation type testing
machine (volume: 385 L)
2. Used catalyst: 200 kg of titanium oxide catalyst
(approach pass 100 kg, return pass 100 kg, SSP-G Lot.060116
available from SAKAI CHEMICAL INDUSTRY Co., Ltd.)
3. Heating temperature: 480°C
4, Rotation speed of agitation: approach pass
(decomposition part) 10 rpm, return pass 35 rpm
5. Temperature of oxidation catalyst: 400°C
6. Air flow rate: 2.75 m’/min
[0100]
(1) Treated medical wastes (total 3.45 kg): 2 kg of 36
plastic petri dishes (large), 0.25 kg of 10 petri dishes
(small), 0.4 kg of 30 centrifugal tubes (50 ml), 0.2 kg of

blue chip, 0.6 kg of a corrugated box for medical wastes
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were crushed. In each case of feed at 84 g/mn or feed

at 120 g/mn, the wastes could be deconposed within

30 mnutes. (2) Treated nedical wastes (total 7.007

kg): After 4 kg of 72 plastic petri dishes (large),

0.5 kg of 20 petri dishes (small), 0.8 kg of 60

centrifugal tubes (50 m), 0.4 kg of blue chip, 0.6

kg of a corrugated box for nedical wastes were

cwashedrud®2dg of swine blood (including washing

wat er, water-absorbabl e polyner) was adm xed. In case

of feedIated?) cg/sd of fdrwel wassesy ol drbécedeconposedmin,

stably. (3) Treated nedical wastes ( total 7.185 kg) :

2tBekgaaf eswaoudet $eofdeh@ripfiesi on getrs, 3 A. iHBnkige ©f

two sets of 100 neo-tubes (vacuum collecting tube),

1.(97 Rgeoatetwredietsl ofashas ngeta(120 .00), k@85 Afofr ghég of

bag of cell scraber, 0.6 kg of a corrugated box for

nédi pahspastest werd grashéd.rde) ,casée by deed aetii6dishes

g/mn for 40 mnutes, 7280 g of the wastes could be

ddésoapased? . B4o Triedledemtdiidalbadastibss(tof atl)e. 703 kg of

&g) : 773 g of swine blood (including mashing.mater,
tlee- gbdor babkekgobyneryoriagahdm ked forsnegdigglofastes

the same wastes as that of the aforenentioned (3). In

case& catr yeeRrl at! 0720 Of/ 91 Hie PHOORast oSl edlnd Weehing water,

deconposed stably. (5) Treated nedi cal wastes (total

3VE55 RGP SOrPEH 1§ HP lofer )séte ofa B SiR@- Fusers, 340 g

of 20 s¥ringes, 620 g of 2 sure 6 83
n case of fead at 120 g/min, the wastes could be

decomposed stably.
(3) Treated medical wastes ( total 7.185 kg): 2.6 kg of two
setsof 50 infusion sets, 1.63 kgof two sets of 100 neo-tubes
(vacuum collecting tube), 1.97 kg of two sets of syringe
(20 ml), 385 g of one bag of cell scraber, 0.6 kg of a
corrugated box for medical wastes were crushed.

In case of feed at 156 g/min for 40 minutes, 7280 g
of the wastes could be decomposed.
(4) Treated medical wastes (total 6.703 kg): 773 g of swine
blood (including washing water, water-absorbable polymer)
was admixed to 5.93 kg of the same wastes as that of the
aforementioned (3).

In case of feed at 120 g/min, the wastes could be
decomposed stably.
(5) Treated medical wastes (total 3.055 kg): 765 g of one

set of 5 Sure-Fusers, 340 g of 20 syringes, 620 g of 2 sure
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flows, 670 g of 6 dialysers (excluding alum num

| am nate) 660 g of a corrugated box were crushed. The
wast es coul d be deconposed at feed at 63 g/mn or 84
g/mn. (6) Treated nedical wastes (total 3.82 kg): 720

g of swine Dblood (including washing water,

wat er - absor babl e polyner) was adm xed to 3.1 kg of

the sane wastes as that of the aforenentioned (5).

Alel oo, t beo wasires ol s hes dec@esed; at ufieadmat a@bnate) ,
g/mn for 45 mnutes. (7) Treated industrial wastes
(b@Daly 41735 ckg)rugat2Kk@pof wddy eerisagiesd of | at ex

rubber gl ove, 400 g of chips, 945 g of two sets of

ki nt owellhe568sgeof csyt iingesdeb65fpgsefl atcéerdgated3 g/min
box were crushed. Al of the wastes could be
decosposgédiat. feed at 480 g/mn for 10 m nutes. (8)
Treated nedi cal wastes (total 5.37 kg) : 670 g of
switneTrohbed n(¢dctalivwes Wes Hiteg adaBef? kg) : 720 g of swine
wat er - absor babl e polyner) was adm xed to 4.7 kg of

t heogdmeimastesnasaatnofvaties , ahoremehtiohed 1e7polymer)
1540 g of the wastes coul d be deconposed at feed at

7vag/ mdnikerd 20 mi-Autkss .o Furicheramgyg 84w e dfa s hehakhspésthe
could be deconposed at feed at 96 g/mn for 40
meAGEesentoPOEX From t he above results of (1) to (8),

the nedical wastes could be deconposed. Particul arly,
accordiﬁ@lt%f igae wastes could be decomposed at feed at 85

g/min for 45 minutes.
(7) Treated industrial wastes (total 4.755 kg): 2.2 kg of
three sets of latex rubber glove, 400 g of chips, 945 g of
two setsof kimtowel, 560 g of syringes, 650 gof a corrugated
box were crushed.

All of the wastes could be decomposed at feed at 480
g/min for 10 minutes.
(8) Treated medical wastes (total 5.37 kg): 670 g of swine
blood (including washing water, water—-absorbable polymer)
was admixed to 4.7 kg of the same wastes as that of the
aforementioned (7).

1540 g of the wastes could be decomposed at feed at
77 g/min for 20 minutes. Further, 3840 gof the wastes could
be decomposed at feed at 96 g/min for 40 minutes.
[0101]

From the above results of (1) to (8), the medical

wastes could be decomposed. Particularly, according to
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t he deconposition nethod of the present invention, it
has been confirned that the nitrogen conpounds such
as NOx could be treated safely in the deconposition
of wastes such as blood derived fromliving body, and
the sul fur conpounds such as hydrogen sulfide and
hydr ogen sul furous acid gas could be treated safely
by the line neutralization treatnent process.
[ ExampkecBbosf0162] me Cheeko pftHdpguss adhene@ntt@on, it has
titani um oxi de granules After deconposition treatnent
Obeanpediifi thad tha twhh € hia rodrgusomasunds Watleds NOx could
whet her or not the fungus was adhered to titanium
okedergrarndl esfaftyeint heedéeonppsstiicdnn brfeatpent wash as
checked. In detail, in an agitation type experinental
madbionedandvaddétrennil nattngnbodghi aed theasulmiroxodeounds
granul es were recovered after treating E.coli and
otsheh esghmniltsgeandubdctier kadcbptiapped théfeirnumsereid gas
checked. Experinental nethod is in the foll ow ngs.
(tpuln the agitatedn safelexperi st al imachieelrabogation
260 g of used titanium oxi de was washed by addi ng 200
ntreptngngt Plrloegswat er. A part of the washed water was
added to SCD nmedi um and various nedia, and incubated
atlE388Pil6r 824 hours and 48 hours. After incubation,
t hus forned col onies were observed and counted. (2)

| AOLRe ldet er mi nati on machi ne, when exchanging titani um

OXIde about 50 g of titani umoxide was collected, 35
m g5 Check ungus adhered to titanium oxide granules

After decomposition treatment of apetri dish inwhich
a fungus was incubated, whether or not the fungus was
adhered to titanium oxide granules after the decomposition
treatment was checked. 1In detail, in an agitation type
experimental machine and a determination machine, titanium
oxide granules were recovered after treating E.coli and
other organics, and bacteria contained therein were checked.
Experimental method is in the followings.
(1) In the agitation type experimental machine, about 260
g of used titanium oxide was washed by adding 200 ml of
distilled water. A part of the washed water was added to
SCD medium and various media, and incubated at 35°C for 24
hours and 48 hours. After incubation, thus formed colonies
were observed and counted.
(2) In the determination machine, when exchanging titanium

oxide, about 50 g of titanium oxide was collected, 35 ml
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of a phosphate buffer was added, and then buffer was
recovered as washed water after sufficient agitation.

