NQXI QUS COVPONENT REMOVAL PROCESS AND NOXI QUS COVPONENT REMOVAL AGENT
THEREFOR BACKGROUND OF THE I NVENTION 5 1. Field of the
| nvention” " This invention relates to M?gp@vm n a process
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generated upon thernmal treatment of the trash and 15 waste to form
har m ess gas and corrpounds 2. Description of the Prior Art
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amount yeag by:. year SGuhe nt is becom ng probl emati c.
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15 waste to form harmless gas and compounds.

2. Description of the Prior Art

Recently waste such as urban waste or trash are

increasing in its' amount year by year so that its treatment is

becoming problematic. Such urban waste includes waste or trash
20 from general homes and offices and therefore is mainly constituted

of combustible waste. This combustible waste includes a variety of

chemical substances (for example, plastic) containing a large

amount of polyvinyl chloride, and a variety of materials (for example,

paper used in offices) containing a large amount of chlorine
25 components such as chlorine-containing bleaching agent.

In general, incineration has been usually employed for
treating such waste. However, when the waste or treatable material
containing chlorine components is incinerated, chlorine-containing
gas such as hydrogen-chloride gas and chlorine gas is generated

30 thereby raising problems of environmental pollution and
deterioration of incinerating facility under the action of the
chlorine-containing gas. For the purpose of suppressing generation
of such chlorine-containing gas, it has been carried out to incinerate



2., : the waste or treatable material upon adding thereto a chlorine
renoval agent such as slaked linme, calciumcarbonate or the |ike as

di scl osed, for exanple, in Japanese Patent Publication No. 2-10341.
Additionally, it has been also known that after the treatable 5 material

cast in an incinerator is subjected to an incineration treat ment,
emtted gas undergoes a variety of purifizcation treatnents as occasi on
demands, for exanple, is introduced into a bag filter so as to be

reacted with aked Lime thus eventing, - ngxi. ous,.chl ori ne-cont ai ni ng
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the like in tligehadedid hElockhBhE NedBhRE, MEEUEONBEL /f:OfroducdiP it & tt ed
to the atnospheric._alr. Such neasures cah, pe expecte 0 obtaln a
certain effectagnfdier saasdpt borraasted with slakedalime thus preventing

chl ori ne- cont goRidigs JaRldre RBnPAiRYER! sl rRBnPebRthgli SRELERT t0 fthe
atnospheric air. Hoyever, it is difficult to conpletely renove
chl ori ne- $@nt AtMAsELeTCAMEnces by such neasures because chl ori ne-
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whi ch t hel5r ediaamdgestteemciherator itself and cormided steani pipessant fdxtheexanpl e,
in Japanese Paleil ¢, problems of producing dioxin which is virulently poisonous.
Accordingly, chlorine-containing gas has been usually reacted with
slaked lime or the like in the bag filter thereby being prevented from
being emitted to the atmospheric air. Such measures can be expected
20 to obtain a certain effect under treatment of burnt gas so that
chlorine-containing gas can be prevented from being' dispersed to the
atmospheric air. However, it is difficult to completely remove
chlorine-containing substances by such measures because chlorine-

containing substances remain in a residue formed after incineration

25 of the treatable material. This forms part of cause of generating

dioxin. Even by the measure of adding slaked lime or calcium

carbonate during the incineration, chlorine-containing gas has not
been able to be sufficiently prevented from its generation.

Further, it has been proposed that alkali material is

30 sprayed into the incinerator in which the treatable material is

incinerated as disclosed, for example, in Japanese Patent

Provisional Publication No. 54-93864. In this proposition, however,

chlorine-containing gas which has been once generated and filled in



Provi sional Publication No. 54-93864. In this proposition, however,

chl ori ne-contai ni ng gas whi ch has been once generated and filled in

3 the incinerator is treated, which is simlar to the above neasure
and therefore renders it inpossible to conpletely renove chlorine-
cont ai ni ng gas. Furthernorg, it has been al so proposed that
incineration 5 of the treatable materia? is acconplished upon addi ng
thereto al kali mat eri al containing calciumsuch as lime (CaCJerr]),

sl aked |ine Ca 2) .or_the,ike,, or that i s,passed through a
finrer i1 Teq the ingherAoriStredlRa. whitn aFf%%"’é%Y‘*&‘*%ﬁ‘%%‘g‘gd, f or
exanple, in therdfipenaendesas eitt ifpossibde i tn ddmpl2tdly34bmchap ohdsxinBat ent
10 Provisiona{:ﬁlﬁ%gﬂngg n No. 1-296007, and Japanese Patent -
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Publ i cati on NoPTPO51398y ¥¥ese Pat ent Provi si onal ~ Publ i cati on
No. 9-155326. Additi onkl tase bhtreddmentof chlorinPaboaairEng\gas @HEL):

bl LGt o Mo 2,353, aag PNA w0 4 B! TeterTal such
15 Ca(OH), + 2HC1 — CaCl, + 2H,0
In case of treatment of sulfur oxide containing gas (SO,):
CaCO; — Ca0 + CO,
CaO + SO, + 1/20, — CaSO,
Ca(OH), — CaO + H,O
20 Ca0O + SO, + 1/20, — CaSO,

Besides, it has also been proposed to cause the treatable
material to be subjected to thermal decomposition or dry distillation
in place of incineration, thereby reducing the volume of the treatable
material and carbonizing the treatable material, as disclosed in

25 Japanese Patent Provisional Publication No. 5-33916, Japanese
Patent (Kohyo) Publication No. 8-510789, and Japanese Patent
Provisional Publication No. 9-155326. Additionally, the Japanese
Patent Provisional Publication No. 5-33916 discloses spraying
alkali material such as slaked lime into a furnace; however, no

30 sufficient effect of removing chlorine-containing gas can be expected
because the alkali material is brought into contact with chlorine-
containing gas which has been once generated and filled in the
furnace.



3Q sufficient effect of renobving chlorine-containing gas can be expected
because the alkali material is brought into contact with chlorine-
cont ai ni ng gas whi ch has been once generated and filled in the

f ur nace. 4 In
view of the above, it has been eagerly desired to hasten est abl i shnment
of techniques for sufficiently removing chlorine- containing gas or
sufficiently preventing chlorine-containi ng gas from generation even

upon thermal treatnenty of. t he.i.reaiable
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treatabl e mat erral containing i ne conponents or
conpounds, t heonogshionr ef dioxingwhicheis keosm aSrh@ngu‘anuJ;w&V poisAnAUsat t he
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reacted with alka 3 AGHRG ‘part larly al kali netal
carbonat e, al ldafflefe: - hON and al kali et al hydr oxi de)

so that the noxious As aCﬂé'sQlﬂ GEaGﬁiﬂéﬂ ﬂ‘&qﬂ%iﬁ%n@é%nﬁfﬁﬁ@btl |tibns
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noxi ous r &fovaiongiering substances or gases can be effectlvely reacted with alkali
metal compound (particularly alkali metal carbonate, alkali metal
hydrogen carbonate and alkali metal hydroxide) so that the noxious
chlorine-containing gases are effectively converted into harmless
chlorides. Additionally, it has been confirmed that alkali metal
20 component is also effective for converting noxious sulfur-containing

gases into harmless sulfite.

The present invention has been envisaged depending upon
the above knowledge and to provide an improved noxious component
removal process using a particular noxious component removal

25 agent containing alkali metal compound, in which noxious
component-containing gases generated upon heating the treatable
material are immediately reacted with the noxious removal agent
thereby to form harmless compound, preventing emission of noxious
component-containing gas into the atmospheric air.

30 It is an object of the present invention to provide an
improved noxious component removal process which can overcome
drawbacks encountered in conventional similar noxious component



t hereby to form harm ess conpound, preventing em ssion of noxious

conponent-containing gas into the atnospheric air. 30 It is an
obj ect of the present invention to provide an i mproved noxi ous
cosmponent renobval process which can overcone dr awbacks encountered in
conventional simlar noxious component

5 renoval processes, and an |nprovéﬁ noxi ous conponent renoval
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f ol | owi ng156t ephuring the thermal t{reatment thereby omitting the possibility of
generating noxious substances (including dioxin), while a residue
contains only harmless compound without containing noxious

component-containing substances.
A further object of the present invention is to provide an
20 improved noxious removal agent which is high in effect for removing
noxious component-containing substances or gases and to be used at
any steps in a noxious component removal process in which a waste
or treatable material is thermally treated.
A first aspect of the present invention resides in a process
25 for removing a noxious component from a treatable material
containing the noxious component, comprising the following steps in
the sequence set forth: (a) mixing the treatable material and a
noxious component removal agent to form a mixture, the noxious
component removal agent containing an alkali metal compound; and
30 (b) heating the mixture to thermally decompose the treatable
material to generate a noxious component-containing substance and
cause the noxious component-containing substance to contact and



t he sequence set- forth: (a) mxing the treatable material and a
noxi ous conponent renoval agent to forma m xture, the noxious
conponent renoval agent containing an alkali netal conmpound; and 30 (b)

heating the m xture to thermally deconpose the treatable material to
generate a noxi ous conponent-contai ni ng substance and cause the

noxi ous conponent-cont ai ni ng subst ance t & contact and

6 react with the noxi ous conponent renoval agent to forma harm ess
conmpound. ]

. A second asgect of the present jnvention iesi des in
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removing chlorine fromag treatahle material containing chlorine,
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removal agent ani F&iﬁf‘&'eﬁ%ﬁv AgEntHo r&_atggast one of hamﬁ}eﬁﬁﬁlﬁﬂn&pect of
the presend i mneghsulfiter esi des in a .

A third aspect of the present invention resides in a process

for removing chlorine from a treatable material containing chlorine,

SHha 5

comprising the following steps in the sequence set forth: (a) mixing
the treatable material and a chlorine removal agent to form a

20 mixture, the chlorine removal agent containing an alkali metal
compound; and (b) heating the mixture to thermally decompose the
treatable material to generate a chlorine-containing substance and
cause the chlorine-containing substance to contact and react with
the chlorine removal agent to form a harmless chloride.

25 A fourth aspect of the present invention resides in a
noxious component removal agent to be used in a process for
removing noxious component from a treatable material containing
the noxious component, the chlorine removal agent containing an
alkali metal compound, the noxious removal agent being contactable

30 and able to react with a noxious component-containing substance
generated from the treatable material upon heating the treatable
material, so as to form a harmless compound.



nQ@xi ous conponent renoval agent to be used in a process for renovi ng

noxi ous conponent froma treatable material containing t he noxi ous
conponent, the chlorine renoval agent containing an al kali et al
conpound, the noxious renoval agent being contactable 30 and able to react
W th a noxi ous conponent-cont ai ni ng substance generated fromthe
treatable material upon heating the treatfabl e material, so as to form
a harnm ess conpound. 7

A fifth aspect of the present i Vﬁ”ﬁﬁ on restdes IR hl
sul fur renoval agent t asREC CRIESER W%@V%ﬁ@?lﬂﬁsé? ac °nIn§ast one
of chlorine anghd $ulfur femoval agent abllze nzedrinah wacess fongemovingtat east

cont i ni ng.an GPRaeRS B pforidd ErbaRLDaRTR S tAleRERER coealEE
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material, so aemeviloagendbeingsrondaetald tq:mantuwhwt leasd e fite.
A sixth aspect of°fa t%l%ﬁ%ﬁ‘é&nt?mﬁi?'é’&bét‘%ﬂc@esaﬁ& % su]flﬁ'ttldi‘f moval
agent to be used In a process vin | ori ne froma tre abl e

material cont &Aubsianes geperated; ] Eﬁé’nbﬁ Gr'il‘ﬁét’# govaterial upggcheatdngithei ng an
al kali metal GeEREIKIE mhberial) & a8 %o RFRY al 188st dHENYS RekilessOdldei®d! e and

able to react wth chl ori ne-cont ai ni ng subst ance generated fromthe
treat abl e 1Rat ARG/ heating the treatable material, so as to form
a harnless chloride. A sixth aspect Afsﬂy@rwes@ﬁbeﬁiveﬁudﬁlerd@imrih a
I nvention resktdb'is in a tﬁ:f %‘g %o be us.ed ‘gapgidfrocess
For removi ng. AIPERS eVl AERRY orhesps SiPrufo e %

mat eri al cont drobong taéatable mamialoambainmy dn]:ommearthesahlbnm,e yempvaki ng
mter al _and- SRSHcsigtihe an ol HEA ol SAE. o {5{1 oMb e GORE"
t he chl orl6e agérdliding contactableant abjertp reant wii ag:lﬂunalel«aintalmnm
corrpound;. and {§3thA% generated from the treatable material upon heating the
treatable material, so as to form a harmless chloride.
A seventh aspect of the present invention resides in a
chlorine removal agent to be used in a process for removing at least
20 one of chlorine and sulfur from a treatable material containing at
least one of chlorine and sulfur, comprising the following steps in the
sequence set forth: mixing the treatable material and a chlorine and
~ sulfur removal agent to form a mixture, the chlorine and sulfur
removal agent containing an alkali metal compound; and heating
25 the mixture to thermally decompose the treatable material to
generate at least one of a chlorine-containing substance and a
sulfur-containing substance and cause at least one of the chlorine-
containing substance and the sulfur-containing substance to contact
and react with the chlorine and sulfur removal agent to form at least
30 one of harmless chloride and sulfite, wherein the chlorine removal
agent contains an alkali metal compound.
An eighth aspect of the present invention resides in a
system for removing at least one of chlorine and sulfur from a



25 the mxture to thermally deconpose the treatable material to

generate at |east one of a chlorine-containing substance and a

sul fur-cont ai ni ng substance and cause at | east one of the chlorine-
caont ai ni ng substance and the sul fur-containing substance to contact

and react with the chlorine and sul fur r val agent to format |east 30
one of harm ess chloride and sulfite, whetrein the chlorine renoval

agent contains an alkali netal conpound. An eighth aspect of
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and/or sulfur) removal process of the present invention, no

generation of noxious component-containing gas is made throughout

whole steps in a thermal treatment process of the treatable material

20 and throughout whole temperature ranges in the thermal treatment

process, which has not been achieved by conventional noxious

component removal processes which use slaked lime or calcium

carbonate as the chlorine removal agent. Additionally, the residue

formed upon thermal treatment of the treatable material contains

25 no noxious component-containing substances, containing harmless

compound (such as chloride and/or sulfite). Thus, the noxious

component removal process of the present invention exhibits a high

noxious component removal effect particularly for the treatable

material containing a large amount of noxious component-

30 containing substances or compounds of the noxious component , such
as urban waste or trash.

In the noxious component removal process of the present

invention, the noxious component removal agent of the present



carbonate as the chlorine renoval agent. Additionally, the residue

formed upon thermal treatnment of the treatable material contains 25 no

noxi ous component - cont ai ni ng subst ances, containing harm ess conpound

(such as chloride and/or sulfite). Thus, the noxious conponent renoval

process of the present invention exhibits a high noxi ous conponent

renoval effect particularly for the treathbl e material containing a

| ar ge anount of noxi ous conponent- 30 containing substances or conpounds
or tr

of the noxious,_conponent, .such . s _urban _waste sh. = ..
'n the nox 0“%8%%8&*?‘?%?’%Mﬁf§§§aﬁe mestalags fnmedisielion. ne
noxi ous conponmaict r ewitly aboaiparst -emeaining gas generated upon
9 I nventy on.J I_X | I ea terialy so as to i nmedi at el
react with no %@%o@ﬁoﬁ%ﬁ}p@%@n@gﬁﬁ#ﬁ% 5@%@8@ g‘%@L lb%’ifﬂfess ga?lé"é{‘fng thg
treat abl e nat exomapound eofe blye twoxtions dtempbeast. gls isrd be notedhthabdtlod t he
NOXi OUS COoRpo . t..l . | enoval
agent itseﬁP ('}g&r%ﬁggéucsoggp %@eﬁflé}g%)gglsra%%tHg%n]ié?a?ﬁg%qg&hdggwgﬁ for
thernal |y decortpezithgn: acheating sbew for thexmallyi decomposing theutreatable
thermal {real igteigl ff\¢hbr 6N 6F a thelBhPHedehEHR L0k 488 Ploathptdier the
I a at the he g step or

noxi ous conponent rejfova ent s use atin hot. In
ot her words, tmatemgl cﬁ?ga!i@leséoﬂgmhﬂre%%aﬂm?ﬁgéﬁtC‘Pmﬁ@nﬁnta’tﬁlb@v%ﬂs ed as
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facilitieg for treating r var.ious conventi onal

mtte , and oth

facilitiedOsudcomprongnt remoVﬁﬁ?ﬁ%‘i‘%i‘@gfg%P &?euﬁ‘fé‘.s ittis\gvien piteyd st ood
that the noxi Gigating ste®mEhewen (i6hh disled veaiatyadf faaliticstfos! freatinghe
pr esent |nvent|or%t15: may bqe; % | oyed at an¥ stg}gglal n .a, conventi onal
noxi ous conporféfttted gass AR o HES AR, FORY Gl facififies such At @gnal
i ECi nerating incingrateesmd chevwlikéedt will be understooldy th:inli tthe ﬁf)fddifsl fact
t hat noxi ous ¢ ent,- 104 (o3 e ner a (oX0) tely
renoved in t hec(agﬁﬁiula{ilet é%i&tqhgi %gﬁnoyal a%%ilgtlﬁ‘g# ogggfh%re[sreégtlgg’gﬁgr‘?&t erial,
a t her mal 16r eanagie é¢mpheyss at any steps in a conventional noxious component

(chlorine) removal process and in a conventional incinerating

process for wastes.
By virtue of the fact that noxious component-containing
gas can be generally completely removed in the furnace for thermal
20 treatment of the treatable material, a thermal treatment furnace
(including an incinerator) itself, steam pipes and the like can be
effectively prevented from being corroded, thereby prolonging life of
the furnaces and the facilities. Additionally, it is to be noted that the
residue formed upon heating the treatable material do not contain
25 dioxin which is virulently poisonous for human body, thus largely
improving safety from the circumferential and treatment-
operational viewpoints. _
Furthermore, according to the noxious component removal
process of the present invention, emitted gas from the furnace is
30 harmless and combustible, and therefore the emitted gas may be
reusable as fuel for a gas engine, a turbine, a boiler, a heat source of
a water heating device, and fuel for a heater. Additionally, massed
carbon components in the residue may be used as fuel, and inorganic



(i.ncluding an incinerator) itself, steam pipes and the |like can be
effectively prevented from being corroded, thereby prolonging life of

the furnaces and the facilities. Additionally, it is to be noted that the
resi due formed upon heating the treatable nmaterial do not contain 25
dioxin which is virulently poi sonous for aunan body, thus largely

I nproving safety fromthe circunferentiaf¥and treatnent- oper ati onal

Vi ewpoi nt s. Furt hernore, according to the noxi ous conmponent
removal pro sent venti o ed gas fr t he furnace
530" har mt o SaRETARISLR FEHANS Thay BrcRneaPle BRdheRarEiaL o elas e

reusabl e as f weimdrmir Ia vgibberm:pmclaaedlthlajt the mo:hous eomponendtresnovale of

car bon compondftotertofthe PledelfinyBheifa Rt be Phkotel o' FE R ERe
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or treatabl e r@asemay beofwrshes heated tonmakexrosecondiagy i gpaubestion amg 5
gas exists in It.fr Hént i‘dxotﬁé é‘ﬁﬁt@&"g’:‘é‘s‘?as%éaéﬁﬁr&érﬁéﬁdéhe em tted

gas nmay be fu h ate ustion as a

post - t r eat ment2Rbl >l » mands. BRI EF
DESCRI PTI ON OF THE DR/MEN@SS a block dlagram bf &-chlotifiedartd Qﬁlflﬂ' Rgheralof a
chl ori ne and sul fur r.enoval St é carr ng ou e fifth

enbodi mendOof s,yﬁgexpm)f?{:)ugarrymg CB oﬁ’@nt dd ®r BPEYWSo t he

pres egt I nventdogiponent repidvdlliidcBbSatt drliidt6thd bEebéMEWe@ﬂmn _
According to mmw I / I ng noxi ous
conponent (su airar ot ai@? Q@ﬁm @&/abl e 15 material
(such as urban waste @ccordiiy ta)the presetiiaventisheh processciortreimdviggt he
noxi ous conpo e set
forthe () m Htiows SORRoRBRE Q%R fy Rl Slds: bilfun) froh B SEAK
(chl or i delandmpategidl L(sylcheaavalrbagemaste) éortragh, or industrial Waste)
containing the noxious component, comprises the following steps in
the sequence set forth: (a) mixing the treatable material and a

4

noxious component (chloride and/or sulfur) removal agent to form a
mixture, the noxious removal agent containing an alkali metal

20 compound; and (b) heating the mixture to thermally decompose the
treatable material to generate a noxious component (chlorine and/or
sulfur)-containing substance and cause the noxious component-
containing substance to contact and react with the noxious
component removal agent to form a harmless compound.