A part of the washed water was added to SCD nedi um

and various Petan check nedia, and incubated at 35C

for 24 hours and 48 hours. After incubation, thus

formed col onies were observed and counted. [0103] The
results of the aforenentioned (1) and (2) are shown

i BfFig. pA@sphateadhncase, whonadakdr. cold andnt heidike was
was detected in the washed waters obtained fromthe

t reaniveme doxisdeaghanulves caf b€t etrtheudedconposi bigdiation. A
treatment of waste plastics. Fromthe above,

apear-db Hg htcowt hbe decormposiatsi atide & rreat abnte e ess! vfrious
the present invention, E.coli was deadened. [0104]
TRetexanpkes nadf he &l owing descrt B theqpr 8dessurtoand
treat the nedical waste such as used syringes,

pdckages,s. orAfdoin | Bsculnhi chnar ehdssdarded hyolonies were
hospitals and the |ike wusing the neans for treating
wabserpkastincs cawd texdgani cs  of deconposition

apparatus in the present invention. The elenents
deseéiPbed before apply the sane name or sane

reference synbol. [Exanple 9 [0105] The air-supply

bl ower 1beofFctHetE| ké &<t ogggmentioned (1) and (2) are

shown in Fig. 10. 1In each case, none of E.coli and the like
was detected in the washed waters obtained from the titanium
oxide granules after the decomposition treatment of waste
plastics.

From the above, according to the decomposition
treatment process of the present invention, E.coli was
deadened.

[0104]

The examples in the following describe the process
to treat the medical waste such as used syringes, packages,
or bottles, which are discarded by hospitals and the like
using the means for treating waste plastics and organics
of decomposition apparatus in the present invention. The
elements described before apply the same name or same
reference symbol.

[Example 9]
[0105]

The air-supply blower 19 or the 1ike as the
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carrier-gas supply nmeans supplies air to the reactor

3. Then, the heating neans 9 is actuated to heat the

air supplied by the carrier-gas supply neans. The

heated air (hot air) is supplied into the reactor 3
containing the catalyst 2, thereby increasing the
tenperature of the catalyst 2 to a range from420C to
560C. [0106] The crushi ng apparatus shown in Fig.22
ceushesr-ued calpplgstedrys & 8ze &f sevef@l tiesbigactor 3.
mllimeters and of |arger than the size of the
cahehystthelhee ot Lishhetleanediocal s wast eatsdchar gedhtf riome air
the charge opening 7 of the reactor 3 into the

cenpave cpobyi Oine Ix rf ief egad gy meki(h) ) ThEhkeated air
charged nedi cal waste circulates together wth the
cdhaltystir2 il tsheoldact omthy thwe meddtonr 03 ¢hetaining the
circulation neans 5(D) and the circulation nmeans 5. In

t hetadivistulzat | bhestkp, itrheceatialgysth® apdpehe tmedi caf the
waste are continuously agitated by the screw feeder
asathevagi tatticom reearss Bomt HE thetcom @t - bet ween

the catalyst 2 and the nedical waste is repeated,
whi’éR6énhances the deconposition of waste plastics

and organics 4 in the nedical waste by the action of

t he cat aR§stCusTHrdughreRe thsocesewnalin t Hé J -wast erushes
pl astics and organics 4 in _the nedical waste charged
| RE61CRE MeadtforC32afeZfasifredcralt RaPeat @l ystmeters and
circulation step. During the gasification process of

t Ré VEtET ﬁﬁé%@iE@eaﬁﬂjﬁ%g%%ig§e4FaﬁﬁéY&€tonﬁH§?t?BHShed
Oheanem, generales 92 SMBLSH % TN Wt of the

reactor 3 into the concave portion 13, (refer to Figs.
16(4)). The charged medical waste circulates together
with the catalyst 2 in the reactor by the action of the
circulation means 5(D) and the circulationmeans 5. In the
circulation step, the catalyst 2 and the medical waste are
continuously agitated by the screw feeder as the agitation
means 6, thus the contact between the catalyst 2 and the
medical waste is repeated, which enhances the decomposition
of waste plastics and organics 4 in the medical waste by
the action of the catalyst 2. Through the process, all the
waste plastics and organics 4 in the medical waste charged
into the reactor 3 are gasified in the catalyst circulation
step. During the gasification process of the waste
plastics and organics 4, the decomposition of them

generates gas consistingmainly of carbon dioxide and water
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vapor. [0107] The gas (gasified organics) is sent to
the linme neutralization treatnment nmeans and then to

the oxidation catalyst treatnment nmeans. The step of
renoving toxic ingredients in the exhaust gas is not
described in the exanple. [0108] In the above
circulation step, the waste plastics and organics 4
occupyi ng the nedical waste are gasified. The netals
exkpbirng in the nedical waste, however, are |eft

behind in the catalyst 2 even after the circulation.
Those7]netal s may further be brought to be separated
together with the catalyst 2 in the circul ation step.
For exafipkegatshe(gad 1 £l e@shrénhagi) ng. sansepeniting tee lime
all ow greatest dinmension of the catalyst 2 to pass

t heough liigaitnser tedatmentiemeaact end asetheonehasokbdation
separating and recovering netals and/or inorganics,
(refed vis¢ Rinpathér(d)mpansThemhda het@ockét rEmowichtoxic
can recover the netals and inorgani cs caught by the
wiinegrgegknits |igcdtlet, exihaigs ¥ egoverisngatthelamtalizedngn the
i norganics fromthe pocket. [0109] Therefore,

ac&er®ileg to the neans for treating waste plastics

and organics of the present invention, the netals and
iﬁ@ﬁ@ﬁgics in the medical waste are not left in the

reactor 3, and are brought into recycle use while 88
In the above circulation step, the waste plastics and

organics 4 occupying the medical waste are gasified. The
metals existing in the medical waste, however, are left
behind in the catalyst 2 even after the circulation. Those
metals may further be brought to be separated together with
the catalyst 2 in the circulation step. For example, the
wire mesh 16 having an opening to allow greatest dimension
of the catalyst 2 to pass through is inserted in the reactor
as the means for separating and recovering metals and/or
inorganics, (refer to Fig. 16(4)). Then, the pocket 17
which can recover the metals and inorganics caught by the
wire mesh is located, thus recovering the metals and
inorganics from the pocket.
[0109]

Therefore, according to the means for treating waste
plastics and organics of the present invention, the metals
and inorganics in the medical waste are not left in the

reactor 3, and are brought into recycle use while
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suppressing the oxidation of the netals. Furthernore,
on separating the netals by the neans for separating
and recovering netals and/or inorganics, there is no
need to stop the circulation nmeans 5 and/or the
agitation nmeans 6 so that the throughput of the

medi cal waste maintains a high level. In addition,
when the neans for separating and recovering netals

ardbet-cisBahganhesolbdsepanhat e Healts,ls .t hetethsrRBre, on
need to open the door of the reactor 3 so that the

t Beppmk tehiy cilencyeddltheyheans hoeantr €atr npasiteing and
pl astics and organics naintains a high level. [Exanple
1@kcofetriy mheéadbange/opennnggédndicst heheeactier nd, need to
shown in Fig. 17, is opened, and the catalyst 2 is

| ettobl bie doimct bahean médnes Upstroram ek 3Fiitattiloe means 6
first stage tank 31. At the sane tine, the

cispctbat itbre peamegBpis cctbatredli Fhuwasttkenaintains a high
circulation neans 5(A) transfers the catal yst 2

filegelly hrowaddithendi stkar gerendeddsofforhesdigmating and
stage tank 31, and to the |owernost end of the rotary
shafovesdiof whéalei pedl ati bhogans c5( BP. sSnececdpngeyals,
the circulation neans 5(B) pushes up the catalyst 2

t 6here eRarge |l 7 orsh the deesndl sthaye a3 2, sanghat
finally the circulation neans 5(C) transfers the
cé@ﬁlﬁé@?@%%)qﬁﬁ%?ﬂﬁ%@ﬁr%én?@ﬁdme§@ﬁ|¢qqn¥%ﬁ§%ﬁ%9 waste
stage tank 32. At this noment, the catalyst 2 exists
aRdEitr-E6l aFEs O 3RE Scilcdl @itoh JassHyet §¥dm t he

ugstrea eq% 33 in the first stage tank 31 to the
dowrtsiPéam’ Y89

[0110]

The charge opening 7 of the reactor 3, shown in Fig.
17, is opened, and the catalyst 2 is let flow down to near
the upstream end 33 in the first stage tank 31. At the same
time, the circulation means 5 1is actuated. Thus, the
circulation means 5(A) transfers the catalyst 2 firstly
toward the discharge end 34 of the first stage tank 31, and
to the lowermost end of the rotary shaft 14 of the
circulation means 5(B). Succeedingly, the circulation
means 5(B) pushes up the catalyst 2 to the charge end 37
of the second stage tank 32, and finally the circulation
means 5(C) transfers the catalyst 2 to the downstream end
36 in the second stage tank 32. At thismoment, the catalyst
2 exists and circulates in the circulation passage from the

upstream end 33 in the first stage tank 31 to the downstream
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end 36 in the second stage tank 32. [0111] Wen the
circulation neans 5 is kept operating while flow ng

down the catal yst 2 as descri bed above, the catal yst

2 slides down through the returning passage 20 by its

own weight, then returns to the upstreamend 33 in

the first stage tank 31. The flowi ng down of the
catalyst 2 is stopped when the volune or nass of the
cahal pst i2 aceumdcated dthgd hewrot rxa) ati on passage
reaches a desired value. After closing the charge
openiing 7, the heating neans 9 heats the catalyst 2

in the reactor 3 to a range from 420C to 560C. Since

t he cat@hgstthes motcudetterdronated even kegitabpemgtiing while
the reactor, the succeedi ng deconposition operation
canowhegi doWm tinet det 51 ept Gf a heatsiong Helealoaral ydte 2atalyst
the reactor 3. [0112] Next, the crushi ng apparatus
sBowhiflnsFilgwn 22h cowusheshe mediwal ivagtas sagg@a 241 by ofs own
several cubic mllinmeters and of larger than the size
ofiethb teatakpstretinasciashbd umedirean waslt é3i snchhegédrst
fromthe charge opening 7 into near the upstream end
33tipmettrnl Bist Bhagd avdmie 3ewnTHetheidedid latstor ifedhgrred
5 circulates_the nedical waste together wth the
catenyshe2VveREBagRTt ResSei PEurAti oAtpa¥shge. aFaumphated 1n
circulation step, the catalyst 2 and the nedical waste
aF@ec§ﬁFCH&@G§P¢-é@QQﬁQﬁiQﬁﬁqnﬁﬁs%r%ﬁﬁfé@@eVaégetheAfter

agi tation neans 6, thus the_contact between the
Cg@gp&g@'t@@<ﬂﬁarge(Jpenlng'L the heating means 9 heats the

catalyst 2 in the reactor 3 to a range from 420°C to 560°C.
Since the catalyst is not deteriorated even retaining in
the reactor, the succeeding decomposition operation can
begin from the step of heating the catalyst 2 in the reactor
3.

[0112]

Next, the crushing apparatus shown in Fig. 22 crushes
medical waste to a size of several cubic millimeters and
of larger than the size of the catalyst. The crushed
medical waste is charged from the charge opening 7 into near
the upstream end 33 in the first stage tank 31. The
circulation means 5 circulates the medical waste together
with the catalyst 2 through the circulation passage. 1In
the circulation step, the catalyst 2 and the medical waste
are continuously agitated by the screw feeder as the

agitation means 6, thus the contact between the catalyst
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2 and the nedical waste is repeated, which enhances

the deconposition of organics in the nedical waste by
the action of the catalyst 2. Through the process,

all the organics 4 in the nedical waste charged into

the reactor 3 is gasified during the circulation

bet ween the upstreamend 33 in the first stage tank

31 and the downstreamend 36 in the second stage tank
32. abdr ithg tReligasi ficald ons prasesse®f wihech osgamh€ss the
t he deconposition of them generates gas consisting
maknbypok icavhont dirgxinde sand twat esd vapdrwa s jdOh i 3haMenion
the catalyst 2 reaches the downstreamend 36 in the
seconhtdestagel yanhke 32, THreigtattdley ptro2 eslsi,das 1dowva organics
through the returning passage 20 to return to the

upstr eammenti G3l wias tehehaeaed antd®, thherelyycdrhe is gasified
catalyst 2 circulates in the reactor 3. Accordingly,
whem imgdibal cwast éahpohod sween usthe didgt tdren arusRFiSngn the
means is newy charged into the reactor 3, the sane
catlgbysstage stabt 8 1t endepeatdeding tgesinf ¢ndt he Ior gari sscond
in the newy charged nedi cal waste. Since the
pespPicorraak the sddonn &t hlge vansk f3zatsoni ghwrcasmmrt the
the first stage tank 31, returning the catalyst 2
fPéﬁﬁphésdowﬁéﬁreéﬁﬂqyﬂ9$%¥39ﬂth%gséééﬁ@ stagerehpk gJas
32 to the upstreamend 33 in the first stage tank 31

i §OPELFSLREd MRILPHOUC I Siedefall difsel F TohVEyERL EeF el
feeder, and the like. [0114] The above gas (gasified
oﬂ&éﬁﬁés) is sent to the lime neutralization

treatment nmeans, and then to tue oxi dation 91
When the catalyst reaches the downstream end 36 1n

the second stage tank 32, the catalyst 2 slides down through
the returning passage 20 to return to the upstream end 33
in the reactor 3, thereby the catalyst 2 circulates in the
reactor 3. Accordingly, when medical waste which is
crushed by the crushing means i1s newly charged into the
reactor 3, the same catalyst 2 is able to repeatedly gasify
the organics in the newly charged medical waste. Since the
position of the second stage tank 32 is higher than the first
stage tank 31, returning the catalyst 2 from the downstream
end 36 in the second stage tank 32 to the upstream end 33
in the first stage tank 31 is performed without forceful
use of conveyer, screw feeder, and the like.
[0114]

The above gas (gasified organics) is sent to the lime

neutralization treatment means, and then to the oxidation
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catal yst treatnment nmeans. The step of renpving toxic
ingredient in the exhaust gas is not described in the
exanple. [0115] In the above circul ation step, the
organi cs occupying a large portion of the nedica

waste are gasified. The netals existing in the

medi cal waste, however, are left behind in the

catal yst 2 even at the downstreamend 36 in the

seednd ystage daitke32. mdhase nmEtal sst@y bur thefobithg toxic
brought to be separated together with the netals in

t hagstepenaf ici rchud atkknguthe oeat al ysho?2. deeicrexanpl &, the
the wire mesh 16 having an opening to all ow greatest
demengilen of the catalyst 2 to pass through is

inserted in the returning passage 20 as the neans for
seépanati ng and recovering netals and/or inorganics

15. In this case, the returning passage 20 nay be

| ocat edToutlsi deovhesreactori @ steas tine ometealiss caaghying
by the wire nmesh not to expose to the high tenperature
gas laTiygs powtiamnt el netalmedheght wbyt e herai pesimgshdar eThe
taken out by opening the returning passage 20, the
nmeeipg sc & 1I5é& 1 nde sy ddr o s it el @@Satreysthwqmé%r eafpeleft
netals enter the nedical waste being newly charged
|ﬁ?@lﬂﬁelﬁebbﬁo@a@alYfDI&GT”?hé“bﬁé@éﬁpwmﬁﬁéﬁ@ﬁbﬁnﬁs36 in
able to be carried out in_ nodes after applyin

vaFretSeEnsk ﬁﬁﬁﬁ%v@%%%t%zandThﬁﬁélﬂ%&ﬁ#%ﬁ%ﬂbéﬁ%ﬁ%ﬁr be
the know edge of persons skilled in the art wthi

r BRGEIRGL LR ed%%%?‘?a??%ﬂ%qgﬁéﬂéedbﬁéthtl%%@et@éS in'the step

of circulating the catalyst 2. For example, the wire mesh
16 having an opening to allow greatest dimension of the
catalyst 2 to pass through is inserted in the returning
passage 20 as the means for separating and recovering metals
and/or inorganics 15. 1In this case, the returning passage
20 may be located outside the reactor 3 so as the metals
caught by the wire mesh not to expose to the high temperature
gas. Thus, when themetals caught by the wire mesh are taken
out by opening the returning passage 20, the metals can be
removed from the catalyst 2 before the metals enter the
medical waste being newly charged into the reactor 3.
[0116]