25 Examples of the harmful component (chlorine and/or
sulfur) removal agent to be used in the above noxious component
removal process are:

(1) alkali metal hydrogen carbonate, alkali metal
carbonate and the like, such as sodium hydrogen carbonate

30 (NéHCOs), sodium carbonate (Na,CO,), sodium sesqui carbonate
(Na,CO; » NaHCO; » 2H,0), and natural soda (containing Na,CO, *
NaHCO,;  2H,0);



m_xture, the noxious renoval agent containing an alkali nmetal 20 conpound,;
and (b) heating the mxture to thermally deconpose the treatabl e
material to generate a noxi ous conponent (chlorine and/or

sul fur)-contai ning substance and cause the noxi ous conponent -

cont ai ni ng substance to contact and reacg mnth t he noxi ous conponent
renoval agent to forma harnl ess conpoun 1 Exanpl es of the
har nf ul component (chl orine and/or sulfur) renoval agent to be used in

th b [ ' .. (1
alkali motal hydrogen @ir B S gBl & SRR, sodioum, Bydroridd | e
such as sodi unWa@I—ngrntaasihmahydﬁﬁnd&laﬂf@Iﬁ; r]jth;unndhy@tmmiebdbﬂﬂH)

Na { H
i N R e BB AP il 11
NaHCO err] [err] 2H[er631)@1ka]1 metal carbonate an alka_‘(lzyn%ﬂ ahydregex

i um by S x.’%%?@g PO 85 BB .S&‘&] NSrox.nﬁ@t?Q%%@ 1 oRtiif <

hydr oxi de (Cs carbonate 03), abrapptagsigm cﬁ@dwﬂat@rbmaﬁﬁ kal i
met al hydrogenaﬂﬁ such as potassium car bonat e (K[err]CCIerr])
pot assi um 8ro onat (KH er rl ﬁ %ot assi um sodd

car bonat e (KNaCCI ér‘P} hé above-listed compaynds axe

under st ood t ha&sé&%ﬁél?V@r |1h5é(ﬁﬂbﬁﬁs[ﬁ?&il%st]§’é @oxious ld:%ﬁfbcﬁidi!ﬂ' Yexibval

conbi natign as the n S con%)o(fen%hrermval 10 ag’ent | n ot air wor ds, the
noxi ous cd :&p n%gﬁntre gthey, grerds, the noxioys gemponent,removal agent

hygr ogendcar bﬁcmgitam§oait Uleast oneabﬁomdﬁam shydmgaes?nbonﬁmb,ormhaumat ur al
soda, sodi um oxl otas m | .U r.gxl ,
r ubi di um hydr d pgaate ‘soliz 565 o SR ﬁ%‘."%.ﬂ%.saggl( S Q‘E@f%@

carbonate, 15 pqiaSannurhydad»m@@,n lithinom athy drexidep o rabidinm s dgidroxide

carbonat e, b@ﬁ)t Ngnd' EEsium hydroxide (CsOH), potassium carbonate,
15 potassium hydrogen carbonate, and potassium sodium carbonate,
and the like.

The noxious component removal agent to be used in the
form of mass, plate, porous body, particle (including power, granule,
or mixture of powder and granule), solution (aqueous solution, or

20 other solutions), or suspension. These forms are used singly or in
combination. .

The amount of the noxious component removal agent to be
used is usually within a range of from 0.05 to 10 % by weight relative
to the treatable material at a starting time which is before a time at

25 which the treatable material is mixed with the noxious component
removal agent. However, in case the treatable material including
substances or compounds containing a large amount of chlorine
component, such as polyvinyl chloride, polyvinylidene chloride,
other chlorine-containing synthetic resins and/or chlorine-

30 containing rubbers, the amount of the noxious component removal
agent to be used is within a range of from 10 to 17 % weight relative
to the treatable material at the starting time. The amount of the
noxious component removal agent may be selected to be larger than



The noxi ous conmponent renoval agent to be used in the form of nass,

pl ate, porous body, particle (including power, granule, or m xture of
powder and granul e), solution (aqueous solution, or 20 other solutions),
or- suspension. These forns are used singly or in conbi nat i on.

The anmount of the noxious conponent renoyal agent to be used is
usually within a range of fromO0.05 to 105% by weight relative to the
treatable material at a starting tinme which is before a time at 25 which
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noxi ous conporidateriakdtherwise, thpcamonmtinf thesaoxiouaicomponentnegeovsdl f r om

10 to 17 ‘szeia@éhtrﬁbgtﬁé/%elected_tte dudifpries8 ahaPeRidReR bRels femrgﬁé%”i ng
time. The anount of .the Toxmus .cogponent renoval agent. may be

sel ected to b&OPLAFEREEAsAS below permissible emission standards. Also in case 12

the cheni cal Qﬁ@lt\rélbﬁﬁ‘ﬂle?ﬁﬁaﬁéﬁﬂﬁh@h&@éxﬂbﬁhﬁ@eéUpééﬁ?‘éﬁn‘ars Datalding
subst ance or %ﬁi cont ai ni ng ghl I ne) F&gonerate fromthe érﬁat abl e

mat eri al upon he&t&H FRITYL 4| HICOMROnLRL, Hhe pmopat; pk thgppexious
material . O heowipoherittis seleutod sbmilaty totheabogenponent renoval 5 agent
may be se ss.the em ssion, | evel s, of chl.orine-

ted t .
cont ai ni ngsgages gefg\%&{ngm"s‘)ﬁsb‘F‘gnBﬂ?%? SAMOVa], 23Rt is Apxed with dhe
the treatabl e tredtablel matdrialesasdbdemteds air aorthermdd alvebaipisition a

| ar ge anount c t e t t nexi Qu conponent
is selected s?%nmli);é#%gﬁfeo%% ago(‘;lé&ﬂlgm ' 1300 h¢henf‘no§i g?%’ O&¥gEhent
renoval agent concentrationi abmiolsphere. In rodhenbverdstmixialg efidthbentsdust a
t hermal deco 1 t ' - 0 rr]Cin a
| ow oxygen . COmRoHRRt remoy I HBLE e Bl Id ARENR 1O it eREE] L
noxi ous 15 beapne dor r thermallygdecomnesinge the etreabableranateraal,i ennde
before before the temperature of the treatable material rises to a level at
which the thermal decomposition of the treatable material occurs. At
the decomposition temperature, chlorine compounds, sulfur
compounds and substances containing chlorine and/or sulfur are

20 thermally decomposed. The low oxygen concentration atmosphere

means an atmosphere in which the concentration of oxygen is low,
which can be accomplished by closing the inlet and outlet of a
thermal treatment furnace or tank such as a heating furnace, upon
casting the mixture of the treatable material and the noxious
25 component removal agent into the furnace. It will be understood that
the low oxygen concentration atmosphere corresponds to a condition
in which atmospheric air remains within the furnace whose inlet
and outlet have been closed. In other words, the low oxygen
concentration atmosphere corresponds to a condition in which the
30 mixture is put in the furnace which is substantially sealed so as to
prevent fresh air from being supplied into the furnace, in which a
pressure in the furnace leaks out of the furnace. Accordingly, the low
oxygen concentration atmosphere does not require a complete



1% heating for thermally deconposing the treatable material, i.e.,
before the tenperature of the treatable material rises to a |evel at
whi ch the thermal deconposition of the treatable material occurs. At

t he deconposition tenperature, chlorine conpounds, sulfur conmpounds
and substances containing chlorine and/or sul fur are 20 thermally
deconposed. The | ow oxygen concentrati on gtnnsphere nmeans an

at nosphere in mhich t he concentration of oxygen is |ow, whi ch can be

acconpl i shed closin he inl gt utt et of t at nment
furngge or tan ?ﬂil@nmég %glt?ﬁe oﬁ}}%g%xénaq?p%xad 1nc1udéeg ﬂ& f%él‘rﬁ% ure of
the treatabl e imatwerichl thamcmde]a)fnﬂxe dndet26f thenfiommce ischoseld agéhtthet o t he
furnace. It wy] th [l on

at nosphere corérrg %’lgqg%&& It o‘r’thJCh gaé ﬁ#s%ﬁ%ﬁﬁ%@%ﬂ@ gﬁgﬁécer emai ns
within the f urmsaxaesad\usder rhaattmg so thati suppleof avErobethe duztsnh of theot her
words, theglo t | p

condi 11 0n P wiiERe s hapdly 3READ. TADIRR, SIBGE SShELREON SliGebhert
substantially meanwagbeamal&ecompqgmo@r&tmqsableraun which the txeatabls i ed
into the furnaﬁﬁtehﬁl""ﬁi&ﬁnéﬂ decOmPDILS €1 NgbRbrdtdl %C@a]l&f‘kﬁére f the

furnace. Accordingly | o conce oes not
require a Conp(fe@oglposnlon gas of the treagaetﬁe materQai a’Hl aaemfow gxygen

cl osing or sealgn@n$iadicn OEtmbspEw@@&oﬁﬂJussl UHes cﬁhﬁ@la%uﬁpnéfttw
in which t e Sldepacg the inlet of the furnace is closed with t

treat abl e 1fat &F ledupterial, which a gas pressure within the furnace
is rai sed under heati rig will bbaindurstdod ﬂiaiﬁt}re ﬁbﬂmuhfmnmﬁﬁexﬂﬁraﬁoirﬂb 5

f har dl I t t
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tpe[ Ezl L?/eg?;grmmedmmmﬁlatmmbbmmaéﬁdiamﬂie furnaadaedihmmgiom gas
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It will bd5Sundéesmistiitehaf thad:raat@hlasm@mﬁupahand themvatious conzemeni s
basi cal ly m xed yiddi atgté‘ﬁttzheﬂfeaﬂrﬁa@:[ erial upon being cast

As a result of the above heating in the low oxygen

concentration atmosphere, substantially no gas component of

chlorine-containing compounds (compounds containing chlorine)
20 and/or sulfur-containing compounds (compounds containing sulfur)

remain in emitted gas from the furnace, and therefore a post-

treatment (such as a heating treatment or secondary burning) for

the emitted gas can be made as occasion demands. It is a matter of

course that the emitted gas may be discharged to the atmospheric
25 air asitis.

While the noxious component removal agent has been
described as being mixed with the treatable material before heating
or thermal decomposition of the treatable material, it will be
understood that noxious component removal agent may be also

30 effective for removing chlorine even upon contacting with dry
distillation gas or emitted gas (gas generated under dry distillation
of the treatable material) discharged from the furnace after heating
or thermal decomposition of the treatable material. It will be also



or. sprayed onto the treatable material in the furnace. The noxi ous
conponent renoval agent may be additionally cast or sprayed onto 15 the

m xture of the treatable material and the noxi ous conmponent renoval
agent in the furnace. As a result of the above heating in the
| ow oxygen concentration atrmsphere1 substantially no gas conponent of
chl ori ne-cont ai ni ng conpounds (conmpounds %ontaining chlorine) 20 and/or -
sul fur-contai ni ng conpounds (conpounds contai ni ng sul fur) remain in

emtted gas fr trrent such as
"a heating treéﬁ%ﬁg %@%gﬁlc’fg g’f‘)‘hlrlg %ﬁﬁﬁ%&tpggﬁmv% I%ﬁ# %’an be
made as occas |supp&uadamaprayed gnbo the treatable materialr which is thelr-malim t ed
gas may be di gﬁgﬁg h Lvﬁpz

Wil e the nox?%gs eirql‘?% enova %e ﬁasaﬂgfreé’ﬁté& ﬂh?é;stcl:lre %e’(‘]mélg bei ng
m xed with th@ommme;ﬁl x@nmas'lra%ntwpgx dingetet thegpresent dnvertdopmay be

deconposi tgon d&edtfbebé rb%hgﬁk enfRL6h a%'t with c‘!ﬁlbhx%econtmnﬂ:{kd@ﬁﬁét%%et hat
noxi ous conpo a@&:ﬁﬁf agent my al so 30 fective renovi ng

chlorine even F?IH@J-RHQ’\ supsfance which jgneafip oAngasteyr ot t ed
gas (gas genem&&&ya&ﬁpoﬁém déxmovhi ﬁi‘ddé@s other ﬂiaﬁ Bi‘e b{»&%@%@dﬁhgr i al)
di schar ged fr e furnace af 0 her pral conp I on of
the treatable Pn#‘@r?%ﬂsen lmV\P?{mBe A éhf 8urpose 0 removmg chforind from
14 unde mpikdgs ghgbrtdmaneﬁabusnfaﬁmgemoﬁﬁémval material may be
3upp| i ed ﬂ@ sprayed onto t’he ﬁﬁ %atlggl a‘HH _ whi Chol s thermal | or
econposi Furt her morE® i? WY © | Qaetlmf’tl 5 LORBIRI
conponent r enchidringeemaval gcess hecdrdingteshetpresent inventioy widl be used
Sul Tur-contai Aoty 18 it mibsdupil e THEAb ols Ry BELAY G chlorind™ '
conmponent rerrmemovpilo@wst @Dnmmlshaﬂta]hanpt@hémdragmmmhnhgnate and/orrhe
preset | uenelgRs el Eaigis? i, (711680 il St Mol gl 005
of the nol® ousarhenatiee (N 8 0y, sodium carbonate (Na,CO,), sodium sesqui
carbonate (Na,CO; *« NaHCO; * 2H,0), natural soda (containing
Na,CO; * NaHCO; * 2H,0).
In this instance, sodium hydrogen carbonate WaHCO,) is
used as the chlorine removal agent, in which the sodium hydrogen
20 carbonate is mixed with the treatable material and heated thereby
bringing about the following reaction with hydrogen chloride (HCl)
which is a major chlorine-containing compound contained in gases
generated from the treatable material upon heating.
NaHCO; + HC1 ~ NaCl + H,0 + CO,
25 According to this reaction, if Na and CO components exist
in the reaction system, chlorine reacts with Na to form NaCl which is
a part of a residue formed upon heating the treatable material, and
additionally water (H,0) and gas (CO,) are formed. As a result, no
chlorine-containing gas is generated and emitted from the furnace,
30 realizing that the emitted gas and the residue are rendered harmless.
It will be understood that chlorine-containing compound or gas is a
source for producing dioxin which is virulently poisonous.



chl orine renoval -process according to the present invention wll be

di scussed. In this enbodi nent, the noxious conponent or chlorine

renoval agent contains al kali netal hydrogen carbonate and/ or al kal i
net al carbonate, i.e., at |east one of sodi um hydrogen 15 carbonate
(NaHCJ err]), sodium carbonate (Na[err] err]), sodium sesqui

carbonate (Na[err]CJerr] NaHCJerr] 2Herr]O, natural soda (containing
Na[err] CJ err] NaHCO err] 2H err]O. In this instance,
sodi um hydr.ogen carbongf e ] chl grJ enoval
agent, in which the so %ﬁ?%&%@ gﬂé ﬁfesé}% 68H8 g%ﬁéﬁnléggto i ﬁi%zﬁ'ﬁaf

treat abl e nmat etreatmand iseppded merthbyareatablb rhatemigl epataining Chlnmnw ng

reaction wt h fvﬂgﬁ il

chl ori ne-cont a| nin (Hgnpghnc# contaln c] I n eg(gggib chl enJgregit;eéu?go%%t he
treatabl e mat eupen ghealkahigmetal carbonate and/pp irpptal hygrogemac +
Herr] O + gJ &dinodate are added%(‘aef@idiﬁea Quith! the rt?é’é?ﬂdb‘l?é‘ méiferi\ﬁ a@waleCO

corrponents -exi st t he react on sy tem C rlne reacts Wlt tO
form Nad whi c¢plpxine remavalauagem erehy ﬁ\é atpg bls

treatabl e mat epiduredffithe lowaéi@g‘ehoaﬁidehtf@ﬁeﬁ a(tﬂicﬁjdh]e@ ﬁi@cﬁl’c&xﬁéﬂ err])

are fornmed. As a resu nt ai n| as 1Is nera and
emtted from t?@tﬁéﬁ%ﬁug%ncﬁe‘élﬁ%ﬁrﬁbﬂgh C?Wé’(’é R Rped g

residue are r %@ﬁ@p@ﬁth@é nfleseby generbting harbeful miﬂomhm%bﬂtbﬁhmg gas

\(/:\E: gL' Ing i ruﬁtﬁi aﬁ)ound Orngg ga's 1mmed1atei39urre%8tsf %ﬂ? t?le ghlogn:g' oxi n

15 remoMcmgehu@us)tdfwnphasmiess chlemideon, prior to a thernal

treatment is applied t at I [ | Joi oL Ner
cont ai ni ng subst ance Vﬁe&%ﬁa&'{qﬁ" &R)erarg%g%lfg%ltg\%&&mr#aﬁl ?lgégéﬁsl%%ne upon
heating, al kaltermeval pmebsmcw(hng/forﬂns leahbodiment wyldrhegdiscuSsedirionat e

are added {0 agdy reg&ﬂpw&s% iRl ?ﬁh@ﬂk@ f%hfﬂis%aﬁﬁ Het&een Exeﬁﬁh?éé ne

removal agent Srm Lhe X in the

| ow oxygeﬁscor{@emmhngotp dhi grnbedimenid endoﬂpnmaratlve &oranaplasn gnot
substance is tQfhiRIthe s@gﬁgrygqﬁg%r@geﬁt ARERIGHM ned tenperature

t her eby generating har EIT | ori ne-containi ng gas.

The chlorine removal process of this embodiment was

carried out by using ,as the treatable material, polyvinylidene

20 chloride which contained a large amount of chlorine components. As
shown in Table 1, 20 g of the chlorine removal agent (sodium
hydrogen carbonate) was added to 4 g of the treatable material to
form a mixture to be heated, in Example 1-1. No chlorine removal
agent was added to 4g of the treatable material in Comparative

25 Example 1-1. A chlorine removal agent (slaked or hydrated lime)
which was not within the scope of the present invention was add in

an amount of 20 g to 4 g of the treatable material to form a mixture

to be heated, in Comparative Example 1-2. A chlorine removable
agent (calcium carbonate) which was not within the scope of the

30 present invention was added in an amount of 20 g to 4 g of the
treatable material to form a mixture to be heated, in Comparative
Example 1-3. The chlorine removal agent was in the form of powder



1Q Thi.s chlorine-containing gas i mediately reacts with the chlorine

renoval agent thus to form harn ess chloride. Herei nafter,
experinments for carrying out the chlorine renoval process according to
this enbodi ment will be discussed, in whi ch conparison in experinental
result is nmade between Exanpl es 15 (acciédi ng to this enbodi ment) and
Conpar ati ve Exanpl es (not within the“scope of the present invention).
Experinment 1 The chlorine renoval process of this enbodi ment
was carri out _hy ' fhe e e terial | yyvinylidene 20
chl ori de whi cﬁ%‘g‘ﬁgaflﬁeﬁy%lq%r igj%%u ﬁ{zreosf ?%:Oor’gﬁlé %%&Lr@?ﬁ%‘.’ieéndd

shown i n Tabl ECampagativefExdampi¢d.ori ne renoval agent (sodi um hydr ogen

bonat dded t : - b ot
mixture tb be hoat ed, ViafednScieiclly) SRR Lo dhieklcYor Gheh Bxabiif |
added to 4g ofComparataedbrxample.ct ig0f the treatable materml waspptdnto o A
chlorine rsmtvtﬁheakaefffﬁrﬁééé}kﬂd hehYsH 3 %tﬁlﬂa Bhlorine retfbeAl &%?‘m‘r;fgias"“t thin

t he scope of present. 1 nventi.on was a . an anount gto4dg
of the treat afddadhtepnd mixed grth sheitxeatable materinlja thetark tp form

Conpar at i ve Ex@niiovi-menticildPidiRfures SR¥SH for Comg%ﬂﬁﬁtve(]@ﬁéﬁbwénl-l.
added n an"andRe. the Sank vas Hightly Seated So thatdhe sfidanhe tank RS of m o
mxture to be iE@l&;téﬁﬁrgifﬁ %t@idevair or athicdpblegiclair id edeh|thak e enoval
Toc™ " 1lvi meSute p gEhirted: o dr stilatinn unn heating Theds ¢ and
Conpar ative BExespddstank was stepwise Hwated peithf iac dldating reoflheine xpleichnent
wes put o deatlly was AT MO [APE St S of 2601 K5 BRD ke Ve ™
agent was 356 € dt Q0o "G b G D O, 15 50N €, 1608 Ca Tt him heatinig procebs, t ank
19,107 S R LPRREH O i AR PR FEIR BREAT °,.
15 which a concentration of hydrogen chloride gas in the tank was
measured at each temperature rising time (at which the
temperature was rising from one temperature step to the next
temperature step) and at each temperature keeping time (at which
the temperature at each temperature step was keeping). The
20 temperature rising time is indicated as “Rising time” while the
temperature keeping time is indicated as “Keeping time” in Table 3.
The tank was provided with a gas discharge pipe through which gas
and pressure generated in the tank upon heating was discharged out
of the tank. The measurement of the hydrogen chloride gas
25 concentration was accomplished by using a detector tube according
to JIS (Japanese Industrial Standard) — K0804, in which the
detector tube was inserted into the gas discharge pipe to measure
the hydrogen chloride gas concentration. Results of the hydrogen
chloride gas concentration measurement were shown in Table. 3. It
30 isto be noted that ten times of the above experiment were repeated
to obtain ten actual measured values of the hydrogen gas
concentration for each Example and Comparative Example, in which
the measured value (shown in Table 3) for each Example indicates



I solated fromthe outside air or atnospheric air in order that the 10

m xture was subjected to dry distillation upon heating. The thus

seal ed tank was stepw se heated with a heating coil, in which heat i ng
was nmade at eight tenperature steps of 250 [err]C, 300 [err]C, 350
[err]C, 400 [err]C, 450 C, 500 [err]C, 5§9 [err]C, 600 C. In this heating
process, the tenperature at each of 'the eight steps was kept for 5
mnutes, in 15 which a concentration of hydrogen chloride gas in the tank

e er s SO UG RIS PR Rl i vl

t enper at ure st(sh))mdna’tl‘abhzﬁ)tﬁnpendt lﬂampamptmg Exampletindicaties the the

B R ML A

keeping tine iindicatiesdhedfaat thakapi gem'chloridelglas Was detecte'duentaar}k was
provi ded wigt h qgﬁh% | o%ggt

gener at ed |n t(fatfeg?;thl%bé gg@l(ﬂgoﬁlgg sc%ééieiéggétl meaéiﬂ%nﬂ%]e tank The
measur ement ofoltgan Hagr ey actwalomegsuged vadues.oRasiheraimannass; oA@ostpl i shed
by using a detﬁ‘éh%eh‘ﬂ?@r @Hé‘éhﬁir‘ﬂﬂe removial agbrt W@%@ﬁ@cﬂé&%& sh8wn

St andard) - K080 n whi det ect Oor. t ube _was |g Into the
gas di scharge 3| qto rﬁﬁﬁ@@% or chloripe pomoxabagent’gn Ga g‘a concent ration.

Resul ts of the hydr ogelxperimeiit! @ri de gas concentration neasurenent were
shown in T : 0 |sto.beno d that.ten times of the abqve
exper i ment1 re repeat]édthls eXPERReRt,| ﬁ %@%ﬁtatﬁﬁ@im%pwq}‘éa\ﬁﬁ t he
hydrogen gas mixingopelgwinylidene t:bloraiae:haﬂxarmhmlawﬂ Craslnimbrder thatml e,
nnieh,  CoERSHCH RS S0 3RILY FReRalka AP B oo

I ndi cat es
val ue in the nedenrtecaraywed thie éxpdrivnemtamdeda fatrther sever(as:bnﬂanon Tabl e

:rft)aafs(tj: ega\clgl ue‘gpggglc,fn\tll onaﬁgjﬁ 65%]@@58&%?3 &%ggen cah?rYFaastte a‘?gé lét %ct t hat .
no hydrogdh ciher chlorize mov:@t egent! tonthetrestabde matemalasvvhm oA
211 95 AR SRSV il ftdend Uk 1 307 8o
simulated trash thereby to form the mixture to be heated, in
Example 1-2. Sodium hydrogen carbonate in an amount of 2.5 g was
added as the chlorine removal agent to the treatable material which
20 was prepared by mixing 0.5 g of polyvinylidene chloride to 20 g of the
simulated trash thereby forming the mixture to be heated, in
Example 1-3. Sodium hydrogen carbonate in an amount of 0.5 g was
added as the chlorine removal agent to the treatable material which
was prepared by mixing 0.1 g of polyvinylidene chloride to 20 g of the
25 simulated trash thereby forming the mixture to be heated, in
Example 1-4. Sodium hydrogen carbonate in an amount of 5 g was
added as the chlorine removal agent to the treatable material which
was prepared by mixing 20 cc of city water to 20 g of the simulated
trash thereby forming the mixture to be heated, in Example 1-5.
30 The above simulated trash similar to standard urban
trash was prepared by mixing and crushing the following
components:



treatnment for the chlorine renoval agent were inspected and shown as
"Post-treatnent for chlorine renoval agent” in Table 3.

Experinment 2 10 In this experinment, the treatable material was
prepared by m xi ng pol yvinylidene chloride with a sinulated trash in
order that the treatable materi al vv? simlar to standard urban trash
and in order to carry out the experi'fent under a further severe

condi tion. As shown in Table 2, 5g of sodium hydrogen carbonate was
added as 15 the chlo epoval to,th tre e nm al, whi ch was
prepared by mixing 1 &}(gf %o vﬁﬁ?lg%ger?g C,IH' ?‘fb’a‘ﬁe Qﬂtl ﬂg'lene,

simul ated t ras;inlypmmdpntappblyrsmm mﬂtpmlyviny]hbeﬂedibd:,de n Exanpl e

1-2. Sodi um hydr ogen t 215 S added as the
chlorine removal agent ?ﬁi ‘P’F%&ﬁ Bfé’ eﬁc&vdﬁﬂ’ﬁgﬁ%a% PERELHPEYS ed by
m xing 0.5 g qiaygs:, ym'am)hngmetrhpapeldbox,oandmm packing for shrink;at ed trash
thereby fogm ng the mﬁ%%%l&ﬁ?%ﬁ@kﬁﬂlﬂb&dlngra?é le 1-3. Sodium

hydr ogen carbonate in an a as _the chlorine
removal agent to the tHb%ﬁbﬁweelsht@fgar age wcluding uasdpe@ﬂﬁam by ni xi ng

0.1 g of polyvinylide her eby
formng the mxture tgﬁbﬂi%]é’i;%é&gnfeﬁt%grgaegﬁﬂﬁ?éﬁa tgbrﬂéiogﬂe h%&n
carbonate in Avedebermingd ampyptsof the fersa‘éablasmah@nahwms ﬁ@trlﬁl‘i@v@e agent
to the treat alRl@ kel 'tﬁén"‘t"h'ecﬁfbove-méfﬁioﬁt? ?é&&e?ﬁnﬁb&'a&ﬁoﬁﬂt(iﬁ' e City

water to e siml the e mxture to be
heat ed, ﬁg zfg’éP’@nf reme agent was a‘ﬁiﬁg g f&’f%@?%?ﬁﬁ ar to
st andard ur bamaterial irafhe vé@sk po s ¢he hbo%ommuaﬁddmmhwqmm the! | owi ng
conponent s:

20 % by wei ghtt3BK Fiasstightly, clasgd,tp ﬁ‘bﬁ‘%ﬂﬂ/la@néu'ught ?ﬁfﬁyfﬂ ibot dhe

pol ystyrene, dndideothe/tanyk maensotdtedrfrold; the outside air or abiflo8phyriseiight of
Pnd paper . packGeATEE, Rt bxofiifent wad WSheg RIPRIMABIPHG, ¢BRP S0 "
i ncl udi ng1bag Eiqm:t‘lment 1 to obtain results (or measured values) shown in Table
8. Results (or measured values) of the hydrogen chloride gas
concentration measurement were shown in Table 3.
As appreciated from the above, it has been revealed that
the hydrogen carbonate or carbonate containing an alkali metal,
20 serving as the chlorine removal agent, can convert noxious
chlorine-containing gas into harmless chloride under a reaction in
which the alkali metal reacts with chlorine to form chloride of alkali
metal. A preliminary test (Comparative Example 1-1) was conducted
in which polyvinylidene chloride containing a large amount of
25 chlorine component was used as the treatable material. As a result
of this test, it was confirmed that a large amount of hydrogen
chloride was generated as shown in the column of Comparative
Example 1-1 in Table 3.
Subsequently, comparative tests (Comparative Examples
30 1-2 and 1-3) were conducted in which slaked lime and calcium
carbonate were respectively used as the conventional chlorine
removal agents. As a result, generation of hydrogen chloride could be
suppressed to some extent; however, it was confirmed that such a



1Q % by wei ght of garbage including used tea | eaves. In the
experinent for each Exanple, the above-nentioned predet er m ned anount
of the treatable material was put into the tank, and then the

above- nenti oned predeterm ned amount of the 10 chlorine renoval agent was
added to and m xed wth the treatable material in the tank to formthe
above-nentioned m xture. Then, the 1890k was tightly closed to maintain
an air-tight seal so that the i nside the tank was isolated fromthe

tside air or atnospheri I I Ther eaf,t er e .e was, carri ed
o e | T e RaRIon e Bye 4p, the o S G RE rROF B afBRte e oy
Vﬁ: ue.szj shown Was"fmhlsafﬁ?lent&nd?waslx‘equimd tmbsﬁnﬂﬂherain;ﬁ:?egf t he hydrogen

ori de gas congent.r o) n a

z\s appr ecigat ed fromt %%J & %% ;ghg’%h 8a|r§waﬁfq A?ﬁ'és,y h(}fdr ogen
car bonate or cinwlestigaﬁoneramd nongdenatibna,l therm@ntoﬁ)hadepmdwgtmntidm

hli I o [ as
chiorine @OVl 18ffen CAMGRILLLA MkhBHALe contdiliRs AEROALTAM 0

into harnl €ss ¢ reaction
reacts with creede¢ted somlmm hydnogen d@rhnmad;bm the chlorine abmoxapragentj nary

test (Qonparatiye cExanpled thutd (us gpe%dgcltﬁﬂ}-sg As'd'rdUUIE Bf PRE YYSAY 14 done

chl ori de contal ni ng arge | ne conponent
the treatabl e g depn revepled (thay generatiozy of hydnogen, C}ll]torlaﬁﬁs C@BH |bﬂmd

that a |arge araerhlls fc&MﬁIé%ﬁPf‘ suppre§§é'doét %Wﬁ@?&fﬂ&?eﬁ%n%h%ﬂa in the

col um of 119) ratlve in
Subsequent! 50 @@mda QY%%&Q @Wﬁﬁ%vmmﬁe@b%m ¢Harines) were
conducted in wenedvalagead. | i ne and cal ci um car bonate were respectively
used as the conventlo ori,ne enpval nts. As,a result,
generation of hydr ogeEﬁWﬁ‘ %ed%b@&ﬁqyegls tRatst gggéﬁrPBn?g?@M%nt ;
however, it waarbonhte ?ml:z«ﬁhmg alledli ?etal (to be able to rﬁ?ct with chlonde)
19 suppr. i t 0 e. gQnvent i Qr,i agents
was not suf 11 AP anESAR hETreatihih BdtesidldB ARh MR s $iea B SBIRYRa
I n vi ew ofl5t heoathey ¢hexrnah treatrmhentyf chloviave-eintaniing gas generated from

the treatable material can effectively dechlorinated and become

harmless.
Hei‘einafter, discussion will be made depending upon the
above experimental results shown in Table 3.

20 First in case that polyvinylidene chloride was used as the
treatable material containing a large amount of chlorine component
and that no chlorine removal agent was used as shown in
Comparative Example 1-1, a large amount of hydrogen chloride gas
was generated throughout a wide temperature region in the thermal

25 treatment or heating process. Generation of hydrogen chloride gas
could be suppressed to some extent as compared with Comparative
Example 1-1, in Comparative Examples 1-2 and 1-3 where slaked
lime and calcium carbonate were added as the chlorine removal
agent to the treatable material, respectively. However, it was

30 confirmed that such suppression for hydrogen chloride gas was
insufficient.