The present invention is able to be carried out in
modes after applying varieties of improvements and
modifications based on the knowledge of persons skilled in

the art within a range not to depart from the scope of the
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present invention. For exanple, there is a case of not
needi ng the circulati on neans 5(B). For instance, the
first pernmeable bottom 35 is located in a tilting
position so as the discharge end 34 to becone hi gher
than the upstream end 33, thereby letting the

catalyst 2, which is transferred by the transferring
nmeans 5 to the discharge end 34 of the first

peraeablte ibethamosn, down ctiangatld,y diedde chargesends not
37 of the second perneable bottom 38. [Exanple 11]

[ 0224l nEheehar gecwpeni sy Beshews (BN .Fi glorl%instance, the
opened, and the catalyst 2 is let flow down to near

t e rgpspeeasnkehd b33tort3® he sanetedne, & hélting position
circulation means 5 is actuated. Thus, the

cispcas atieanl sxeaansg S chidahs fterlse ¢t dree tatcdleysthan thiagpbyream
fromthe upstreamend 33 toward the downstream end
36ndAt3t hhsrrbyeht i tithe toat ad yast y2t exighsclang transferred
circulates in the circulation passage fromthe

upst Feant exds BSrrong ieeampinstor ehm @helcl38r 9 ¢ (83 4The the
fl ow ng down of the catalyst 2 is stopped when the
voRryese @@rmgblgfb%@%a&%l yown2daeedmulat@ed-tien chigge end
circul ati on passage reaches a desired value. After

cPdsiPiig thke Sekarge Pep@iany, et t8atithg nmeans 9 heats
the air supplied by the air-supply blower 19, and
suppPiedct k! hot air to the reactor 3, thereby
heating the catalyst 2 in the reactor 3 to a
téﬁﬁéﬁgture range from 420C to 560C. 93

The charge opening 8 shown in Fig. 19 is opened, and
the catalyst 2 is let flow down to near the upstream end
33. At the same time, the circulation means 5 is actuated.
Thus, the circulation means 5 transfers the catalyst 2
firstly from the upstream end 33 toward the downstream end
36. At this moment, the catalyst 2 exists and circulates
in the circulation passage from the upstream end 33 to the
downstream end 36.

[0118]

The flowing down of the catalyst 2 is stopped when
the volume or mass of the catalyst 2 accumulated in the
circulation passage reaches a desired wvalue. After
closing the charge opening, the heating means 9 heats the
air supplied by the air-supply blower 19, and supplies the
hot air to the reactor 3, thereby heating the catalyst 2

in the reactor 3 to a temperature range from 420°C to 560°C.
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Since the catalyst is not deteriorated even retaining

in the reactor, the succeedi ng deconposition

operation can begin fromthe step of heating the
catalyst 2 in the reactor 3. [0119] Next, the

crushi ng apparatus shown in Fig. 22 crushes nedica

waste to a size of several cubic mllinmeters and of

| arger than the size of the catalyst. The crushed

medihecal thastethsyehangedotrasttheoehargeeopani8ga8ning in
into near the upstreamend 33. The circul ati on neans
S5tokr celbattes, tihe nediccaddiwastdadogeideriom tbpéhetion can
catal yst 2 through the above circulation passage. In

t begdinr tubmtihensseppy £ hee ticat ahy stat2 gk 2hien medi cabctor
waste are continuously agitated by the screw feeder
as.the agitation neans 6, thus the contact between

the catalyst 2 and the nmedical waste is repeated,

whioéh 9%énhances t he deconposition of organics in the

medi cal waste by the action of the catalyst 2. Through

t he probess, Hi4 crhehongampresratiipa themmedi Kad - Wwasgeushes
charged into the reactor 3 are gasified during the
cheeldlcatli basthet®eensihe opsteeanrenduBlcangliheeters and
downstream end 36. During the gasification process of

t Ré drgafitcsthdmethgecomsost i Bgeoﬁattﬁém%ener%%scaﬁéhed
consi sting mainly of carbon dioxide and water vapor.

[ BEJOF2WHERS Ehe ScaltaF §8¢ TX FehBReT 3 HES BRI Peamrdmmear

36, the catalyst 2 _slides down through the returnin9
p5§§a§85tggam end 33. The circulation means 5 circulates

the medical waste together with the catalyst 2 through the
above circulation passage. In the circulation step, the
catalyst 2 and the medical waste are continuously agitated
by the screw feeder as the agitation means 6, thus the
contact between the catalyst 2 and the medical waste is
repeated, which enhances the decomposition of organics in
the medical waste by the action of the catalyst 2. Through
the process, all the organics 4 in the medical waste charged
into the reactor 3 are gasified during the circulation
between the upstream end 33 and the downstream end 36.
During the gasification process of the organics, the
decomposition of them generates gas consisting mainly of
carbon dioxide and water wvapor.
[0120]

When the catalyst 2 reaches the downstream end 36,

the catalyst 2 slides down through the returning passage
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20 to return to the upstreamend 33 in the reactor 3,
thereby the catalyst 2 keeps circulating in the

reactor 3. Accordingly, when nedical waste which is
crushed by the crushing neans is newy charged into

the reactor 3, the sane catalyst 2 is able to
repeatedly gasify the organics in the newy charged

nmedi cal waste. [0121] The above gas (gasified

orgath es)kuirs sethd @ptkheckinmhd Beutn &hkzadd®for 3, thereby
treatnment nmeans, and then to the oxidation catalyst

t teat neatahpgans.2 Thecptsepcotctuemmyhnag toXithdgaseactor 3.
t he exhaust gas is not described in the exanple.

[ 022} dPnefler, abinert e dietadr mawy pagsage 20 dasshbdé by the
means for separating and recovering netals and/or

I pouganingsndn s drsdnegbpnectrgyddhendownst reamtemd3 36 Hensame
the reactor 3 with the wupstreamend 33 therein. As
destrilbed belownbilp detraideatditly geparfat tha aompmsids in the
separates the remamined netals and inorganics fromthe
catallystch2 rgeansfesiiced t@stttse downstream end 36. The
returni ng passage 20 returns the catalyst 2, from
whiPéR1lthe netals are renoved by the separating and
recovering neans 15, to the upstreamend 33. [0123]

The sepghatqkﬁhv%ﬁ@ﬁs %%@?H@W&@%éﬁSléeﬁ*évﬁchéheahlme
opening to all ow greatest dinmension of the catal yst 2
Beﬁé§§ltlﬁ@6&§>ﬁ LaRatmsnitngerhed 3 tHEe &G §ecopxtfation
returni n% Eassa ge 20. Wien the anmount of netal s caught

bgatg YS reatment means. The step of removing toxic gas
in the exhaust gas i1s not described in the example.
[0122]

Preferably the returning passage 20 has the means for
separating and recovering metals and/or inorganics 15, and
connects the downstream end 36 in the reactor 3 with the
upstream end 33 therein. As described below in detail, the
separation means 15 separates the remained metals and
inorganics from the catalyst 2 transferred to the
downstream end 36. The returning passage 20 returns the
catalyst 2, from which the metals are removed by the
separating and recovering means 15, to the upstream end 33.
[0123]