In contrast, in Example 1-1 where sodium hydrogen
carbonate was added as the chlorine removal agent to the treatable



I pvesti-gati ons and consi derations, the inventors had paid attention 5 to

hydr ogen carbonate and carbonate containing al kali netal and sel ected
sodi um hydrogen carbonate as the chlorine renoval agent, and conduct ed
tests (Exanples 1-1 to 1-5). As a result of the tests, it has been
reveal ed that generation of hydrogen chlgbide coul d be general ly

conpl etely suppressed at any tenperature©Fegions, and 10 that sodi um

hydr ogen carbonate was very excellent as the chlorine renoval agent.

contai ni ng.al KRREEr Ao ERRbratiaR cRASRER SRR AATpRM be adBERLTLC,

t6 the treat ambeougheuta etwhole hemperatureuragions in thebheating fifocess, t he

th | t t r‘&'e%
trggg‘;bl errergt erla can edf%]gtgltca?\r)tet?bng &h or |]:ﬁ'?{}gé ga%ﬁeé(ﬁ)g% Wa§ rfer{ym ess.
Herei nafter, di%sellest ofoxwithe B qm xrapeviali rage@iﬂiorAd&Jé:mnally,alaM in

experi ment gl "Ez?"ﬁ%noiesghp‘ﬁn 1 %ﬁel% where vanous zrxﬁbﬁﬁ% s | 6F GRdGuAt

pol yvi nyl i denei1 ride was use treatab mat_er1 al” contai ni ng
a | arge amount BﬁﬁogﬁP&thenéMGﬁ@ﬁﬂded as thechlprneremovalragantrtortieal

agent was Elseetraataqﬂemm@tenal %ﬁﬁgﬁgggﬁtﬁéah@ﬁuh&d aﬂtrﬁéﬂe ANt of
ydrogen chlori ner at e r.ou w de tenperature
region in the pcqigﬂ%dflﬁldﬁle Fﬁ@&’c‘ﬂ%np%ﬁeﬁééﬁlﬂﬁ ﬂf:h%&@ge pleloxides gas
hydrogen chl ordoddd deSdetected thitshglinauihy /dvdsl témpestuxieibndsn Gogpar ed
wi th Conp Exanple 1-1, in Conparative Exanples 1-2 and 1-3

Egat |ﬁ/e
wher e sl ak&d eatn}g%océﬁ.?& cal ci um carbonate were added as the chlorine
renoval - agent t o InheaserefaEringledt-5widre scﬂhnﬁshlyvﬂ@bgen cavisoieite it was

20,2711 e A8t o REEIARE o RIS ISt B
hydr ogen coatwmagd:hnasm‘dhﬂzddda'ash eanxh Imﬁeme gereratadn adfdngddogenhe
;reﬁ(; ZP ! gn of El%rrlgeeﬁag hlcglrl}%ehagdslyco% dd%tee c‘c;iee(% e%lfreoal g%%ut the %8“1” Al no
15 temperature regions alghough a slight amount of hydrogen chloride
gas was detected to be generated at the temperature rising and
keeping times at 450 C and at the temperature rising time at
500 °C . This demonstrates that the effect of sodium hydrogen
carbonate as the chlorine removal agent could hardly be affected in
20 presence of water in the treatable material, and considerably high as
compared with Comparative Example 1-2 where slaked lime was
used as the chlorine removal agent.
In conclusion, it has been confirmed that addition of
hydrogen carbonate and/or carbonate containing alkali metal (to be
25 able to react with chloride) to the treatable material in the thermal
treatment or heating process can effectively accomplish

OH

dechlorination of chlorine-containing gas generated from the
treatable material thereby causing the chlorine-containing gas to
become harmless. ,

30 It is to be noted that experiments similar to the above were
conducted heating the treatable material at a higher temperature
condition over 600 “C, which exhibited similar experimental results
to the above. The temperature for heating the mixture of the



t hr oughout the whol e tenperature regions in the heating process,
denonstrating that the sodi um hydrogen carbonate was very excel | ent
for the chloride renoval agent. Additionally, also in 5 Exanples 1-3, 1-4
and 1-5 where various anounts of sodium hydr ogen car bonate were added
as the chlorine renoval agent to the treatable material containing the
sinmul ated trash and pol yvi nyl i dene ehiori de, no generation of hydrogen
chl ori de gas could be detect ed t hroughout the whol e tenperature
regions in th eat | oce -, n case .of l.e 1-5
wher e sodi um 2 & the ﬁh@%gﬁnﬁ%vabhﬁg%ﬁ oF i e ?%Yal
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hydr ogen car bonat¥exts diseussiomwilebe apade lonagpenhanismsl of xedtiiohe
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t enper at ut® for heati NaH GOt H dMaClhe H,O + CO,

21 In the presence of water in reaction between sodium
hydrogen carbonate and the treatable material which is to generate
hydrogen chloride, reaction is made according to the following
chemical equations:

20 NaHCO,; + H,0 — NaOH + H,0 + H,CO,
NaOH + H,CO, + HCl - NaCl + H,0 + CO,
(2) In case of using sodium carbonate as the chlorine
removal agent:
When sodium hydrogen carbonate Na,CO,) is added to the
25 treatable material which is to generate hydrogen chloride (HCI),
sodium hydrogen carbonate and hydrogen chloride as follows:
Na,CO; + 2HCl — 2NaCl + H,0 + CO,
(3) In case of using sodium sesqui carbonate as the
chlorine removal agent: |
30 Sodium sesqui carbonate is represented by a chemical
formula, Na,CO; « NaHCO; * 2H,0 and can react with hydrogen
chloride similarly to the cases of (1) and (2) thereby converting



treatable material and the chlorine renoval agent is preferably w thin
a range. of not higher than 1000 [err]C fromthe view point of the fact
that a facility for carrying out the chlorine renoval process of t he
pr.esent invention is required to be large-sized if the 5 tenperature is
rai sed over 1000 [err]C. xt, discussion will be nade on
mechani sns of reaction bet ween hydrggen carbonate or carbonate

contai ning al kali netal (sodium and chl ori ne-contai ni ng gas,

real i zi ng unexpected results .jn.which bath emtted nd, r.esi due are
made harm ess_ﬁ)%ous hy&mge(ll‘/'h]loﬁ“ieaé%v%o aagﬁﬁ%s §HL‘?’E|§‘? t{%sqgegoéé'ﬂ%nat e
as L he ( ci‘dgcsithe]a?bmmdm nagma]ly exists arl]s and callet()il\N‘tema’bdi ulm C\%dr ogen
carbonate (NaHCJ err 5 a o . t.he t. e _m i.a ich is to
gener at e hydrogen chl o]m %%e gﬁé’% ?xpeﬂm?&af tﬁé ﬁ%?}?gﬁevﬁa%;&ééﬂgpg
hydr ogen chl orafiler rthecheatinigoipirovess had been completediCTher residudCwas> Nadl
+ Herr]O . . . j [ tion
bet ween sodi umlﬁ{JEéteﬁytgrlgfgﬁcgg?bgﬁgﬁe& %&%%ﬁ;zggf]gg%%fg%ﬂh%ﬂégi%g% chis
to generate did mpdr coptainhnoxions, chloxiné-containinglcgas comjonprto ante
fol |l ow ng ' ' - . (N - > OH +
Herr]O + H erﬁoﬁ%g%ﬁ?afﬂwégé Hl5ridebr ﬁﬂad&ﬁfcﬂ%%eﬂre? fd‘igﬁés Izllg{faNaCI +
Herr] O + CO dnitp water and stirred for730 minyges inrwhintngpdivmn chlauradesma e as
the chlorine gissolv@d3%AvafidORhile carbonized mateﬁ%ﬁﬁﬁﬁié&?ﬂ%f% _
carbonat e (Na[ rr]@eérg) 'S aﬂtéed té’ t he 25 tr_‘ﬁatable materjal which is
to generafl hy‘%ﬁ@@ ¢habrthee carkenized mategdals, didh et gentain, sblerineand
hydr ogen chl ordofd¢afinE@dsPd¥mponent. Na[err]CJerr] + 2HO -> 2NaC
+ Herr]O + CJ err] ase of usi ngnaodl(g_m esqui
i

. 3) In
carbonate as the A¢nopdingly, é'h’%ﬂ&é\)le'é’ﬁg mgg compo Y
carbonate is roopipessriteih ke arefiible ahaterial éar b eonvéated ih€8sedidm
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156 therefore hydrogen chloride forming part of a source of dioxin cannot
be formed thereby realizing the unexpected result of making both
emitted gas and residue harmless. '
It will be appreciated that, in this embodiment, the
substance containing carbonate containing an alkali metal, such as
20 sodium carbonate, sodium hydrogen carbonate, sodium sesqui
carbonate, natural soda (Na,CO; * NaHCO, * 2H,0) is used as the
chlorine removal agent. Sodium carbonate can form monohydrate
compound and decahydrate compound and is known as soda. Sodium
sesqui carbonate naturally exists as trona.
25 As will be understood, in the heating process in which the
reactions according to the above chemical reactions are made, NaCl

ui

is formed. NaCl is a harmless chloride and can be effectively
removed under a rinsing or dissolving treatment with water or the
like. After the rinsing treatment, solid residual materials or
30 carbonized materials remain in the tank and reusable. Accordingly,
the residual materials can be separated into respective materials
which are different in characteristics by any separating means. The
separated respective materials are dried and massed to be usable as



22 : noxious- hydrogen chloride into harm ess chloride .(NaCl ). Sodi um

sesqui carbonate naturally exists as and called "trona". I n
t he above experinments, the residue was left in the tank after the
heati ng process had been conpleted. The residue was 5 subjected to

I nspection, upon which it was detected tggt t he residue di d not
cont ai n noxi ous chl ori ne-contai ning gas nponent and cont ai ned

har m ess chloride or sodium chloride. The residue was put |nto wat er
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hydr ogen carb ﬁ?%l‘m%%cﬁ E‘E%F €. Subsgmp Bﬂ drageriglgin the

(Naf er lr 1C er rﬂr%tedﬂ‘ﬁm:m taiken &H[ﬁb?i fBe w&téisﬂihlat&nﬂhhen are Siiﬂ]@gtdi‘p
renova nt odi um.car bagn n_form nono a conpoun
decahydraﬁ@ ccﬁ%ﬁ‘?fbt aigeﬁxaﬁ#l% tQ SgRaraigy %’ﬁfﬁr conteggm

natural |y exi shatadals. offhe #hus dehydratedAsolidl knatixerwislease odn'iedl laﬁd”le

heat i ' [ t | h I
Feact | ant. ar o HRdEntR it 4 hags, WhRACERARRECH theSrdidy ARICRRIUET, o
can be eff ect iseplyated wartenmo@dtenh@ee dramedlﬂugoughdamlawatﬁg draiingent

W th water of diPmeatmddiifeait! B will Bedrliirolthibli 3RuERAboR Sbhfbd RSl

materials or Carboni zed mater] als re he 't e reusab
Accor di ngll§, the udeen&mlcamberuwdsaeinelbwhskpm@gem nm@t&néEFi@ctlve

material s th%&ﬂieﬁieﬂ H 5S¢ be ibedas %‘i{n?e&izﬁ%' g.dseaﬁegkl ng
means. The iarateﬂlres e&tlve materi al s are nassed to be
usabl e as Further, as discussed above, the res1due can e separate mto
respective materials which are different in characteristics by any
separating means, upon which the separated respective materials
20 are dried and massed to be effectively used as fuel or the like.

Next, a second embodiment of the noxious component or

chlorine removal process according to the present invention will be
discussed. In this embodiment, the noxious component or chlorine
removal agent contains at least one alkali metal hydroxide, i.e., at
25 least one of sodium hydroxide (NaOH), potassium hydroxide (KOH),
lithium hydroxide (LiOH), rubidium hydroxide (RbOH), and cesium
hydroxide (CsOH).
As an instance, sodium hydroxide (NaOH) is used as the
chlorine removal agent, in which the sodium hydroxide is mixed with
30 the treatable material and heated thereby bringing about the
following reaction with hydrogen chloride (HCI) which is a major
chlorine-containing compound contained in gases generated from
the treatable material upon heating:



23 . fuel or the like. Additionally, liquid (such as water) used for

t he above rinsing treatnment hardly contains no noxi ous substances and
therefore can be discharged as it is to a river and the sea.

Mare specifically, the residue taken out fromthe tank 5 contains harnl ess

chloride or sodiumchloride (Nadl). In Oéaer to '~ extract the carbonized
materials, the residue is put into a wat t ank contai ni ng water, and
stirred for a predeterm ned tine thereby di ssol vi ng sodi um chl ori de.

Subsequently, solid eRhal, Spdq t \ater tank are taken out fromthe
wat er tank and then gﬁgag&gr:@tdgd_ﬁﬁaqg 2tentrifugal dehydration to
separate wat er cont entAdgoardingéo shis deaction,nhydrigenschibride heasctdekitdr at ed
solid materi al ning in
the water tanOSam ﬁéﬂf&a@qgéé%ﬂg@@ﬁi@m%@ﬁofc@%%@@?%&% flt B on
separ at e dr ai mesidue andawadter Ede@bnds meresult, no whidribe-cappaisdngtgas ishat

car bon congentidialds aHiFeliTHIATR gmrragéfm&ere%ﬁan?%ﬁmhmﬁ

|norgan| c cont nass cén as nateria S f or
gl ass and cenegas and the-gesidue ape randexed baradese It will ks vnderstaodre

separated int Ghat chlbﬁ%lé%‘dﬂt‘éﬁmﬂ&fm bﬁnmlcga@isea%ﬁireé%f prBducing
characteristi c(g rigghl W@ga@?’tl ngorrean V\g ‘i t he"separ ated
respective mat@P¥H ¥ 2| Ped RH ]H%S% ¢4%ctively used as
fuel or the like. According td\ethle e%@ﬁ@“ﬁn%mibii NRiHerPf at h@a'ﬂﬁfg ous
ovent ton 18 | (trgatment rléf%aﬁfeiée‘?ﬁ"thﬁrt%’%aefia et e FET S emponent
or chlorine contaﬂimgaéubgamicewhi(ﬂi reilbigeherste Ohh)rﬁhé@abntaiﬁmt gas
oo | Sttty AR o R AR Ay
and cesi um treﬁtairlemdeelﬁé‘k @sDthe chlorme _removalAagant |therd:r§c£ormddlejm
Sod um hyds oxrixtde; B hRAHNE this miktiadlil Bt 160 SupfiF hmoldbrliles” ' °
t her eby biBngiatmespheres hdhe chlovinesodntginiogt suhstdande hisir dhermablyori de
(LCL) S0, Lol t o SIS SA0, Ao BoE PNt et 0
harmful chlorme contammg gas. hlS chlonne -containing gas
immediately reacts with the chlorine removal agent thus to form
harmless chloride.

20 . Hereinafter, experiments for carrying out the chlorine
removal process according to this embodiment will be discussed, in
which comparison in experimental result is made between Examples
(according to this embodiment) and Comparative Examples (not
within the scope of the present invention).

25 The chlorine removal process of this experiment was
carried out by using ,as the treatable material, polyvinylidene
chloride which contained a large amount of chlorine components. As
shown in Table 4, 20 g of the chlorine removal agent (pulverized
sodium hydroxide) was added to 4 g of the treatable material to form

30 a mixture to be heated, in Example 2-1. The chlorine removal agent
(pulverized potassium hydroxide) in amount of 20 g was added to 4 g
of the treatable material to form a mixture to be heated, in Example
2-2. No chlorine removal agent was added to 1g and to 4g of the



24 . : NaOH + HOl -> Nad + Herr]O Accordi ng to

this reaction, hydrogen chloride reacts with sodi um hydroxide to form
sodiumchloride (Nad ) form ng part of the resi due and water
(H[err]O. As a result, no chlorine-containing gas is 5 generated and
emtted fromthe furnace, realizing that éhe emtted gas and the

resi due are rendered harmess. It will b&understood t hat

chl ori ne- cont ai ni ng conpound or gas is a source for producing di oxin
whi ch is virulent for ding to
e o event ' | ivahiahiR AEARE Aedhed iRl 2R Mimpaeative EuapridirL

treat abl e mat g-RalA chlurmm romovial agene(slaked mohydratedolimd)swhivhewstsi ch

hycr ot de 1 s ACHURIARF MRS CLRR Brosent HOBDETH 8 ool T | o

chl ori ne renowahs a@ded tohérgbf/‘ thertreatable materialt tor ﬁ)rnBya traxturﬁgtd) ihies
mxture ingt hqléa%\é’doﬂgg&gx%%%ﬁ% %éﬁﬂ)ﬁ%é -gat ﬁ@ 're abtle agent

chl ori ne- contalnl osed
pr edet er mi ned (calepemcaurlmnate) sthichewas aot nglthm thlaaﬁtm)&l of the present

chl ori ne-cont %%ﬁﬁoﬂaﬁl aF 06 56°F W LAY 69 g of thbprgﬁggéﬁ

reacts with the c rine renova cIorlde
20 mpateiahte dprmeg r;vemtﬁﬁmtg he heatgd. wmngomnawet

renoval proc e%@‘l‘h@éﬂﬂ@ﬁn@%ﬂb@l%@@ﬁ@ﬁ% thd forﬁ?oﬂb«?ﬁﬂéf ﬁ@mﬁélan

whi ch co arlson in e erqllr%rrent al %E; EX@ npl es

(accor di ndOt o %"lﬁ@g%rﬁ?g@’r size ghd ('ﬁ:%r é‘% eeg.n pmparatige; pj
the scope of tHeampdesent i nvent|on) 25 The chl orine renoval

process of this exper ar | ed u ing ,as the treatable
material, polyvinylidd Q:iae eXpETime %c %ﬁnﬁiﬂ &r quﬁl@ag &t of
chlorine conpdEwagple, Aﬂle treawlﬂwmanerl’ablm the 2bogeahehtionelll amowntr enoval
agent (pulverized de d 4 at abl e
material to form gﬂtlﬁt%sg?'ﬁg Qﬁ%&ggé%eaé}déﬁfexfgﬂg; %Ie O’%Lef%@m% ori ne
renoval a@ént agent wpsladdedz bol guat asxednwib}nlthmtd@tabﬂne anmaterialbin Zbheg was
added to 4 g f I o] heat ed,
i n Exanpl e tank%fc%? tth%to?{le% Iﬁeﬁ%’\‘/ogﬁe'd%m@rfe Ei&%)dfrf éﬁ t(g&%é)ta?a o 49 of
t he Examples 2-1 and 2-2. Then, the tank was tightly sealed so that the

inside the tank was isolated from the outside air or atmospheric air

in order that the mixture was subjected to dry distillation upon

20 heating. The thus sealed tank was stepwise heated with a heating
coil, in which heating was made at eight temperature steps of 250 °C,
300 C, 350 C, 400 °C, 450 °C, 500 °C, 550 C, 600 “C and 600 to

1000 °C. In this heating process, the temperature at each of the nine

steps was kept for 5 minutes, in which a concentration of hydrogen
25 chloride gas in the tank was measured at each temperature rising
time (at which the temperature was rising from one temperature
step to the next temperature step) and at each temperature keeping
time (at which the temperature at each temperature step was
keeping). The temperature rising time is indicated as “Rising time”
30 while the temperature keeping time is indicated as “Keeping time”
in Table 4. The tank was provided with a gas discharge pipe through
which gas and pressure generated in the tank upon heating was
discharged out of the tank. The measurement of the hydrogen



25 - treatable material ,respectively, in Conparative Exanples 2-1 and
2-2. A chlorine renoval agent (slaked or hydrated |ine) which was not
wi thin the scope of the present invention in an anmnount of 20 g was
added to 4 g of the treatable material to forma mxture to be 5 heated,

I n Conparative Exanple 2-3. A chlorine rg vabl e agent (cal ci um
carbonate) which was not within the scop&®of the present I nvention in
an amount of 20 g was added to 4 g of the treatable material to forma

' b , in Co Ex Th hl I
ngent vas. i n (HRoFGeaf ONRRBRAANT WAE ReBmelished by it Ao Setdon 0o
[err]m in alltubeasptordamgl t6odith(dapamese Inddstaigdl Standaxd) — K0804, id n t he
experinment foreaach frX ALp n%&o? rtgi}ﬁf%?véé ?ﬁée\ﬁed into ﬁ%?réalﬁfd&séﬂfraéﬁﬁ%ﬁ aP

material in the above-nme rnace,
and then 20 g weashre dheohydrogenshlorids g&&genncem‘gamnediemlamd)fnth@d with

the treata eﬁrﬁ?ﬁ; I n

m xture, e?lcep Ig'e%o%lg)%&lf\gas contc@EEra{t?? géél W?%héeﬂhw he t ank
was tightly sefiged-dbis taberneted thatiten famets nbavesexpeinresd wexan t he
outside air orréil}éaeéw Srdtﬁaﬁi fen actuapnfera%ﬁ&ea%ﬂugbgf%hétw&o\g%ﬁ %&hbl ect ed

to dry distillation us sea was, st epw se

t
heated with a ‘P?é’é’ﬁpﬁ{fnon %Olb‘%ﬁ‘ﬁl Fﬁ%?@@%&%ﬂ@@‘amg Bxayapie, is yhich
tenperature stgRsmefasdbed Wellué Ghown m3'Q‘QbIé34 l‘&‘o e§@19 E:@Hxﬁbﬁ; ui‘tQiQai; r]c,

450 50 C, 5 C, 600 C.

s had 4&%&%&1&2 ai’%ﬁfgﬁlﬁ%m s 38 the Mepgared va eeSé”ms
kept hf 0{ 5km nishewn im Tableh 4y ﬁﬁmtmh r(himpara:t_ﬁv@)Ekmple Zﬁd;l&{tbgr%@ ﬁafh

in the tan sy each tenpgrajure fisin entrds C e
t enper at ur e §W§S§ ﬁ%ug P{g 8r1'3eta§ X?‘tﬂeeg' Addﬁ%@g@ﬁlyt’ olNﬁenhé%tble 1

t enper at ur e stiedjcated the faatthaienpémydlrugm khbgride gas wad detected m:fw@h t he

t t t i-

orng e | b TG HmPEITEORE MEANYRs concekBRRNBE) mddBb BIBRE YA 0 g

time is ii8i cabsdimshedeappeinali m@'asured vialugs bFertherT meanners wfipost-ovi ded

with a gas di %ﬁ@ﬁﬁ@n?fﬁtﬂ@&ﬂ%e remoVil GBedB%eF89nBh R S dEHGRAL €d 1N

t he tank upon heatin
as Post treatment for chlorine removal agent” in Table 4.