The separation means 15 is the wire mesh 16 having
an opening to allow greatest dimension of the catalyst 2
to pass through, and is inserted in the course of the

returning passage 20. When the amount of metals caught by
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the wire mesh reaches a certain volune, the returning
passage 20 is opened to take out the netals and/or

i norgani cs, which passage 20 does not allow the netals

in the waste plastics and organics 4 to remain in the
reactor 3, while suppressing the oxidation of netals,
thus realizing the recycle use of the netals. [0124]
Wth thus described apparatus for treating waste

plast ivCis-cantle O gaBeesest ke detad sn (@bumieymtd ) réturning
98.9%% of average purity were recovered. A sheet of
pbastiagef i 2n W t bpeapdr -depasideedoAL titer ear twds and/or
crushed to about 5 cm square pieces, which pieces

wene rivhen i, xetl iahdpagstgtedd dwdd rtdte adateal yote metals in
(titaniumoxide) 2 in 1 to 3 mmof size, heated to

abbet wd80€ plasticesurat erigandrrsappar atarsa frorin theateagtor
waste plastics and organics for 10 m nutes. At every
oRe cwWhtlfatswppoésshegccatlet ystxiZldtnidrthe afeansthds, thus
treating waste plastics and organics 1, thin A pieces
haeeAg zsagertdle sg@ancd eceritd et drfse inretsd ze. wer e

recovered. The recovered plastics pieces were

defoérpdsed to gasify, and high purity alum num netal

was recovered. Shorter circulation tine expects

hi gher PBukEht yhor rdeoverRr nePafratpe1251 Erisdi cht gaste
and exanples for the apparatus for treating waste
pPasfité§SanldoP HaRT €SS actet At tD HeM gy el ) of 98.95%
i nvention are descri bed above. The present invention_,

i 8T ABRETER PHotLY fitedSFOVEHETe e tetisPlagsic f1lm

with vapor-deposited Al thereon was crushed to about 5 cm
square pieces, which pieces were then mixed and agitated
with the catalyst (titanium oxide) 2 in 1 to 3 mm of size,
heated to about 480°C, to circulate in an apparatus for
treating waste plastics and organics for 10 minutes. At
every one circulation of the catalyst 2 in the means for
treating waste plastics and organics 1, thin Al pieces
having several square centimeters in size were recovered.
The recovered plastics pieces were decomposed to gasify,
and high purity aluminum metal was recovered. Shorter
circulation time expects higher purity of recovered metal.
[0125]

Embodiments and examples for the apparatus for
treating waste plastics and organics according to the
present invention are described above. The present

invention is, however, not limited to above embodiments.
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According to the above exanples, the netal pieces are
left on the wire nesh. However, the catalyst 2 nmay be
left on the wire nesh. Since the size of recovering
netal pieces my differ with the conditions of kind

of recovering netal, heating tenperature of the

catal yst 2, oxygen concentration, and the |like, the
recovery condition, the size of the catalyst 2, the
openbrgidly theciv @dmsbxaapdcekhethekfet@d® pieces are left
prelimnarily adjusted so as the large netal pieces to
ben kteEtwbnetiheshd r eldvesihet 0 tlec @earalther tamget be left on
netals. [0126] Fig. 19 shows the nmeans for treating
wastewplashees. ahichos gard s zZk of herbzentialy peskfipheces
The reactor 3 may be tilted so as the downstream end
36atyod beteneriHilghke ddrathi t ides wiskiedm emé c83Fer\henmetal,
the downstreamend 36 is positioned higher than the
pbsetiioy ofmppst teamoenthd8atieley s tcat alkyster2cohieht wasion,
transferred by the circulation neans 5 to the
dewndsttiheam Enel, 36heanrsse vaelnivd-clowh! thwloughheheize of the
returni ng passage 20 by its own weight, thus can be

r eelipAdet o the Apsticamiefde3Biremetlar gubdhe hake are
returning passage 20 may be a chute to connect the
dewRstréamrénd 86J1AteReSOreactiy? 3nde Aalvd ppsaesarr Pe
end 33 therein. [Exanple 12] [0127] As illustrated in
FL§Lto0n petr iidicsFeshada e GRethcalle west € waket phit -

in the cage 40. The cage 40 containing the Petri

dil§hedli s put in the reactor 3 through the charge 97

Fig. 19 shows the means for treating waste plastics
and organics 1 in horizontal position. The reactor 3 may
be tilted so as the downstream end 36 to become higher than
the upstream end 33. When the downstream end 36 is
positioned higher than the position of upstream end 33, the
catalyst 2 which was transferred by the circulation means
5 to the downstream end 36 can be slid-down through the
returning passage 20 by its own weight, thus can be returned
to the upstream end 33. In that case, the returning passage
20 may be a chute to connect the downstream end 36 in the
reactor 3 with the upstream end 33 therein.

[Example 12]
[0127]

As illustrated in Fig. 20, petri dishes as the medical

waste were put in the cage 40. The cage 40 containing the

Petri dishes is put in the reactor 3 through the charge
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opening 41. Then, the catalyst 2 was let flow down

into the reactor 3 through the vent opening 39. Thus

the catalyst 2 flows down fromthe upstreamend 33 in
the reactor 3 to the downstream end 36 therein. Next,
the screw feeder is actuated. Thus the catal yst 2
accunmul ated near the downstreamend 36 returns to the
upstreamend 33 in the reactor 3 via the returning
pagsageg2@1 .The fl owi ng-down of the catalyst 2 is

st opped when the volune or mass of the catalyst 2
accunul ahed, ithd beteilyeulabon qpassagelaweaches thae reactor
desi red val ue. The heating neans 9 heats the system so

as theoutianpeeateme @fert hreg cad al y¥tu? tie thealgact or £Bows
to beconme in a range from420C to 560C. Since the
cdbahydirans o udeteeaonr anhed Evemn r ehai miepgtior theto the
reactor, the succeeding deconposition operation can
bdgivnsftrermt &t ep chelreatni.ng Naxdtie chhal pstre® ifeader is
reactor 3. [0128] During the course of flow ng down
(ecitwaltati.-on) Tofis thee catdlaistst2 gt admumulated near the
catal yst-activation tenperature from the upstream end
330 stiie are &1COB 3 ed e dwrists edrs ferriem 38nd héd eih, the
the Petri dishes contact wwth the catalyst 2, and are
gaspfrited. S Gas? f ittt O BT IFe tAdS S %h 2§enef &te5l gesng—down

consi sting mai nly of carbon dioxide and_water vapor.
[ 0120 © Sitice! ¥hie Zcafat yRPed WHiEh theaERéemeher mass of the

downstreamend 98 , , ,
catalyst 2 accumulated in the circulation passage reaches

a desired value.

The heating means 9 heats the system so as the
temperature of the catalyst 2 in the reactor 3 to become
in a range from 420°C to 560°C. Since the catalyst is not
deteriorated even retaining in the reactor, the succeeding
decomposition operation can begin from the step of heating
the catalyst 2 in the reactor 3.

[0128]

During the course of flowing down (circulation) of
the catalyst 2 at the catalyst-activation temperature from
the upstream end 33 in the reactor 3 to the downstream end
36 therein, the Petri dishes contact with the catalyst 2,
and are gasified. Gasification of Petri dish generates gas
consisting mainly of carbon dioxide and water wvapor.
[0129]

Since the catalyst 2 which reaches the downstream end
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36 in the reactor 3 returns to the upstreamend 33 in

the reactor 3 via the returning passage 20, the

catalyst 2 circulates in the reactor 3. Consequently,
the catalyst 2 at high activation state can be
successively charged onto the Petri dishes. [0130]

The above gas (gasified organics) is sent to the line
neutralization treatnment nmeans, and then to the

ogicdahi ®Re £adatyst3 trealentt dreans upEte sieenef 33 in the
renoving toxic gas in the exhaust gas is not

desearithed 3 nridhetlexanpternifh&xaapkagk32(,0131d catalyst 2
Deconposition system for waste plastics and organics
accaordilagetso inhéhpr esentoirndent Cons&siagtihe the catalyst
deconposition apparatus described in Exanple 9, the

t tanihuimhoxcdévgtanul Esata calnebe eant@rs Biar ey chuartoeelr onto
heated to a tenperature range from420C to 560C. The
charafeeriistiicshesf. the titani um oxide as the active
ingredient in the applied titanium oxide granules are
(1P138pecific surface area in a range from35 to 50 in
/g, and (2) size of granules of 3.5 nmesh (5.60 nm or
smal | er Th¥LEppldieed (gasi &1 pHlaxtdast ahd l@rgaﬁtctso &he lime

the plastics which generate chlorine, hydro%
cﬁpéﬁﬁéélZa§&pﬁuFr@égﬁéaﬁd@eaﬁﬁtr@@@ﬁﬂéﬁhﬁéu 8¢, oahdation

the like in the deconposition step. [0132] 99
catalyst treatment means. The step of removing toxic gas

in the exhaust gas is not described in the example.
[Example 13]
[0131]

Decomposition system for waste plastics and organics
according to the present invention

Using the decomposition apparatus described in
Example 9, the titanium oxide granules in the reactor 3 are
further heated to a temperature range from 420°C to 560°C.
The characteristics of the titanium oxide as the active
ingredient in the applied titanium oxide granules are (1)
specific surface area in a range from 35 to 50 m“/g, and
(2) size of granules of 3.5 mesh (5.60 mm) or smaller.