As appreciated from the above, it has been revealed that
the alkali metal hydroxide serving as the chlorine removal agent can
20 effectively convert noxious chlorine-containing gas into harmless
chloride under a reaction in which the alkali metal reacts with
chlorine to form chloride of alkali metal. Preliminary tests
(Comparative Examples 2-1 and 2-2) were conducted in which
polyvinylidene chloride containing a large amount of chlorine
25 component was used as the treatable material. As a result of these
tests, it was confirmed that a large amount of hydrogen chloride was
generated as shown in the column of Comparative Examples 2-1 and

2-2 in Table 4.
Subsequently, comparative tests (Comparative Examples
30 2-3 and 2-4) were conducted in which slaked lime and calcium
carbonate were respectively used as the conventional chlorine
removal agents. As a result, generation of hydrogen chloride could be
suppressed to some extent; however, it was confirmed that such a



dischar.ged out of the tank. The neasurenent of the hydrogen
26 chl ori de gas concentration was acconpli shed by using a detector
tube according to JI'S (Japanese Industrial Standard) - KO0804, in whi ch
the detector tube was inserted into the gas discharge pipe to measur e
t he hydrogen chl ori de gas concentrati on. J(:zsults of the 5 hydrogen
chl ori de gas concentration nmeasurenent V\g e shown in Fig. 4. It isto
be noted that ten tines of the above experinent were repeat ed to
obtain ten actual neasur vakue t he hvdr ogen S. entration
For "each Bxamstontacen paeh 40€ Yot eI ARne rombTACERMER' | ol e
(shown i n Tablwasinot sufficient Bnahwias required tesbd furthier ihi;g‘bved. val ue in the
nmeasured val ues whil e {the .neas \V S i neTabl each
Conpar ative Exanple i qggg,a (%f;ﬁ;ﬁe adb%l%gm \g}ai}ggﬁqtn%tfh% r?g ryfdéfval ues.
Addi tional ly, mM%tlgatﬂiabdetconmderaﬂonatié@ inhvenftors hadapaldoaﬁtyutmgen
- chloride gas S %ﬁf | cTeri as
concentr at ?on%neasure%eﬁgl 'h{}(()ﬁ ?édeo%?gf%lﬁgatéﬂﬁg%% neggﬂée)%ls&g]leges.
Furt her, mannehdorinegsmoval agend; and eenductnd tasss (hramples 2ehendi2-8)ent

were i nspect qusandpl réS@Nof the @3ts Pﬁsha§ rlfééﬂ*%%eil‘éﬁ Hﬂah'oEbﬁe""h’%ﬁ)V‘?,fas been

agent" in Table ate t he above
reveal ed that hydrog@ﬁech&maéie. C%@ehe g%mﬁsaeowﬁ%egg SHFPEAESathRb AR

removal agent t@ﬁfpea@tuﬁéfﬁéghbﬂgl YarfP Nt poR¥ssiugn Chkéféﬂdecwsﬁ'\%ﬂg gas

i nto harnl,ess r nder a reaction i he al kal t al
| oact o 1S excellgit s he chIfRkremoyal aESBF. Thiaithe akbye respals thatar y
tests ( Cafrpdicalt lmetﬁwmdé id added &o&he\/\&leat@l@lredm@teﬁal 8o \fbi@h

pol yvi nyl i den chlor ont ai niyn a oripe conponent
was used as tﬁg © Pe% ‘é’Eﬁé 2%?«5’1} gcwﬂs%‘ég‘%@ gﬁ ﬁ%%‘lén ot %JZ’ it was
confirned t hatcontduangg gasogererated fximaghe tmhdztnblelmatmual can gﬁfeﬂnvélgd as

shown in the I s 2-1 and 2-2 in Table 4.
Subsequently,(éc%gri%pma}?g e\(;{e)gﬁ tFetcb}(!n%orrpara |%ve Exanples 30 2-3 and 2-4) were

conduct ed15n whi ch sl dkexe, |diseussnion vl barmade depending upon the above
expenmental results shown in Table 4.

First in case of carrying out the thermal treatment of
polyvinylidene chloride (the treatable material containing a large
amount of chlorine component) using no chlorine removal agent as

20 shown in Comparative Examples 2-1 and 2-2, a large amount of
hydrogen chloride gas was generated throughout a wide
temperature region in the thermal treatment or heating process.
Generation of hydrogen chloride gas could be suppressed to some
extent as compared with Comparative Examples 2-1 and 2-2, in

25 Comparative Examples 2-3 and 2-4 where slaked lime and calcium
carbonate were added as the chlorine removal agent to the treatable
material, respectively. However, it was confirmed that such
suppression for hydrogen chloride gas was insufficient.

In contrast, in Examples 2-1 and 2-2 where 20 g of sodium

30 hydroxide and 20 g of potassium hydroxide were added as the
chlorine removal agent respectively to the same treatable materials,
a slight amount of hydrogen chloride was found to be generated at
the rising times of 350 C and 450 ‘C in Example 2-1 and at the



carbonate were respectively used as the conventional chlorine renoval
~agents. As a result, generation of hydrogen chloride could be

suppressed to sone extent; however, it was confirned that such a

21 suppression effect due to the conventional chlorine renoval agents
was not sufficient and was required to bg further inproved.

In view of the above, as a result of a v §iety of I nvesti gations and
consi derations, the inventors had paid attention 5 to alkali netal

hyd I d d hl I
ent e colreil faly eVl MASRRT 2.5° nowevell R ALY |
tests, it has dhémdeegamgeﬂermm geae faundnthroughout hwhiolegtempbtraturde coul d
be g |1 .t e at ' ; d
Chat - pot ass! ufCRRI, BF k%, BECGRRP brBhecdBils or, i AL WhcReb s OURRH o)
agent. Thus, telxéubitm@ g@deaknemnmntal resitsaak abmpeazed whthirthoisde 65 added
to the tregtalgupBlanbel Bnlld 2.1 1f heali i WadGibs, DRSS! feho the

t hermal treatnent COI’] al ni ngl gas gener a

treatabl e mat @pnﬁrn&dnﬂeaif @@dmtm of alk yiraside (kmbe pblotereastni ess.

5 vH%h%thhﬂ%}’%é tRe t%éﬂab'l’@ B2 A SReHY ﬂfbrﬁ?él“trbﬁ@m%%vd?r
exper| ment al results shown in & I N case
carryi ng out t}’f?@t%rmpc%seéi%n? getively %Qﬂomll’ﬁhl Q!'Fﬂl%frlpﬁe thhe
treat abl e mat @hlGHn6QondhiHig Fasag@ferated FmNtthef t?@éﬂﬂbléenfﬁ&%le“t)
usi ng no rine renoval ent as 20 shown in Co arati npl es 2-
and 5-2. 101 athareloanewe the chliimeomuriochig Fas e Recome Hemieabed

L hr 0U9hout a wi de It ietepbs abwb?hagemmmehbesiﬂnﬂam thé ablbgewexgr
eating process ration,o e as oul d be

suppr essed t o C@Bffucted g%@ﬁtn& h%§ %tr%g gﬂrf“ﬂ "'é) IEQE%‘]"&? 2-1
and 2-2, in 2%onGbnmacaer GO0, phich exltibated shmlahexpenmémml Iesaltznd

calcium . 981 BOaReT Pnadtalpasedlic ol Hdifd R HLAHRNt of Gphe

treatabl e es Wever, was con gt such
suppr essi t9 f¢rea1>pdiﬂ©gaatm reingte tbasc]mhmnms'aMt)vmleagent is preferably

within a range of not higher than 1000 C from the view point of the

fact that a facility for carrying out the chlorine removal process of
the present invention is required to be large-sized if the
temperature is raised over 1000 °C.

20 Discussion will be made on mechanisms of reaction
between alkali metal hydroxide and chlorine-containing gas,
realizing unexpected results in which both emitted gas and residue
are made harmless.

(1) In case of using sodium hydroxide (NaOH) as the

25 chlorine removal agent:

When sodium hydroxide is added to the treatable material
which is to generate hydrogen chloride (HCl), sodium hydroxide
reacts with hydrogen chloride to form harmless sodium chloride and
water as follows: _

30 NaOH + HCl1 — NaCl + H,0

(2) In case of using potassium hydroxide (KOH) as the
chlorine removal agent:



In contrast, in Exanples 2-1 and 2-2 where 20 g of sodium 30 hydroxi de and

20 g of potassi um hydroxi de were added as the chl orine renoval agent
respectively to the sane treatable nmaterial s, a slight anount of
hydrogen chl oride was found to be generated at the rising times of 350
[err]C and 450 [err]C in Exanple 2-1 and,at the

28 ) keeping tinme of 450 [err]Cin Eg npl e 2-2; however, no hydrogen
chl ori de gas generation was found throughout whol e tenperature regi ons

of the thermal treat or in heati [ QCRSS, ¢ b >xhi, bi i ng
good experinental resu na?"@%%ﬁ@e%%&%o@e eﬁﬁ:eo %rgrt)éla\’%bgarrpl es
2-1 to 2-4. | rmatexiblisvhoch ist tdgenbrate hydrogem thloride t(HAl) apdtassimmof

al kali et al I . e . ' Lde -1 he
treatabl e mat M‘%ﬁ%ggf é%&fs E@rt#nj{lfﬁo g@n@gﬁmgre to M%g{ﬂls(r%igﬁ%r %h(;té)gl's&égan
effectivel y acamdwaten, aefdllowsnati on of chl ori ne-cont ai ni ng gas

generated gromthe tregpgblegmtsrgel +1 ot hereby causing the
chl ori ne-containing gas to beconme harmnl eSs. is to be noted

. . | t
that experiments sim |13 theabeee axperiments, the residnaveasiethanthedamke
treatabl e matejfal thle RebtiBBChroé&EBChalUbEen compIBEd! THe ¥SIAWROFdL 1] C

whi ch exhi bited simlar experi.nental e, above. The

results tot
tenperature fcorehiegteddy W@eﬁ#lQ’E‘uPmefW% Hyvag @%’éﬁc&%‘iéhﬁﬁﬁk? irefl t he
chlorine renmovgild a@¢néontaiRr BbLioak! ¥hlorine-sbhtifiidy rgdtdoipditinthiagider t han

1000 [err fromthe v ew point . of..the .. ctlﬁat facili.ty f

carrying hﬁt t%@taﬂ%ﬁlﬁﬁmfﬁ%@?nﬂﬁgé@él%@ﬁ’ﬂde PhRo é‘é‘f‘i‘tchlﬁ?éioréi on is
requi red to beThargsidsiezeds put ihbewater ahdrgidrrat foe 10sminites) inwehich000
[err]C. 20 . Di ssion wWhhl . made ani s reaciion
bet ween al kal isoéé\lgﬂ %dﬁ@%sgﬁulgn%?ﬁlggi %gscoﬁ#gfqﬁ}i%ﬁ lﬁag% a%r Vi éfaq I zi ng
unexpect ed r esuarbenizedwimateralsh remigined. das wasd alesi detected that thede
har m ess. . . asey o Sj di raxi . as the
25 chlorine rcearlr'g\9’(313[%(5119eléllt;‘la ?ceﬁglsc i %hot! E%g;ﬂ SSmﬁnﬁgﬁﬁ%ﬁ&{e‘yﬁ fdded to
‘the treat 36l e component.

Accordingly, chlorine-containing compound and chlorine
component in the treatable material can be converted into sodium or
potassium chloride and water, and therefore hydrogen chloride
forming part of a source of dioxin cannot be formed thereby realizing

20 the unexpected results of making both emitted gas and residue
harmless. It will be appreciated that the same results can be
obtained even if at least one of other alkali metal hydroxides such as
lithium hydroxide (LiOH), rubidium hydroxide (RbOH), and cesium
hydroxide (CsOH) are used as the chlorine removal agent.

25 Thus, it will be understood that, in this embodiment, at
least one alkali metal hydroxide, i.e., sodium hydroxide (NaOH),
potassium hydroxide (KOH), lithium hydroxide (LiOH), rubidium
hydroxide (RbOH), and/or cesium hydroxide (CsOH) is used as the
chlorine removal agent.

30 As will be understood, in the heating process in which the
reactions according to the above chemical reactions are made, NaCl
and KCl are formed. NaCl and KCl are harmless chlorides and can
be effectively removed under a rinsing or dissolving treatment with



whi ch i.s to generate hydrogen chloride (HC ), sodi um hydroxide reacts
wi th hydrogen chloride to form harm ess sodi um chl ori de and wat er as
foll ows: 30 NaOH + HOl -> Nadl + Herr]O (2) In
case of using potassium hydroxi de (KOH) as the chl orine renoval agent:
29 When pot assi um hydr oxi %ﬁ Is added to the treatable
material which is to generate hydrogen cHloride (HC ), potassium .
hydr oxi de reacts WI th hydrogen chloride to form pot aSSI um chl ori de and

t foll KG +H[ e th
\Qﬁoxe/re eigerlorreﬁ er t‘% the tikes %@%ﬁ? H?Ps[lﬂé % ent %@%rr‘?sﬁguﬂjegtl ng
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and therefore dagdrogen chloride form ng part of a source of dioxin
cannol b Lor o0 et St e luth i O N Bl ) ST
sane results caathms harnﬂb$salsndﬂ1mvdﬂoridea(Nh€b)shndnpow‘ssﬁilhedihlah'idﬁ I
reL e ot SR ot i e LSR8 AL Bty o
agent. 25 into a wafidwtank t:omtalhmgwatde,rmdasﬁrréﬁfor arpmﬂesemmhmﬂ ment ,
at time thereby dissolving sodium and potassium chlorides.
15 Subsequently, solid materials in the water tank are taken out from
the water tank and then are subjected to a centrifugal dehydration
to separate water content from the solid materials. The thus
dehydrated solid materials are dried and massed: Water remaining
in the water tank and the separated water content are drained
20 through a separate draining and treatment means. It will be
appreciated that carbon contents in the massed solid materials can
be used as fuel while inorganic contents in the massed solid
materials can be used as materials for glass and cement. Furthér, as
discussed above, the residue can be separated into respective
25 materials which are different in characteristics by any separating
means, upon which the separated respective materials are dried and
massed to be effectively used as fuel or the like.
Next, a third embodiment of the noxious component or
chlorine removal process according to the present invention will be
30 discussed. This embodiment is particularly applicable to the chlorine
removal process for polyvinyl chloride, polyvinylidene chloride, a
synthetic resin containing chlorine, a rubber containing chlorine
and/or the like. In this embodiment, the noxious component chlorine



| east one al kali metal hydroxide, i.e., sodium hydroxide (NaCH),
pot assi um hydroxi de (KOH), |ithium hydroxide (LiOH), rubidium
hydr oxi de (RbOH), and/or cesium hydroxide (CsCH) is used as the

chl orine renoval agent. 30 As will be understood, in the heating
process in which the reactions accor@ ng to the above chem cal
reacti ons are made, Nad and KO ar@ formed. NaCl and KC are harnl ess

chl ori des and can be effectively renoved under a rinsing or dissolving
wat er

th
o CThaeT e eemmoval, azephesansains alkali metal by dungep, gprbonale, apdior 'S’ o
car bgnl Ized {mtﬂjklaéi smetalnicarbonatee i.ankaénteastusabl ef sodmnAchydrbgtgi Y, ht he
ual materja vV s_whic
;rezl different 54 %H%?g‘c °§4‘P§f?§§’%§‘t ég%g‘%g?gﬁ‘% @ar?on%gﬁé:‘f&?%g §é€ar at ed
respective mat sodaal Additéomially,dpelyvinyls shibride and pbhf\unahldenaschlmidenr t he
like. Addi “hs g?ié Mse<¥ LY Yhd t&é&féﬁlé‘%&‘&&f@m"@‘i? embodﬂmﬂar t he above rinsing

tr eat nent y con al NS NnO NOXI ances an fherefore can be
di scharged as it is toAa an iestanee, sedium hydregen marbonate (NaH@Bpkis

i fi |1 t
<odi um ohl of | d‘%%%%?l@”@“a“’ﬂé‘?g’éﬁ#ﬁﬂ fedt)gn' #ifch m§ 9“1“%' Byafgal ess
extract the cda¥ ﬁpﬂéﬂlmlé‘ﬁﬂaw theotreadablpomate nd heatgdythexgher tank

cont ai ni ng Watlﬁ‘ingﬁ{éi abblif '%Bd fBwaih@&@d@&@ﬁ rﬁri’tﬁ(hydrogeh' ¢H oY &W)l)
di ssol vi ngipsodl m,and pot assgﬁg chlorides. 15 Subseguentl solid

materials 1Pn tW 1%%%@ maier shlorngcpntaiping ggmpoun ﬁ‘éu%i‘/lsii 1P,&RS%hd t hen
are subj ect ed eneiac@@ffoxﬁlthéltrd@&a&ﬂé mamlal uport heaﬁngf NH oW, eF HONt ent

(romhe ool | LRl 9 1.1 G accorilf OB il 98, REASCEL 1 co
wat er cont ent aumpohlmtrseeingﬂm the regttion systern) ehthrine regetandithr Nat toeent
Tatorial s can foRm NaCl SARERSSh dfhndp 6t a“PUeBRT 1B0RER. Spbil A{MRAGRE 20, ¢
solid 15rratfe‘eamh:1eaaat¢mahwud additaoralily vsaterr(Hphsandughsc@f@gtare
Further, as  formed. As a result, no chlorine-containing gas is generated and
emitted from the furnace, realizing that the emitted gas and the
residue are rendered harmless. It will be understood that chlorine-
containing compound or gas is a source for producing dioxin which is
20 virulently poisonous.