The applied waste plastics and organics are the
plastics which generate chlorine, hydrogen chloride,
sulfur compounds, nitrogen compounds, and the like in the
decomposition step.

[0132]
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Conmpared with the conventional deconposition nethod,

t he above-descri bed deconposition system shows
significantly high deconposition efficiency.
Furthernore, wth the linme neutralization treatnent
step using the linme neutralization nmeans and with the
oxi dation catalyst treatnent step using the oxidation
catal yst treatnent neans, the above deconposition

met hod cengdets veiasi kyetdenvdnendmentdeobrploastiies: agdhod,
organi cs generating HO, hydrogen fluoride, sulfur

c afpoundsyo v tdagen lsefrpouddsomand ithen | i ke/dtert he shows
deconposition step, of biological substances such as
bsagd,i fardnafl yf th Ugl idee cogryEdunids) génerathng. hydrogenmore,
fluoride. In addition, the above deconposition nethod
easithyticenduct ses¢parlatzadn cantdreetoeerys dép netiale thandime
i norgani cs which are mxed in the waste plastics and
ongafired ige tilinc hnases vauot - deposittied oxiadhered tatatyst
| east one side of the surface thereof. [0133] Al the
exarpltasnsfs t¢ie uplagerte crveattiion deselvbed reaboeicanans,
be carried out in nodes after applying varieties of
iﬁbﬁovéh@ﬁ?s,dﬁ@@mppéétﬂ@ﬁs,maﬁEOdhaﬁgééu@ﬁSth@aﬁééVs the
of the know edge of the persons skilled in the art
wﬁﬁﬁﬁﬁmeétﬁﬁhﬁgaﬁéﬂCﬁdﬂﬁéGé@@nﬂﬁ@ng@%%r%éb@@}%ﬁﬂthﬁdrogen
present invention. [Industrial Applicability] [0134]
ThéUg&d6RpoSitlitol iedin tec dhpost 5o dpparates, and the

and deconEosition system according to, the present
i AvERt FBnthgopecomposition step, Of biologlcal substances

such as blood, and of fluorine compounds generating
hydrogen fluoride. 1In addition, the above decomposition
method easily conducts separation and recovery of metals
and inorganics which are mixed in the waste plastics and
organics or which are vapor-deposited or adhered to at least
one side of the surface thereof.

[0133]

All the examples of the present invention described
above can be carried out in modes after applying varieties
of improvements, modifications, and changes on the basis
of the knowledge of the persons skilled in the art within
a range not to depart from the scope of the present invention.
[Industrial Applicability]

[0134]
The decomposition method, decomposition apparatus,

and decomposition system according to the present invention
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are the useful technology for treating all Kkinds of

waste including plastics, not limted to nedica

wast e. BRI EF DESCRI PTI ON OF THE DRAW NGS [0135] Fig.

1l illustrates an apparatus for determ ning an

abrasion rate of titaniumoxide. Fig. 2 shows

conparison of abilities as to immobilization of

chlorine. Fig. 3 shows influences of water content in

| bire tRBtEeséahs. t&tigho Boghomsr sttt iofg haat kngds of waste
tenperature in linme neutralization treatnment process.
Fiigclbhdihluptibatreés sg selhensinicad evs aledincal wm e .
catalyst tank. Fig. 6 illustrates a flow of the
desaEpoESCAA PTathodF afiFwasizei NGIst i cs according to

the present invention. Fig. 7 shows the results of
decolpdsition of waste plastics at various

tenperatures. Fig. 8 shows detection of dioxin

gener at 8dgi nlt heluproeessesnofprdecahpoesivirodenerhoding an
according to the present invention. Fig. 9 shows the

r ebukss cof ragas wrferditangfunyasdsie gener at ed by
deconposition of various waste plastics. Fig. 10

shows t hédresdl t §hefvscheer e iadier etf f uHyusltbes heas to
titani um oxi de granul es after deconposition

t FBHPReAL Zatopn of chlorine.

Fig. 3 shows influences of water content in lime
materials.

Fig. 4 shows study of heating temperature in lime
neutralization treatment process.

Fig. 5 i1illustrates a schematic view of an alumina
catalyst tank.

Fig. 6 illustrates a flow of the decomposition method
of waste plastics according to the present invention.

Fig. 7 shows the results of decomposition of waste
plastics at various temperatures.

Fig. 8 shows detection of dioxin generated in the
processes of decomposition method according to the present
invention.

Fig. 9 shows the results of measurement of gases
generated by decomposition of various waste plastics.

Fig. 10 shows the results of check of adhered fungus
to the titanium oxide granules after decomposition

treatment.
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Fig. 11 shows a part of conpression nold upper-presser
(nmeasure: mm. Fig.12 shows a part of conpression nold

| ower - presser (neasure: my). Fig.13 shows intensity

di stribution of catalyst (w thout edge-treating).

Fig.14 shows intensity distribution of catalyst (wth
edge-treating). Fig.15 shows a schematic draw ng
illustrating the main parts of the neans for treating

or gani cs1gccordidigs baexamt@ndrofsihe mpresepber-presser
i nvention. Fig. 16shows schematic draw ngs

I (hestoatki:ngmyari ous nodes of the neans for treating
organi cs according to exanple 9 of the present

i nvent i Big . FR gsHodvss haqwvesr a o$ et ¢ ©s dsmawioigl lower-presser
illustrating the main parts of the neans for treating
orlganiscsecacoondi ng to exanple 10 of the present
invention. Fig.18 shows a cross sectional view of the
nmeans f8Lg.LlReatliany oflganrihes taccdidi ngotolexams ecdbalyst
of the present invention. Fig.19 shows a schematic
driawithguit] ledseratriead ittee - mai n parts of the neans for
treating organics according to exanple 11 of the

present Fiiﬁvgﬁt IFRWFi gn2enshéws &l sehdpatiendcdw agtalyst
illustrating the main parts of the nmeans for treating
orlyaninc §dgecordicrid ™% - exanpl e 12 of the present

i nvention. 102 , , , ,
Fig.15 shows a schematic drawing i1llustrating the

main parts of the means for treating organics according to
example 9 of the present invention.

Fig.16 shows schematic drawings illustrating various
modes of the means for treating organics according to
example 9 of the present invention.

Fig.1l7 shows a schematic drawing illustrating the
main parts of the means for treating organics according to
example 10 of the present invention.

Fig.18 shows a cross sectional view of the means for
treating organics according to example 10 of the present
invention.

Fig.19 shows a schematic drawing illustrating the
main parts of the means for treating organics according to
example 11 of the present invention.

Fig.20 shows a schematic drawing illustrating the
main parts of the means for treating organics according to

example 12 of the present invention.
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Fi gs.21(a) and 21(b) show perspective views of
nodi fi cati on exanples of the transfer neans and the

agi tation neans, respectively, applied to the means

for treating organics according to the enbodi ments of
the present invention. Fig.22 shows a block flow

di agram of the deconposition apparatus for waste

pl astic and organi cs according to the exanples of the
present rig¥eptiian. d&i@. 23 @howshawblmekssh @giaen efiews of

conventional apparatus for deconposing organics.
[ plignatitannof eRehpet eace> Nunekal 8fFanf0436]mdangreamsi the
for treating waste plastics and organics 2: catalyst
3aghieaction deanast egaasttiicsland argaddsto Sthe means for
circulation nmeans 6: agitation nmeans 7: charge
operiengng8:o mdmriges openpnding: theathegempansme@ts of the
ai r-bl owing chanber 11: partition wall 12: paddle 13:
comeaeetpontieart1o4: rotary shaft 103
Fig.22 shows ablock flowdiagramof the decomposition
apparatus for waste plastic and organics according to the
examples of the present invention.
Fig.23 shows a Dblock diagram of conventional

apparatus for decomposing organics.

[Explanation of Reference Numerals]

[0136]

1: means for treating waste plastics and organics

2: catalyst

3: reactor

4: waste plastics and organics

5: circulation means

6: agitation means

7: charge opening

8: charge opening

9: heating means

10: air-blowing chamber

11: partition wall

12: paddle

13: concave portion

14: rotary shaft
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15: means for separating and recovering netals and/or

i norganics 16: wire nmesh having an opening to all ow
greatest dinmension of the catalyst 2 to pass through

17: pocket for collecting nmetals and/or inorganics

18: di scharge opening for netals and inorganics 19:
air-supply blower 20: returning passage 21: spira

bl ade 22: bl ade row 23: crushing neans 24: charge

openi nge0fs sobtdswasire tihastds ando®eganigCSuetZbls and/or

degradation site of waste plastics and organics 30:
panbrgonceal | 31: first stage tank 32: second stage
tank 33: upstreamend 34: discharge end 35:
pecreabt e recitt bawvi36: ardowerstimeaho enidl o3 greehiasged endnsion
38: perneable bottom 39: vent opening 40: cage 41:
chdr gecopemiaiyst42: tmestask04hrough

17: pocket for collecting metals and/or inorganics

18: discharge opening for metals and inorganics

19: air-supply blower

20: returning passage

21: spiral blade

22: blade row

23: crushing means

24: charge opening of solid waste plastics and organics

25: degradation site of waste plastics and organics

30: partition wall

31: first stage tank

32: second stage tank

33: upstream end

34: discharge end

35: permeable bottom

36: downstream end

37: charge end

38: permeable bottom

39: vent opening

40: cage

41: charge opening

42: mesh
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81: three-piece blades 82: notch 83: axial flow blade
84: projected piece 85: projected piece 101: crusher
102: reactor 103: agitation blade 104: blower 105:
renmoval apparatus 106: separator 107: correction tank
201: sanple vessel 202: agitator 203: shaft body 204:
agitation blade 105 WHAT IS CLCAIMED IS: 1. A
deconposition nethod of waste plastics and organics
byigashirpiergithe wastee pl astics and/ or organics, the
met hod conprising a process of heating and agitating

t Be:wastcehpl asti cs and/ or organics together with a
catal yst conposed of titanium oxide granules in which
t he:aetkiiwe filogr édisetad i s titani um oxi de, wherein the
heating tenperature of the catalyst is within the

r adgepobj420€d o <sB80C. 2. The deconposition net hod
according to Caim1l,

85: projected piece
101: crusher

102: reactor

103: agitation blade
104: blower

105: removal apparatus
106: separator

107: correction tank
201: sample vessel
202: agitator

203: shaft body

204: agitation blade
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wherein the titani umoxide of titani um oxide granul es
have the follow ng characteristics: (1) the specific
surface area from35 to 50 m/g; and (2) the granule
size of 3.5 nmesh (5.60 mm or smaller. 3. The
deconposition nmethod according to Caim1 or 2,

wherein a treatnent anount of the waste plastics

and/or organics per hour with respect to 100 kg of

t Weatri ttanicumiMexi de :granules is 3.0 to 40.0 kg. 4. The
deconposition nethod according to any one of Cdains 1

to 3, furthkrerdeormdsi tgoa hiereogeut f alvbzakl @ilastics and
treatment process. 5. The deconposition nethod

according bp @nyidnenofthChvaigte blbetdcsf antiler organics,
conprising an oxidation catalyst treatnment process.

6 ththeedeodnposptienngethpdoaecer diingetvoithaamibagitating
further conprising an alum na catal yst treatnent

prbeesss td 06 asdfiorseanfiéonxd et iors tavaltystr widatneatalyst
process. 7. The deconposition nethod according to any
onemppsed aifmg itamng 18y urdeherraiohpes sigiltheh pklbeesstive
of separation of netals and/or inorganics. 8. An
apparaddsnsf dat albistardivieulatidm typeefein the heating
deconposi ng waste plastics and organics, conprisin

( IprReTREHAS Pér threalitAd YwastE e Hﬂﬁéﬂpc§h8n6a69§a9%0§?OOC
and %2)03 nmeans for treating oxidation catalyst. 9.

The afparatus for deconmposing waste plastics and

organi cs according to claim8, wherein the neans for.
2. The decOmposition method according to Claim 1,

wherein the titanium oxide of titanium oxide granules have
the following characteristics:

(1) the specific surface area from 35 to 50 m“/g; and
(2) the granule size of 3.5 mesh (5.60 mm) or smaller.

3. The decomposition method according to Claim 1 or
2, wherein a treatment amount of the waste plastics and/or
organics per hour with respect to 100 kg of the titanium
oxide granules is 3.0 to 40.0 kg.

4. The decomposition method according to any one of
Claims 1 to 3, further comprising a lime neutralization
treatment process.

5. The decomposition method according to any one of
Claims 1 to 4, further comprising an oxidation catalyst
treatment process.

6. The decomposition method according to Claim 5,

further comprising an alumina catalyst treatment process
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treating waste plastics and organi cs includes: a

reactor which circulates a catalyst in the reactor

and a nmeans for circulating and/or agitating waste

pl asti cs and/ or organics, charged froma charge

opening of the reactor, together with the catal yst,

(a circulation and/or agitation neans), the waste

pl astics and/ or organics being gasified in the step
obe€breulrakl BEitdhe iwaste llagdt cs andiait af gade €8.
together with the catalyst in the reactor. 10. The
appar at us Tlo¢ decamesi hgomasd ehdd asidosiang toaggnbes of
according to claim9, wherein the circulation and/or
agilbatisoh treanstustione compnirse rect bw deedes s ohsebaration
have spiral blades nounted to the respective rotary

shdf metanet aheld cby itnlvergeesipesct | ve drive sources, the
rotary shafts being inserted into the reactor. 107

11. The8appar st farugecdbnpesiny swastie cplladtiices aywee for
organi cs according to claim 10, wherein the two screw

f dedempogriad veatedoiassupstand icldaningti zomoalising (1) a
position in the reactor, and the rotation of the two
sBeewsf éedeFseatinguiates Rbrswass erpl estdaesi cindeed (2) a
organi cs together with the catalyst in the reactor
stisstantticdl [Oy siak IRGr iozdstedl lomdiGadcr 6ot - 12, The

apparatus for deconposi ng waste plastics and organics
accor di ig Tlo° GRRFA DY Teidff COR® OfEaNs WS e Prleatiing and

waste plastics and or%anics i ncl udes: ,
organics according To claim 8, wherein the means for

treating waste plastics and organics includes:

a reactor which circulates a catalyst in the reactor;
and

a means for circulating and/or agitating waste
plastics and/or organics, charged from a charge opening of
the reactor, together with the catalyst, (a circulation
and/or agitation means),

the waste plastics and/or organics being gasified in
the step of circulating the waste plastics and/or organics
together with the catalyst in the reactor.

10. The apparatus for decomposing waste plastics and
organics according to claim 9, wherein the circulation
and/or agitation means is one or more screw feeders which
have spiral blades mounted to the respective rotary shafts
rotated by the respective drive sources, the rotary shafts

being inserted into the reactor.
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a reactor which circul ates a catal yst from upstream

end to downstreamend in the reactor; a circulation

means whi ch circul ates waste plastics and/or organics
charged from a charge openi ng of the reactor together
with the catal yst fromthe upstreamend to the
downstream end; an agitation neans which agitates the
catal yst and the waste plastics and/or organics in

the react orth@ngpad aretsu FBirNge PasSAYEn YWt L4t Yildes itdeand
catal yst fromthe downstreamend to the upstream end
obryheireact@rodrdind heor eaetior ,1d hewnastenpltast itog screw
and/ or organics being gasified in the step of

cifeedkatsi aget hecaastieipl asibstsnandl oy boganbosal position
together with the catalyst fromthe upstreamend to

t he tdewnstceam emdd ofh¢ he tragaicirorof T3e The appawafesders
for deconposing waste plastics and 108 organics
acdéorcdilag etotlnd aiamtE | avhier e pndie r @age ol ch Sogditiatedi th
into a first stage tank having the upstreamend, and
atbecond adtvage inarikchavdany dthes Wowmst ¥ eald endnahdrizontal
being |ocated at higher position than the position of

f digecstiage tank, thereby the catal yst being gui ded
fromthe downstream end in the second stage tank into

t he ret UfniHf paPsage Ao fof| Fr emms B9 tHes Lp Stleeamcs and
end in the first stage tank. 14. The apparatus for
deEERPOSISNF VRRT @ pY adPi Slary Yor gafi S TacEBRdiMiF D foT
claim12, wherein_the upstreamend  and the downstream
etrd ek 1Fe A&t o amtd 9otk proanics includes:

a reactor which circulates a catalyst from upstream
end to downstream end in the reactor;

a circulation means which circulates waste plastics
and/or organics charged from a charge opening of the reactor
together with the catalyst from the upstream end to the
downstream end;

an agitation means which agitates the catalyst and
the waste plastics and/or organics in the reactor; and

a returning passage which guides the catalyst from
the downstream end to the upstream end of the reactor in
the reactor,

the waste plastics and/or organics being gasified in
the step of circulating the waste plastics and/or organics
together with the catalyst from the upstream end to the
downstream end of the reactor.