According to this embodiment, when the heating
treatment is applied to the treatable material containing chlorine-
containing substance which will generate chlorine-containing gas
upon heating, alkali metal carbonate and/or alkali metal hydrogen

25 carbonate are added to and mixed with the treatable material as the
chlorine removal agent thereby form the mixture. By heating this
mixture in the low oxygen concentration atmosphere, the chlorine-
containing substance is thermally decomposed at a predetermined
temperature thereby generating harmful chlorine-containing gas.

30 This chlorine-containing gas immediately reacts with the chlorine
removal agent thus to form harmless chloride. .

Hereinafter, experiments for carrying out the chlorine
removal process according to this embodiment will be discussed, in



di.scussed above, ‘the residue can be separated into respective 25 materials

which are different in characteristics by any separating means, upon
whi ch the separated respective materials are dried and massed to be
etfectively used as fuel or the |ike. Next, a third

enbodi mrent of the noxi ous conponent or chl orine reanaI process
according to the present invention wll 3@ 30 discussed. This enbodi nent
is particularly applicable to the chlorine renoval process for
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al kali metal carbonate one odi um hydr ogen
carbonat e, sodium car Bt‘h@t chlozing; anmgé ubrargsboofitthis aexperamenil was

ded as the ¢ F:%%& iﬁ%i?‘*he@i%ﬁi the ?”i%"g? DAt dbal, GAlGv AR BBFge” B ©
i nst'ance, sodi rade Nghitsdy cqontained a largfsamagnth@f
chlorine rem\bﬂloﬁﬁ@néompﬂnéﬁtsﬁhAé %0’%@&'1‘1&”’[%% CKJEEO g of Efi‘é eibS
m xed with the treatabl e Jia d heated the ringi ng_ about
e 1ol | owi ng SFEHNAL e RO Gy OBRh SAF bRy aa eddadtord Btz or
chl ori ne- cont areatable onagerial c@vlywingl dhlogidedSto formIanemixigse fiOmet he
(reatabl oyt g gl Vg SRS Lo oo e Yt MO
t he reaction imdregencddrbnnaﬁe)rnnansamouhtl\ﬁ‘ 20 was aﬂdémﬂﬁa@g\bﬁlthfé is a
oot o2 o Bt TR GREAIR A oo B08 B SLS o By
result, no chheated woExample3-§aNd chlgenss remdvahdgent Waeraddeﬂitd “em t he
e, T 0 R AR 3y G
gas is a $dur fxampleBokiudi ¢hjoningcremanak agent Zcalcinmycarhonateb varinhus.
According to tvsFHsSnSHboGRhEE?%e ¥hpR bHehOG¥esBEt invention was add in an
amount of 20 g to 4 g of the treatable material (polyvinylidene
chloride) to form a mixture to be heated, in Comparative Example
3-2. A chlorine removable agent (slaked lime) which was not within
20 the scope of the present invention was added in an amount of 20 g to
4 g of the treatable material (polyvinylidene chloride) to form a
mixture to be heated, in Comparative Example 3-3. The chlorine
removal agent was in the form of powder having an average particle
size of 100 4 m, in all Example and Comparative Examples.
25 In the experiment for each Example or Comparative
Example, 4 g of the treatable material was put into a tank or furnace,
and then 20 g of the chlorine removal agent was added to and mixed
with the treatable material in the tank to form the above-mentioned
mixture, except for Comparative Example 3-1. Then, the tank was
30 tightly sealed so that the inside the tank was isolated from the
outside air or atmospheric air in order that the mixture was
subjected to dry distillation upon heating. The thus sealed tank was
stepwise heated with a heating coil, in which heating was made at




treatnment is applied to the treatable material containing chlorine-

cont ai ni ng substance which will generate chl ori ne-containi ng gas upon
heating, alkali nmetal carbonate and/or alkali netal hydrogen 25 carbonate
are added to and mxed with the treatable material as the chl ori ne
renoval agent thereby formthe m xture. §§ heating this m xture in the
| ow oxygen concentration atnosphere, the“thlorine- cont ai ni ng
substance is thernally deconposed at a predetermn ned t emperature

chl ori ne-cont ai*f reacts wth the chl? hoval
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experinments fo %ar({fyttﬂg Qgghtt @‘E%ﬁyﬁﬁé NBept for' 8T HutRE OGRS SWRfchO 4l N9 to

t hi s enbodi men
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contai ned a | ar ge anmpunt of f(gsorl e nponent s. shown .in Table 5,
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20 gto 4 %%&g. E\a‘re(gl famp Gé %‘%CB%(%%\%W nyl'1de paﬁeggc%?orl
forma m )dﬁurestandﬁa‘dhe-aK@804; Whit?hlthel e@foaﬁpbe was inspred mfﬂﬂhﬁl ne
removabl e ageng,d Shdthdrkl "pip¥hiteh WRashRA ¥hé "Hydrogen chloride gas
concentration. Results of the hydrogen chloride gas concentration
measurement were shown in Table 5. It is to be noted that ten times

of the above experiment were repeated to obtain ten actual

t her eby gener at.i ﬁg’g %&@ %%ng Sﬁ%ﬂe%]%f%t & Nbp &ass5036t|: ZBbS"C 450 °C

20 measured values of the hydrogen gas concentration for each
Example and Comparative Example, in which the measured value
(shown in Table 5) for each Example indicates the highest value in
the measured values while the measured value (shown in Table 5)
for each Comparative Example indicates the lowest value in the

25 measured values. Additionally, “ND” in Table 5 indicates the fact
that no hydrogen chloride gas was detected in any of 10 times
hydrogen chloride gas concentration measurements to obtain the
ten actual measured values. Further, manners of post-treatment for
the chlorine removal agent were inspected and shown as “Post-

30 treatment for chlorine removal agent” in Table 5.

As appreciated from the above, it has been revealed that
the hydrogen carbonate or carbonate containing an alkali metal,
serving as the chlorine removal agent, can convert noxious



20 the scope of -the present invention was added in an anount of 20 g to
4 g of the treatable material (polyvinylidene chloride) to forma

m xture to be heated, in Conparative Exanple 3-3. The chlorine renoval
agent was in the formof powder having an average particle size of 100
[err]m in all Exanple and Conparative Eégrrples. 25 In the
experinment for each Exanple or Conparati Exanple, 4 g of the

treatable material was put into a tank or furnace, and then 20 g of
the chlorine r va nt_was _adde 0_and m ith _the.treatable
meral i n o IpEe- COTARHE g° Ml b3raPeT cifftide unds  ERGHORCE 7 o
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m nutes, in ch a ntration of hydrogen chloride gas in the tank
was measured Xalype%é‘hli"e%iﬁ@re rising time (at which the tenperature
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hydr ogen chl ori de as concentrat.i
revealed that generatlon of hydrogen chloride could be generally

completely suppressed at any temperature regions, and that sodium

l_

hydrogen carbonate was very excellent as the chlorine removal
20 agent.

Thus, the above discussion demonstrates that if hydrogen
carbonate and/or carbonate containing alkali metal (to be able to
react with chloride) is added to the treatable material to form the
mixture to be subjected to the thermal treatment, chlorine-

25 containing gas generated from the treatable material can effectively
dechlorinated and become harmless.

Here, discussion will be made depending upon the above
experimental results shown in Table 5.

First in case that polyvinylidene chloride was used as the

30 treatable material containing a large amount of chlorine component
and that no chlorine removal agent was used as shown in
Comparative Example 3-1, a large amount of hydrogen chloride gas
was generated throughout a wide temperature region in the thermal



neasurenent were-shown in Table 5. It is to be noted that ten tines of
t he above experinent were repeated to obtain ten actual 20 neasured val ues

of the hydrogen gas concentration for each Exanpl e and Conparati ve
Exanpl e, in which the neasured val ue (shown in Table 5) for each
Exanpl e i ndi cates the highest value in t he neasured val ues while the
nmeasured val ue (shown in Table 5) £8P each Conpar ati ve Exanpl e

indicates the lowest value in the 25 neasured values. Additionally, "ND'

in Table 5 indicates _the fact t hat~no_ hydro hl ori de,gas was
deteated in adyentnest o hditing proe Gfermtise 6 ByRtogtn chifite s
measur enent s tcouddthe suppressed totsmeektent asasmpededavithsCompdradive

nepect cd and LROMTRS bpis Comparat I8 FiRAntbled S 2Ry B aWWhls Wiy, . |,

Tabl e 5. carbonate and shpbed bime were addedias tteoshdorine rexsovaleagentyeal ed
that ghe Hayﬁfé’@féht%l@% il rEQANRIY. ERTAE, 38 vk dbkftmetEt l
serving as the c orine renova agént can C n\(ert no§<| ous .

34 chl orthesé sush sunnmegsigasior hysiregenichieride gasiwas imandficienteact i on i n

whi ch the al kal i met ally Gagksodt Lih kRGPS 83 WEERENARLAS BdMdedl |
netal. A prelimpary test ( arative_ Exanple 3-1) was conducte I n
whi ch pol yvi nﬁqrgeﬁét%m%rﬁl&gg@ﬁt eriioderine| rempy s mgemt tgrthestreagable ne
conponent was hgeskiak dd'@ehbratioR|of Hphegka!chld¥ide gaSebtld be detbetdd S
gener at ed 1 SREANERRUE Khecuhale KORDEERTE Aeeiots 1n HoshABHEE RS Ta! o
5. dem&usizadgigntthat ¢hepaosdiume hiydzdoger Gemﬂmn@tt'evew%wmdyes ll?ms
1200 1-9) SRR ) KT DL BBy 3 Vg, o
a result, geneodinmrhydrdgedrcybonate waisdeldedidsihecchlorinestempoeslsegbrito some
exuent: Rove vty old o SPRLIBTE GohlAaP idsfio, USRI SERRRBR L8 .
requi red 16 bédydnogearchilopidevgds could be completely suppressed throughout
the whole temperature regions in the heating process.
In conclusion, it has been confirmed that addition of
hydrogen carbonate and/or carbonate containing alkali metal (to be
able to react with chloride) to the treatable material containing
20 polyvinyl chloride or the like in the thermal treatment or heating
process can effectively accomplish dechlorination of chlorine-
containing gas generated from the treatable material thereby
causing the chlorine-containing gas to become harmless. It is to be
noted that experiments similar to the above were conducted heating
25 the treatable material at a higher temperature condition over 600 °C,
which exhibited similar experimental results to the above. The
temperature for heating the mixture of the treatable material and
the chlorine removal agent is preferably within a range of not higher
than 1000 °C from the view point of the fact that a facility for
30 carrying out the chlorine removal process of the present invention is
required to be large-sized if the temperature is raised over 1000 C.
It will be understood that the same reactions as those in
the first embodiment are made when sodium hydrogen carbonate,



As a result of the tests (Exanples 3-1 and 3-2), it -has been reveal ed
t hat generation of hydrogen chloride could be generally conpletely
suppressed at any tenperature regions, and that sodium hydr ogen
carbonate was very excellent as the chlorine renoval 20 agent.
Thus, the above di scussion denonstrates &gat I f hydrogen car bonat e
and/ or carbonate containing alkali netal¥fto be able to react with
chloride) is added to the treatable material to formthe mxture to be
subj ected to the.thermal treatne chlori.ne- .2 cont ai ni as. gener at ed
fromthe treat 'émnﬁ%%qnﬁte@grﬁoﬁ?’@cF?%Warbogaa%gﬁé%ﬁw;gegy %%corre
harm ess. chloride genenatex fidns thie sreatablé mdierisd dpolyvpayldithlgridecor t he
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containing a |landearbmudioxadechl orine conponent and that no chlorine
removal aggnt was usedyath ShOYFL bRperimentaHA fdivaeATRLE i the fhriar 0°
ydrogen chl'oride gas

anmount of | was_ generated throughout a w de
t enper at ur e r eaftem the hpatingepregess had been completed. The residue was
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coul d be suppr ed to sone extent as, conpared Wt nparative .
Exanpl e 3-1, iHACHepacertaln RS cchlormersentaining F3s componant and

carbonate and ghndkhfbd haBmIGshloedd odSsodiemCenierides Theisidudgritpud to
e ot 98, SR PR e VSR 5 was |
In contrast, idissvleelia Wwaterwihile caebonivedytiatedals remabeschditaygs whso added
of hydrogen criPre. ghef 358 chthomited chateREE A qulnsoiene chfiuree. o
tenperature r egpntaming gdvecoreponet. process, denonstrating that the
agent I Exampl o a1 aorditely chlorine R ERn AR cdipbuia T GHRLLET % |
chl ori ne A&novampaeyent in the treatable material can be converted into sodium

chloride (NaCl), water (H,0) and carbon dioxide gas (COy, and

therefore hydrogen chloride forming part of a source of dioxin cannot

be formed thereby realizing the unexpected result of making both

emitted gas and residue harmless.

20 It will be appreciated that, in this embodiment, sodium
carbonate, sodium hydrogen carbonate, and/or sodium sesqui
carbonate, natural soda is used as the chlorine removal agent.
Sodium carbonate can form monohydrate compound and
decahydrate compound and is known as soda. Sodium sesqui

25 carbonate naturally exists as trona. As will be understood, in the
heating process in which the reactions according to the above
chemical reactions are made, NaCl is formed. NaCl is a harmless
chloride and can be effectively removed under a rinsing or dissolving
treatment with water or the like. After the rinsing treatment, solid

30 residual materials or carbonized materials remain in the tank and
reusable. Accordingly, the residual materials can be separated into
respective materials which are different in characteristics by any
separating means. The separated respective materials are dried and



to the.other treatable material (polyvinyl chloride), generation of 15

hydr ogen chl ori de gas coul d be conpl etely suppressed throughout t he
whol e tenperature regions in the heating process. In
conclusion, it has been confirnmed that addition of hydr ogen carbonate
and/ or carbonate containing alkali netal (to be able to react with
chloride) to the treatable materi al cont§'ning 20 polyvinyl chloride or
the like in the thermal treatnment or heating process can effectively
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bringing about the following reaction with hydrogen chloride (H{Cl)

which is a major chlorine-containing compound contained in gases
generated from the treatable material upon heating.
20 KHCO, + HC1 = KCl1 + H,0 + CO,
According to this reaction, if Na and CO components exist
in the reaction system, chlorine reacts with Na to form NaCl which is
a part of a residue formed upon heating the treatable material, and
additionally water (H,0) and gas (CO,) are formed. As a result, no
25 chlorine-containing gas is generated and emitted from the furnace,
realizing that the emitted gas and the residue are rendered harmless.
It will be understood that chlorine-containing compound or gas is a
source for producing dioxin which is virulently poisonous.
According to this embodiment, when the heating
30 treatment is applied to the treatable material containing chlorine-
containing substance which will generate chlorine-containing gas
upon heating, alkali metal carbonate and/or alkali metal hydrogen
carbonate are added to and mixed with the treatable material as the



detected that the carbonized materials did not contain chlorine-

cont ai ni ng gas conponent. Accordi ngly, chlorine-containing
conpound and chlorine 15 conponent in the treatable material can be
converted into sodium chloride (Nad), water (Herr]O and carbon

di oxide gas (CdJerr]), and thereforg hydr ogen chl oride form ng part of
a source of dioxin cannot be formed ?hereby real i zi ng the unexpected

result of making both emtted gas and residue harnl ess.

Sodi um hydr g SHLEHAS oA B7AL sdehy ledeffy §F S0l Hhe BRI By o ?ﬁ%’i&ﬁt
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under st ood, i rtemtperature Hbgreby generating a\m ablerine sumtamn.gcgasdu ng to
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t he tank and ﬁusabl e. Accaydi ng;ﬁ% resi dual, Jals c n

separ ated i nt d’eIOVaL REIGERT A0 S }{‘Hﬁg’r Cppsed,

char act Ier i sti aghivh @dhzlp arisonSfiRXpatinien tElaesult I8 en 586 between Mﬁﬁlésve
mat eri a s

massed tol Lfgrl e‘%“'ﬁg tq,dhiy, emphodiment) apd; Comparptive, m@u@mas

wat er) used f@mhlmethbtmpe|oﬁ$he@résaﬂimhtmi)dl y contains no noxi ous
substances and t her ef C be discharged as it 0 _a.riyer and t he
sea. 5 C%F‘S{}PFhr%’HBXS?r%?Pe%% thghlﬁoﬁm?glﬁﬁlﬁo or

chl orine renomlrrimdomﬂsbycuemﬁ ngst the Heeptabdenmateviad; |pcu1|yvnIIiyﬂ.1dme
di scussed. I'nJ 0 QLR Ne

removal agent con a?@gﬂ{gﬁdﬁﬁgg‘l @ﬁ%&mgﬁ&ggg @gﬁg heé% ]g{raarh largéel
netal car bBnataanount of Chlomeas:pnmmle@pr'& essmulatgditrapinwas the same

as that used in the experiments for the first embodiment. As shown
in Table 6, 10 g of the chlorine removal agent (pulverized potassium
hydrogen carbonate) was added to 4 g of the treatable material
(polyvinylidene chloride) to form a mixture to be heated, in Example
20 4-1. The chlorine removal agent (pulverized potassium hydrogen
carbonate) in an amount of 10 g was added to 4 g of the treatable
material (the simulated trash) to form a mixture to be heated, in
Example 4-2. No chlorine removal agent was added to 4g of the
treatable material (polyvinylidene chloride) in Comparative
25 Example 4-1. A chlorine removal agent (slaked lime) which was not
within the scope of the present invention was added in an amount of

kal i

20 g to 4 g of the treatable material to form a mixture to be heated, in
Comparative Example 4-2. A chlorine removable agent (calcium
carbonate) which was not within the scope of the present invention
30 was added in an amount of 20 g to 4 g of the treatable material
(polyvinylidene chloride) to form a mixture to be heated, in
Comparative Example 4-3. The chlorine removal agent was in the



10 carbonate (KHCJ err]) and potassium carbonate (Klerr]CJerr]), and used
I n the chlorine renoval process for the treatable naterial which is
pol yvi nyl chl oride, polyvinylidene chloride, a synthetic resin

contai ning chlorine, a rubber containing chlorine, and/or the |iKke.

As an instance, sodi um hydrogen carbonats (KHCOJ err]) is 15 wused as the
chlorine renoval agent, in which the sod %n1hydrogen carbonate is
mxed with the treatable material and heated thereby bringi ng about
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reatanl e na er l a

chlorine remV® g‘f‘sﬂmﬂﬁ’eﬁaéﬁg Fasmpade ?ﬁ&lgh&*tem%eraévrﬁéa%%‘bf%‘? &,

m xture in t h@ﬂ(b\’@ B8, 400 430fC o050 fQp5H0EC 600116, thlthis heating
Cenper at ure. 1 REPERSE JuvetiEp Bttty i A BE Ehf ciBufsB0US S R8P far 57,
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2232?| ?nr;ﬁtsst ?o%ﬁg%§f‘?§§§€¥§¢ Prd @ﬁ temn%erature risingj_ﬁfxfé @Lj WHich the

temperature was rising from one temperature step to the next

temperature step) and at each temperature keeping time (at which

the temperature at each temperature step was keeping). The

20 temperature rising fime is indicated as “Rising time” while the

temperature keeping time is indicated as “Keeping time” in Table 6.

The tank was provided with a gas discharge pipe through which gas

and pressure generated in the tank upon heating was discharged out

of the tank. The measurement of the hydrogen chloride gas

25 concentration was accomplished by using a detector tube according

to JIS (Japanese Industrial Standard) — K0804, in which the

detector tube was inserted into the gas discharge pipe to measure

the hydrogen chloride gas concentration. Results of the hydrogen

chloride gas concentration measurement were shown in Table. 6. It

30 is to be noted that ten times of the above experiment were repeated

to obtain ten actual measured values of the hydrogen gas

concentration for each Example and Comparative Example, in which

the measured value (shown in Table 6) for each Example indicates



renoval. process according to this enbodinment will be discussed, in

whi ch conparison in experinental result is made between Exanples 10
(according to this enbodi nent) and Conparative Exanples (not Wi t hin
the scope of the present invention). The chl ori ne renova
process of this enbodi ment was carr|8d out by using, as the treatable
mat eri al, pol yvinylidene chlori de of9the simul at ed (standard) trash
whi ch cont ai ned a | arge 15 anount of chlorlne conponents. The S|nulated
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car bonat e not Wthin the scope o e, present i was
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nparative Exa The chl orine renoy ent was 4 n.3he
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mxed W th thqalrealaBhae "5 ¢hidline component was used as the treatable

material. As a result of this test, it was confirmed that a large
amount of hydrogen chloride was generated as shown in the column
of Comparative Example 4-1 in Table 6.

20 Subsequently, comparative tests (Comparative Examples
4-2 and 4-3) were conducted in which slaked lime and calcium
carbonate were respectively used as the conventional chlorine
removal agents. As a result, generation of hydrogen chloride could be
suppressed to some extent; however, it was confirmed that such a

25 suppression effect due to the conventional chlorine removal agents
was not sufficient and was required to be further improved.

In view of the above, as a result of a variety of
investigations and considerations, attention had been paid to
potassium hydrogen carbonate and potassium carbonate and

30 selected potassium hydrogen carbonate as the chlorine removal
agent in the experiments, and conducted tests (Examples 4-1 and 4-
2). As a result of the tests, it has been revealed that generation of
hydrogen chloride could be generally completely suppressed at any



In the.tank to formthe above-nenti oned m xture, except for

Conpar ati ve Exanple 4-1. Then, the tank was tightly seal ed so that t he
inside the tank was isolated fromthe outside air or atnospheric 10 air in
ocder that the m xture was subjected to dry distillation upon heat i ng.
The thus seal ed tank was stepwi se heated with a heating coil, in which
heati ng was nade at eight tenperature stéﬁg of 250 [err]C, 300 [err]C
350 [err]C, 400 [err]C, 450 [err]C, 500 [err]C, 550 [err]C, 600 [err]C. In
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no hydrogen ch or|
Example 4-1 in Comparatlve Examples 4-2 and 4-3 where slaked

lime and calcium carbonate were added as the chlorine removal
agent to the treatable material, respectively. However, it was

20 confirmed that such suppression for hydrogen chloride gas was
insufficient.

In contrast, in Example 4-1 where potassium hydrogen
carbonate was added as the chlorine removal agent to the treatable
material, no generation of hydrogen chloride gas could be detected

25 throughout the whole temperature regions in the heating process,
demonstrating that the potassium hydrogen carbonate was very
excellent for the chloride removal agent. Additionally, in Examples
4-2 where potassium hydrogen carbonate was added as the chlorine
removal agent to the treatable material (the simulated trash),

30 generation of a slight amount of hydrogen chloride was found;
however, no substantial generation of hydrogen chloride gas could be
detected throughout the whole temperature regions in the heating
process.



5..of 10 tinmes hydrogen chloride gas concentrati on neasurenents to
obtain the ten. actual measured values. Further, manners of post-
treatment for the chlorine renoval agent were inspected and shown as
"Post-treatnment for chlorine renoval agent” in Table 6. As
appreci ated fromthe above, it has been rgvealed that 10 the hydrogen
carbonate or carbonate containing an al k3¢i nmet al , serving as the
chl orine renoval agent, can effectively convert nOXIOUS

ride_under ctilon in
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4-2 and 4-3) generatedi tﬁﬁ@éllolws whi ch sl aked |inme and cal ci um car bonat e
were respectively useRestdn @MPMmaLHlai@reoe rermva' agents. As

a result eneration o | or { de coul d ressed to sone
ext ent ; hoevever i t M&@S&mgg HC%‘& Bhsmogth Ys‘i?&ﬁFé@§ g‘h”« I due to
t he convent|ortalfoﬁﬂlpéhﬁpegsqimyﬁldea(mngs was not sufficient and was
reqU|red be further

result of 19 variety ofl® Qg‘“ﬁ‘%é@??@%ﬁ?ﬂ?‘&ﬁ&%ﬁﬂé#&e«%q}@& %%[e, ?zna
had been pai d lifae (Ca((}H))z)a,s:slwas fa)edﬁﬁm&tl@ﬁ hamﬂ@@@ﬂl@ﬂl@ﬁea@) addhonat e
and 50, o¢l eo el SRR W IOk B RNl oS e atuts el )
As a result ofsmidotht estcompardthwitiecther abowe edse haft the chiatineremioval
oo AR B EIRERL TOD L Ny o bgen cat bonat e was. very
excel | ent 155 t he chl odineonemsion, itydras bRens confiomedothat eaddition heft
potassium hydrogen carbonate and/or potassium carbonate (to be
able to react with chloride) to the treatable material in the thermal
treatment or heating process can effectively accomplish
dechlorination of chlorine-containing gas generated from the
20 treatable material thereby causing the chlorine-containing gas to
become harmless. It is to be noted that experiments similar to the
above were conducted heating the treatable material at a higher
temperature condition over 600 °C, which exhibited similar

experimental results to the above. The temperature for heating the

25 mixture of the treatable material and the chlorine removal agent is
preferably within a range of not higher than 1000 C from the view
point of the fact that a facility for carrying out the chlorine removal
process of the present invention is required to be large-sized if the
temperature is raised over 1000 °C.

30 Discussion will be made on reactions carried out in the
chlorine removal process of this embodiment. In case that potassium
hydrogen carbonate ('KHCO,.,) is used as the chlorine removal agent,



I f potassi um hydrogen carbonate and/or potassium carbonate (to be abl e
to react with chloride) is added to the treatable naterial to form 5 the

m xture to be subjected to the thermal treatnent, chlorine- cont ai ni ng
gas generated fromthe treatable material can effectively

dechl ori nated and becone harmnl ess. Herei nafter, discussion

w || be nmade dependi ng upon the abo¥e experinmental results shown in
Table 6. 10 First in case that polyvinylidene chloride was used
as the treat e material..containing a lar . | ori
conponent the, JOURWINE o TRATRT 185 | a?b%{ca%%ﬁl %@tﬁéﬁﬁgaﬁ%ﬁgﬁﬁﬁi n
Conpar ati ve BEcarbbmate dnd hyldrogen shbomde GHY.dr ogen chl ori de gas was
gener at ed t hr oughout | _F_(i_f@?r_a le_,_rI_qu q_rbbn the thermal 15 treatnent
or heating process. Generatd on 0

_ hﬁ' rogert chl orfde gas  _ coul d be
suppressed to some ex{Bhus, potassipmr byidwgen Gurhonate reacts withthydnogens- 1, in
Conparativ : - Ae e . | dH1Briaed | G4

carbonate %ere._a I gg tgléa%?lﬁquzghfog“ ne rrﬁ%ﬁn%%g;ﬁﬁassmr%‘gem '?g ?-Iﬁ"lg (ﬁﬂeﬁg%labl e
material, resgdexidesgas. However, it was 20 confirmed that such suppression

for hydrogen chloride 1gaga¥@Sof using NgofalssiliNkarbonate (K,CO,) dd" thentrast,
I n Exanpl e 4-1_where pot asgjnum %d{tﬁge . carbonate was ed as the
@ aithg| followin

chl ori ne reno¢hloxgentemgv ge grEeachion sngm WeER of
hydrogen chl opjofigssiaim eQibchdie #fd Bgieskeibchlodiduighout the whol e

bot hes unifydr ogen calSite 8 T G2 BECE LG #L00nt Tor the ohi ori de
renmoval agent. Additi iald,potassimeicpkbenate reatts witle hyydrogensshloridedr ogen
carbonate e et 33 Ao HESAIAS mornsrt FRCIGeRIET kB et ©
hydr ogen chl ordioteideagasd. ound; however, no substantial generation of
hydrogen chloride gas Iﬁot#ed#)o%e ex erﬁ'ﬁte‘ﬁ%,e&etms?&'lgg%s fe@?ﬂ"@ﬁé fank
tenperature regions in tne eatlngp Pr’oCess.
42 15 ter the heating process had been completed. The residue was
subjected to inspection, upon which it was detected that the residue
did not contain noxious chlorine-containing gas component and
contained harmless chloride or potassium chloride. The residue was
put into water and stirred for 10 minutes, in which potassium
20 chloride was dissolved in water while carbonized materials
remained. It was also detected that the carbonized materials did not
contain chlorine-containing gas component. Accordingly, chlorine-
containing compound and chlorine component in the treatable
material can be converted into potassium chloride (KCI), water
25 (H,0) and carbon dioxide gas (CO,), and therefore hydrogen chloride
forming part of a source of dioxin cannot be formed thereby realizing
the unexpected result of making both emitted gas and residue
harmless. It will be appreciated that, in this embodiment, alkali
metal hydrogen carbonate and/or alkali metal carbonate, such as
30 potassium hydrogen carbonate and/or potassium carbonate is used
as the chlorine removal agent.
As will be understood, in the heating process in which the
reactions according to the above chemical reactions are made, XCl is



It is to be hoted in the above experinents, that potassium hydr ogen
carbonate (KHCO err]) was deconposed to separate CJerr] at a

tenperature | ower than a | evel at which hydrogen chloride (HCO) was
generated fromthe treatable material, thereby formng an 5 atnosphere
where residual KH snoothly reacted with HC generated, as foll ows:
KH+ CJerr] + HO -> KO + Herr]O + Cq4€rr] Accordi ngly,
HCl and KH snoothly react with each ot her to form harm ess chloride
(KA). 10 cont e of gal ci ym on err])
or slaked  formed. (@ %& e Xrﬂeg‘%‘?‘%(Cad)
was f or meundeéxalrimsiy gt ox dJlsso]azbmg ered‘lm\mﬂemth watér onthédikef Afteas not
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material in the process can
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the 20 treat %’sﬁe&ﬁ{r@Eﬁéiebﬁilgra‘ijéﬁiﬁﬁ&aﬁhﬁ%k%‘eﬂﬁ Bé h%ﬁbfé’&é?ﬂ  JROLHES to

become har nl ess

above were cordketddditéonally kawid (suichaas &&i’ﬁ!‘)&ﬂﬁﬁd ex the mbgierrinsing
tenperat ur e C%@hﬁm@ﬂt (h‘éﬁ'ﬂlf’ggnfﬁhﬁﬁ noﬂbh%%@é%ﬁ?é@gna'tﬁ]ek@forﬁ cap.

experlrrent resylt above. The te erature
m xture ofl thé’ﬁt @&r?eﬁ’érﬁsaﬁo addvenan Moxs \spe Y,|t§l

preferably w treisidwe rtakea oht nﬁ'bnhlt&beltaﬁlaaébﬂ#éi)ﬂs [E%f&lés%r emdrt&e deevvl
rocess of 't naipstin ERIBRES ofKPDT Lioord e xthartydhe RaboRiAath
t enper at ur e i naterials, the redidd@ isputlitito a&vater tank contBisiagseater, ‘a1n|d} Pﬁi .
e o ¢! AReRYHL bVl ol Mime (SRS HAS BRI BEE 02!
used as t A& cBubseymendlyy salidapaterials in the water tank are taken out from
43 the water tank and then are subjected to a centrifugal dehydration
to separate water content from the solid materials. The thus
dehydrated solid materials are dried and massed. Water remaining
in the water tank and the separated water content are drained
20 through a separate draining and treatment means. It will be
appreciated that carbon contents in the massed solid materials can
be used as fuel while inorganic contents in the hardened mass can be
used as materials for glass and cement. Further, as discussed above,
the residue can be separated into respective materials which are
25 different in characteristics by any separating means, upon which the
separated respective materials are dried and massed to be
effectively used as fuel or the like.
Next, a fifth embodiment of the noxious component
removal process according to the present invention will be discussed.
30 This noxious component removal process is for removing noxious
component (such as chlorine and/or sulfur) from a treatable material
(such as urban waste or trash, or industrial waste) containing the
noxious component (such as chlorine and/or sulfur). The treatable



the fol.low ng reaction is nade between potassi um hydrogen car bonat e
and hydrogen chloride (HO): KHCO err] + HO ->KO + Herr]O
+ CJerr] Thus, potassium hydrogen carbonate reacts with
hydrogen 5 chloride thereby to form harm ess potassium chlori de and

car bon di oxi de gas. I n_case of using potassium carbonate
(K[err]COJ err]) as the chl ori ne renfi¥al agent, the follow ng reaction

i s made between pot assi um car bonat e and hydrogen chloride: 10
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chl ori ne- cont & imguga§heé ﬁmm@l@%mmwwvm@mem (chlexidg ni ng
conpound and c4{ @bk RAIRAYREARNVa] BBehDEo FéredtaaRifture, théRbRIdA r&iabviE

converted  into potassiumchloride (KO), water 25 _ (Her ) and carbon
di oxi de gd9 (@gexl pontaiping I?é’r@ﬁ]é?ﬁ W@%@@WWi%‘lﬁ (E’; %QW ®art of
a source of dipxktureddtherd@llyodémend oy tHytreatdbleimaterial td féndragspect ed

appr eci at ed t HEKIORR STEORTN AERISLe FRUP sulfuRRsrngE sybstantona: o
and/or al kal i ard @auserthenabriousucdmpendit-cpntaining Bubgthimge to cahhacyt e
2017, POL a5l 4 SHLRERIS, b 56w ool SORABEGIPIE B 1
accor di ng160 thermlesseonimorindhl reactions are made, KA is
In this embodiment, the noxious component removal agent
contains at least one of alkali metal carbonate, alkali metal
hydrogen carbonate, and alkali metal hydroxide, i.e., at least one of
sodium hydrogen carbonate (NaHCO;), sodium carbonate (Na,CO,),

20 sodium sesqui carbonate (Na,CO,; * NaHCO, * 2H,0), natural soda
(containing Na,CO; * NaHCO,; « 2H,0), sodium hydroxide (NaOH),
potassium hydroxide (KOH), potassium carbonate (K,CO;), and
potassium hydrogen carbonate (KHCO,;), potassium sodium
carbonate (KNaCO,; * 6H,0).