13. The apparatus for decomposing waste plastics and
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substantially in horizontal position, thereby the
catalyst after sliding down fromthe downstream end

by the self weight being guided into the returning
passage, and then flowing up to the upstream end. 15.
The apparatus for deconposing waste plastics and

organi cs according to any of clains 12 to 14, wherein

the circulation neans is a screw feeder which has a
spirhahiblsade comumedcd oc aaiot avy shafrie inotatedr-dyceor is
drive source, the rotary shaft being inserted into

t hevieact antol6. fThetappayat uankonadeéagnpnsi ngswaste end,
pl astics and organics according to claim15, wherein

t hedspisealoral adegehsnameaatixid itarydbladeredn. erldhend being
apparatus for deconposing waste plastics and organics
atoordengat diclhampdsinhieneimat dvenpanstion of Meatsitngtage
wast e plastics and organics includes: a reactor which
citroll atlesreb g athal gatalyomhgpisty gamdeli0Orend hteodownstream
downstreamend in the reactor; a cage which can

pesit i onthdhe agastce splast teskahdl ortheorganires nonpekeage to
reactor; and a returning passage whi ch gui des the

catlaly sovwiy ¢m thige Udtewistare e rnid! tidra hel 1p'st ¢ leade ehank .
of the reactor in the reactor, the waste plastics

and/ or bf gafieePPR ehélscage IDePThigC THRY atad Ry PWREH 1tdseand
catal yst and further being, gasified in the step of
dPEEPIAGS( EFFeUFafdngy thellatal yshereisntbReubpstFeinend
end to the downstream end of the reactor. 18. The

appdr atlis fOrVHREbRPBsi T waist e hicastirestand are located

substantially in horizontal position, thereby the catalyst
after sliding down from the downstream end by the self
welght being guided into the returning passage, and then
flowing up to the upstream end.

15. The apparatus for decomposing waste plastics and
organics according to any of claims 12 to 14, wherein the
circulation means is a screw feeder which has a spiral blade
mounted to a rotary shaft rotated by a drive source, the
rotary shaft being inserted into the reactor.

16. The apparatus for decomposing waste plastics and
organics according to claim 15, wherein the spiral blade
has an auxiliary blade.

17. The apparatus for decomposing waste plastics and
organics according to claim 9, wherein the means for
treating waste plastics and organics includes:

a reactor which circulates a catalyst from upstream
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organi cs according to any of claims 9 to 17, wherein

the reactor can supply a carrier gas froma plurality

of holes opened on the bottomof the reactor directly
into the catalyst in a uniformy distributed manner.

19. The apparatus for deconposi ng waste plastics and
organi cs according to any of clains 9 to 18, wherein

the step of circulation in the reactor has a neans

f ehd sepavatistg cand sneraverinyg retiadse and/ or

i norgani cs. 20. The apparatus for deconposi ng waste

pl asti cs a@nge waf ganiccs aecdrdidig the ehaicw p9aswheseand/or
the neans for separating and recovering netals and/or

I nogganices ins the meansdrgr separati ng the catal yst

froma mxture of the waste plastics and/or organics

and t heacatabysinpgnptbheagtephioh giitdekathencahaliet from
reactor. 21. The apparatus for deconposi ng waste

pltast dognandecaor gani ts abeordengetn ehdi mt20hewhereinr in
the neans for 110 separating the catalyst froma

mtkeur e2ofor hédhwaseetplmast $escs andl/or organiics amdhicheage
catalyst is a neans for separatin the netal s and/ or

i REAGENI ¢ Fa o rhe Wiatal Yot baded Yot twed diugdher being
di fference therebetween. 22. The apparatus for
déenposing” Wast et pP &5t FESPRABY OF yarii b3t Hegbriidicngafalyst
claim 21, wherein the nmeans for separating the netals
ahdPBr T A oWy 80 ROt © He T PHPySE capased On tifer SRGEOT -
di fference therebetween installs a sieve which allows
the cat aPyst!® 6Ppads el ef MiotRP? Al thd &ilepPrlastics and

circulation in the reactor
organ?cs accordqng to any of claims 9 to 17, wherein the

reactor can supply a carrier gas from a plurality of holes
opened on the bottom of the reactor directly into the
catalyst in a uniformly distributed manner.

18. The apparatus for decomposing waste plastics and
organics according to any of claims 9 to 18, wherein the
step of circulation in the reactor has a means for
separating and recovering metals and/or inorganics.

20. The apparatus for decomposing waste plastics and
organics according to claim 19, wherein the means for
separating and recovering metals and/or inorganics is a
means for separating the catalyst from a mixture of the
waste plastics and/or organics and the catalyst in the step
of circulation in the reactor.

21. The apparatus for decomposing waste plastics and

organics according to claim 20, wherein the means for
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23. The apparatus for deconposing waste plastics and
organi cs according to any of clains 8 to 22, further
conprising one or nore of the foll ow ng neans: (1)

al um na catal yst treatnment neans (2) crushing neans

(3) carrier gas supply neans (4) cycl one dust

coll ection neans (5) dust collection neans with bag
filter (6) heat exchange neans (7) preheater neans

( 8rpexhausy bhower amEarstr @) €0t i ng dTeans Wakd)e beattics
recovery neans (11) HCO continuous nmeasurenent neans
(22)/60 conthhususndreasiicanent/ smeansa nehd)s d@bar sepranssing
111 (14) linme neutralization treatnment means. 24. A
detemposils emdsyst énptgandecofipasitig wastéyspllasiedsn the
and organi cs using an apparatus for deconposing waste
pkaski ds fdrd corcgarihes ciedoredimg to any one of clains

8 to 23, thereby deconposing the waste plastics and

or gani c8Z.\ifi¢ eprpentartold fng ddeomeat i ng watipe pdgte cof and
the catalyst, conposed of titanium oxide granules in
whirghntike actdamdinqgredicdatin 2%, t dhenaibxitde, mgans nfor
the range of 420'C to 560C 25. The deconposition
S§§p@ﬁﬁgé@@rQhﬁgﬂ@@ah$eﬁnﬁépg inorganics from the catalyst

based on the size difference therebetween installs a sieve
which allows the catalyst to pass therethrough in the step
of circulation in the reactor.

23. The apparatus for decomposing waste plastics and
organics according to any of claims 8 to 22, further

comprising one or more of the following means:

(1) alumina catalyst treatment means

(2) crushing means

(3) carrier gas supply means

(4) cyclone dust collection means

(5) dust collection means with bag filter
(6) heat exchange means

(7) preheater means

(8) exhaust blower means

(9) cooling means

(10) heat recovery means

(11) HC1l continuous measurement means
(12) CO continuous measurement means
(13) alarm means
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wherein the titanium oxide as the active ingredient
have characteristics of: (1) the specific surface
area from35 to 50 m/g; and (2) the granule size of
3.5 mesh (5.60 m) or smaller. 26. The deconposition
system according to claim?25, wherein the titanium
oxide granules are a mxture of titanium oxide as the
active ingredient and any one of below (1) and (2)
(X)4al umingmexide] iandioh2) relltiean edade.. 112

24. A decomposition system for decomposing waste
plastics and organics using an apparatus for decomposing
waste plastics and organics according to any one of claims
8 to 23, thereby decomposing the waste plastics and organics
while controlling the heating temperature of the catalyst,
composed of titanium oxide granules in which the active
ingredient is titanium oxide, within the range of 420°C to
560°cC.

25. The decomposition system according to claim 24,
wherein the titanium oxide as the active ingredient have
characteristics of:

(1) the specific surface area from 35 to 50 m“/g; and
(2) the granule size of 3.5 mesh (5.60 mm) or smaller.

26. The decomposition system according to claim 25,

wherein the titanium oxide granules are a mixture of

titanium oxide as the active ingredient and any one of below

(1) and (2):
(1) aluminum oxide, and
(2) silicon oxide.
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