25 In this embodiment, sodium hydrogen carbonate,
potassium hydrogen carbonate, sodium carbonate, sodium hydroxide
or potassium hydroxide is used to be mixed with the treatable
material which contains a large amount of chlorine and sulfur.
According to this embodiment, prior to a heating treatment is

30 applied to the treatable material including chlorine-containing
substance and sulfur-containing substance (substance containing
sulfur) which will respectively generate chlorine-containing gas and
sulfur-containing gas (gas containing sulfur) upon heating, the




44 - formed. KO is a harmess chloride and can be effectively renoved
under a rinsing or dissolving treatnment with water or the |like. After

the rinsing treatnent, solid residual materials or carbonized

materials remain in the tank and reusable. Accordingly, the residual 5
material s can be separated into respectl%@l materials which are

different in characteristics by any separating neans. The separ at ed
respective materials are dried and nassed to be usable as fuel ‘or the

ﬁ : ESL néﬂ?;hgfﬁn%&:%gaﬁl %@‘*ﬁéi# 3§§HF ?;% a”@&ﬁf;?ﬂ%ﬁ%? l;gﬁi&di ﬁg@%ﬁt & “3%839 be
rlezfdﬁregt?akgﬁ matén ereby\terformdthemixtamre ? ad:mﬁic iscmlixtyretinethe
:Es%% ﬁn&glr& 6’:% Fﬁtoggflgi‘f $he bﬂ‘ﬁe ontaining

pot assi um chl or| de ’he car oni'ze
material s, theuhstanceis ﬂlqmalﬂ.ﬁ cemmsed at arpradetermined temperatuned

stirred fog a ﬂh ?Q(E}} ebdndiatidg %ﬁ&ﬁleﬁﬂlﬁiﬁégkﬂtﬁﬂﬁgd%éﬁnﬁm%ﬁ]&'ﬁr- 15

Subsequent |y, nat eri al_s. |&§t he water .tank are out from t
wat er tank andﬁOPﬁémlﬁeg%% or e CHRING, §as %ﬂy‘l‘& rregptaining o

seloa(rjat et wat elr é‘soﬁhﬁ{édlﬁtél?‘ idéh‘ét SPithdtHe bekicss coﬂib@nbﬁt'&'emovaldﬁféiﬁ{ g ed
solid materia re dried, and.nass in

tank and the s‘i‘;‘a‘ér&? éermabé%”mé%ﬁ Ora‘xﬁ @aéilmgcih) ag’l%?’ﬂ@?? &Hée%gaat e
draining and tKgOpent neans. It will be appreci ated that carbon
contents |1 theész.rrétssed]E SOl | %g%t erial @1 gegﬁs%seg%%ﬁgggea%gf‘cﬁ?eﬁhg;lﬁ

I norgani c 'tontents in I"s for
gl ass and cendhustfatingea ,chderities andssdlfaboremoval gyﬁmnrbyldﬂ:@ch:aﬂhdoe '
separ at ed |nto r e s, whi_ch. 5 ifferent in

characteri sti ¢ éé)s JChslgpmﬁlHSé%lgnc?nﬁ?e] ﬁlhl ch the separ at ed
respective mat er| aI s &Pkee (whilorinenandassdfint ceeoval systeneccompirisessed as
fuel or the liga:, \means or devic Ve xhr Pﬁé&#%wﬁﬂ@é}@b@ atdkidl ueﬁxdﬁolus be

conponent re process accor d resent 1 nvention w
di scussed1530 plﬂﬁeslzadmwg ordnpeinemd tbemoaioq@r@@m@nemt Yespovalmagenty
noxi ous C(?tg%lg ”éoo(.lﬁigf Hyﬁ?ogéﬂ EAbe‘hﬁ@P‘tB rfoftﬂ dﬁ ‘iﬁ:)xtﬁ{r& nhat}fe)'r%labl €

mat eri al as _urpan Wwasl e or ras

he

cont ai ni ng t hdéreatmenbiymmasceisde %?Jaﬂdmtaﬁa tendhermixiuner ). The

treatabl e formed by the mixing dev1ce 1 is supplied into the furnace 2. The
mixture may be formed by other means or devices than the mixing
20 device 1. The thermal treatment furnace 2 is provided with a
rotating transferring means or device (not shown) which is adapted
to transfer the mixture under stirring. In the furnace 2, the mixture
of the treatable material and the noxious component removal agent
is heated in the low oxygen concentration atmosphere to accomplish
25 thermal decomposition of the treatable material. The furnace 2 is
provided with a heating coil 2 for heating the content of the furnace

2.
A residue treatment means or device 4 is provided to treat
the residue (ash) formed upon heating the treatable material in the
30 furnace 2. The residue is taken out of the furnace 2 and subjected to
a solid-liquid separation. In this solid-liquid separation, the residue
is rinsed with liquid such as water so that formed chloride and/or
sulfite are separated and removed and then taken out from a liquid



45 . material may contain polyvinyl chloride, polyvinylidene chloride,
a synthetic resin containing chlorine, a rubber containing chlorine,
so-cal | ed shredder dust (dust or trash produced by a paper-shredder),

articles formed of polyvinyl chloride or polyvinylidene chloride, used 5

tires, and formed pol ystyrene. The noxi ous conponent renoval
process of this enbodi nent conpri sef7the fol | ow ng steps in the
sequence set forth: (a) mxing the treatable material and a noxi ous

conponent (chl aride nd/ or sulfur) r al ;agent .,to forma m xture,
thgpnoxioug re‘ﬁﬁéﬂ?r% Se&ﬁé’ﬁt F2ont di i?’FSSﬁ‘TﬁD | Rolid ek ag mstaisd andhg (b)
heating the carbohided mdterinbearetaken ontfonnca shﬁdttafket(ﬁitl sectitiedbal to
te a ROXi40 | na/. or subfur).-cqnt ai ni
dobetance.  EmpffeiCi ABRRONE Mholitl Blabneml thefad 2 ad iherfifibal bty
cont act aaml eneidted gas Htreakemenk immsns:omdmécet 5r &trewiHl bagmdersinddor m a
15 harm egs Yemitted gas has. been! %(ﬂe'ﬁ Fpos sel tife ﬂ?ﬂo%s
conponent frenova agenlgﬂ. ConPai Ne A _ea.sfl oné of alkall neta
carbonat e, al keompements in the trpataljermaterishia remaved ankder thewchion of
hydr oxi de, 1. g, di r .
(Nareq err ) e, Boxd RS bofiondht, removCENIAr 4RE8GRY RALEent is
carbonate (Na[®Afpdg the introdncedyemitted gaq & the)emitded eas ment

(containing Naje#ied GOTHE kreatbdHdd &drh the2bhetiddmeddeiBehy 45 PHete
oH) , hydroxi de ot assi.um caé onat e

(Na 10, , Introgneed int (KOHK/;’ g
(K[ err] coff@r r R ed im0 3,823 TECAYERY AR BYRH OF SeKiiea$ £0% retoveE thp)gas
pot assi um sodigiinto a secehlanpcembliyied wieahs or@dvits ¥ make Sﬁcocﬁ%argn In
(11 oo e oD O caripast g potass umvdiegen
is used to be m xed wilinh thixe noxietsbéomponentradegidvill phocdscasimi thed | arge
2 heati ng ¢ r ety BPgialY tiipponent (IR, bl e BRI Fsertitg
chl ori ne- #5nt ontaiping the utisdiows eommbrmrt(s)r andntle miaxjoss: eonspureent
(pust ance. comegidlgens 536 bbbyl b ESSRBEMY LU HELSIA e,
sul fur) upon hewginggdevige 1 and sufficiently mixed with each other, and then
cast into the thermal treatment furnace 2. The treatable material
may be pulverized prior to being cast, or pulverized simultaneously
20 with mixing between the treatable material and the noxious
component removal agent. The amount of the noxious component
removal agent is within a range of from 5 to 30 % by weight relative
to the treatable material. The thermal treatment or heating of the
mixture in the thermal treatment furnace 2 is accomplished within
25 temperature and time ranges to cover the temperature and time of
generation of HCl gas and SOx gas from the treatable material, the
temperature (for example, 600 °C) and time (for example, 1 hour)
having been determined under a previous investigation. These
temperature and time are in relation to a condition (such as the size
30 and the heating coil) of the thermal treatment furnace, the
treatment amount of the treatable material, the treatment time of
the thermal treatment of the treatable material, the treatment

temperature of the thermal treatment of the treatable material.



46 . chloride renoval agent is added to and mixed with the treatable
material thereby to formthe m xture. By heating this mxture in the

| ow oxygen concentration atnosphere, the chlorine-containing subst ance
is thermal |y deconposed at a predetermi ned tenperature 5 thereby
generating harnful chlorine-containing ggé and sul fur- cont ai ni ng gas.
This chl orine-containing gas and sul fur nt ai ni ng gas immedi ately
react with the noxi ous conponent renoval agent thus to form harnl ess

T o ertmout orTheatbréothe RRS sbRHRHLRAR g arg TSHIASETE B 1

i :c I u?]t r at htr;gdq)mvhwslye determinddirundemval sufficient Hnvestightiohe andd tqlo][ ocess
t

Of b enbodt I g 38E) la i fakon for the fempluitt S Baf U1 U

treatable material (suUfhe ahemﬁal fbrd aten éxrteih ﬁbrstpramess s simydeatrad hiehingoxi ous

conponent Bem)eb?lldllﬁgﬁnt f?r ? lﬁ?ﬂllur n od| )aggotr?gnggoﬁar QBPatﬁi(?ﬁRaf orma

m Xture. A'th | i*ndri cal’ and

rot at abl e. Thederiompesition) of fthe rﬁgelam)ole ma terialnand dherefore is notpmdend into
the furnace 2 ur, ]&Qﬁ? evi.ces
than the mxi n%}irz del\llelam]ﬁ er ma treaﬂl?ent rnace % | sﬂpr%lf/l ded
with a rdmmﬁr@tana%&@rtrpﬁgab%amtm tndex thisthemmahiregtment; s
adapt ed tﬂbﬁbﬁ@H@I @ﬁnH‘S@k”’gﬁs 'éHHEHe &fFddtivelg rehét Wikh dadHagifer?, the

m xt ure of the trea g ﬁ mat eri and the,}ﬁ@f' ousﬁﬁang nent renoval
agent 10; s ypop contack Ak them. o3/ ¢ ﬁ il O FRSafRbspYE &ag Are
acconpl i sh 25 conkertal r@@y@m@by inﬁbrhzﬁfmlds@ chigfitlaind sulfitel al . The furnace
f2 S pr 0\2/| ded wi tf' at| ng COI I It&ﬁ t}é fagaﬁgg%ﬁ?@éﬁﬁgoﬁ he

ur nace
provi defl t o t reakction atﬂlb‘&pheﬁ@l oiuarémlférdmerm&dqothe bhatmahtrmmémlat atz)l e
material int n e _resi ace
and_sub] ect ed gnace cdgBEs frecl ey @nilifiohS A B b1 md Ex bt
separ ati o5 t therstablribow oxyges concendatationtatimasphere s lﬁo:aned/ansmdasﬂlet hat
formed chlori q:ﬁe?'ﬂfgl%gatmenf Mﬂéc% Tﬁ%tﬁgf)w&flﬁdltqg$é'c‘3§§é’ﬁdtoa§lgpﬁﬂen

taken out froma
fresh a1r only around the treatable material during the heating or

thermal treatment. If fresh air is supplied to around the treatable
material, there is the possibility of combustion of the treatable
20 material being initiated to make reaction stable. Otherwise, it has
been experimentally confirmed that the heating condition can be

maintained even by supplying fresh air into the thermal treatment

furnace in such a manner that fresh air reaches whole the pulverized

treatable material under a condition where unburned state of the
25 treatable material is kept.

During the thermal treatment in the furnace,
decomposition gas containing HCl gas and SOx gas are generated, in
which HCl and SOx components immediately react with the noxious
component removal agent or sodium hydrogen carbonate thereby to

30 form harmless chloride (such as NaCl) and sulfite (Na,SO;), so that
noxious HCl and SOx are removed from the decomposition gas. The
residue formed upon the thermal treatment of the treatable material



47 . -discharge section 4a. The residual solid such as netals and
carboni zed materials are taken out froma solid take-out section 4b.

Emtted gas fromthe thermal treatnment furnace 2 is introduced into an
emtted gas treatnment nmeans or device 5. It will be understood 5 that the
emtted gas has been nade harnl ess becauiﬁ t he noxi ous - conponents in
the treatable material is renoved under e action of t he noxi ous
conponent renoval agent. A necessary treatnent is made to the

i ntroduced emtted. gas in_the Ltte S Ay eat men devi ce 5. The
treated gas fr"é??:h()E pasoxiug m%‘gﬁé %ﬁgg, ﬁeﬁewp?ﬂ?’roﬁdﬁ?:%ﬁnl to a
gas recovery rthenesiduelesn be sinfulfanesuslpmadehgamless. or into a secondary
Lo be di schar gad. - 1€ Sefidd {PERAE R Hrbueh e MRAE B Al 35
usi ng the deatice/ ¢ axuk rimsedowithowater oxawohutioy sthergbyt teseparata

t ifal 1 LAl t ' d : : t
material 13 %?:g{)]@ﬁ@' BHd Qflf‘eum'k‘&ﬁﬁy%’?&ﬂ”?ﬂé‘%%{ctf%%ialﬁﬁﬂgéml n%‘éﬁ\gﬂpo”e”

renoval agent 1 as_sodiu C en carbona are c [
nm xi ng devi ce materiak (Fhe splidiresidualematiprial squtaimsieseful myetale which cast

into the the”‘ﬂ%é@ﬁ&%ﬂ@jﬁreﬁﬂéﬁﬁ?e 2. The treatable materi al may be
pul verized prior to being ,cgft, or pu] veri z&d si mul Ianeouslg 20 with
i xi ng between the tr daexeinatten; expsriments fer ArFRg out the Bexions

renoval agent .coiiforidiUpémetal PRobeds atdordiPasetis embolRBHAIWwADYY i S
within a range,.of frgqm5 tq 3 %b\r/) Wﬁ‘lﬂt rel ati.ve o,the treatable

t
mat eri al . 1§he dig@isaed (10 JYNCh: com 0 oexRefdmental pesult ds;m
thermal treat RAwebdrBRa@ples Caceocdinigl fosthed enbiddimeift) ahdnDemplaracivend ti nme

ranges to cov t he,tenperature apd tinme of ener,ation of as and
SOk gas from GHATPLER ABOk Wikip; e eqpe of the pagsent) mveniipnl ThHE'. “6oo
[err]C) and tiexperimentxdigvecretediodrjhat the haoxiogsbemmpdaént ntemeovainder a
previ ous investj gat| . ' i | ation to
B Gondi ti on ( pehtof His BHRiment oHEPRRER HaR: 3% (T8t SpilbOR s,

t r eat ment 15ur sacs ta mmke harmiesstemittedgasrandfesitduet reat abl e material, the

treatment time of  put el RSEEBImEARA BRE! nBlicl® donSRbAie AMEHAIR! - e

t r eat ment _ ] ) )
process of this embodiment was carried out by using a refused

derived fuel (referred hereinafter to as “RDF”) as the treatable
material. The RDF was formed from a waster or refuse and contains
20 the following components:
garbage including refuse of meat, fish, bone, egg-shell,
vegetable, fruit and the like;
plastic waste including polyethylene, polypropylene,
polystyrene, polyvinylidene chloride, and the like;
25 papers including tissue paper, advertisement bill, paper
bag, paper box, and paper packing for drink, and the like; and
combustibles including fiber matters such as fabric, wood
piece, rubber, leather and the like.
As a result of analysis, it had been confirmed that RDF
30 used in the experiments contained 60.173 % by weight of carbon (C),
16.277 % by weight of oxygen (0), 10.745 % by weight of silicon (Si),
7.045 % by weight of calcium (Ca), 3.314 % by weight of aluminum
(Al), 0.888 % by weight of magnesium (Mg), 0.505 % by weight of



tenperature of the thermal treatnent of the treatable materi al

48 Therefore, the above tenperature and tinme are required to be
previ ously determ ned under a sufficient investigation and to

accunul ate the data to be taken for the tenperature and tine.

The thermal treatnent in this process is bnder a heating 5 condition for
acconplishing dry distillation (or ther deconposition) of the
treatable nmaterial and therefore is not under anot her heating

condition for coRnLi.shi i L- i DCEART AtdaAN,Qf 1 he
treatabl e mat e‘?tlf%ﬁ%%ﬁﬁgzjﬁ Y’ﬁig’gg?)ﬁg&ri&gwé’gf%oﬁ?ﬂﬂeﬁ’ 6#6331 6’3?' ﬁ&l‘g}btas and
SOx gas can beofesulfar (Sl gnd dhid b5 Mothy aeaight tof rotassivmp (K)c i@l % dfy t hem
so that noxioyg dﬁm gas are converted respectively into
harm ess chl orlﬁggan(ges% Q%) In order to maintain this
heating condition, a t’&eexpenmemdmmm&cmgpmhethﬁpmmmueaﬂmm i nsi de
Lhe thermak {@Alples) used RDIECiRn oiB té@%@smdnfaan%éa&aén@

xanpl e

stabl e. For e stable | ow O concentratlon at m)sg ere i's
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Gur ng t he: hearixfparisoh Giapost (COMPaIAU TR ILOPRIAPLIBATDT | 1o
around the t ri&}lﬁgched to thﬁ&?‘ ortlﬁgnéarpiloph.eF%g EBERE]-ynFe ustion
of the treat amBI«QGzhagatmramlcohmmnmié phistit tontike 0.20CHd 0I8F VR lHye.

O herwi se, it has qaeen ex ri rren%al I éﬁ@&f med t hat the heating

condi ti on 10an Beight of chiofng ﬁ p@?@ﬁ HPn SP DG SoMBoReRt 1
thernal treat rpayer containg 02% by waight of chlorixie témpohenshAdditiswalipes

tnburned st at 081 EBRrelatbat B ARpEed BN cipealBSfhghe O B Retbit o,

the thernmal . trsedfulemmpnnene fur nace, deconposi tion gas cont al ni ng HA

gas a_nd SOx gas are ge &Qn ixf'Table ’?""Uo‘fx@eﬁgﬁgaremﬁ@yegoqﬁ

i rmedi atelé react with he NnoXi ous agen or SOdI um
r

hydrogen d&r behdexnerrereoval: agant (smhmhydmm carhonate) (wsas:laddsdmo ) and
sulfite (Na[ ergg gPrehtliteats®lé A¥dterial (crushed RDF) to form a mixture to be
heated, in Example 5-1. The chlorine removal agent (sodium
hydrogen carbonate) in an amount of 4g was added to 40 g of the
treatable material (crushed RDF) to form a mixture to be heated, in
20 Example 5-2. The chlorine removal agent (potassium hydrogen

carbonate) in an amount of 3 g was added to 40 g of the treatable -
material (crushed RDF) to form a mixture to be heated, in Example
5-3. The chlorine removal agent (sodium carbonate and potassium
carbonate) in an amount of 3 g was added to 20 g of the treatable
25 material (crushed RDF) to form a mixture to be heated, in Example
5-4. The chlorine removal agent (sodium hydroxide) in an amount of
3 g was added to 20 g of the treatable material (crushed RDF) to form
a mixture to be heated, in Example 5-5. The chlorine removal agent
(potassium hydroxide) in an amount of 3 g was added to 20 g of the
30 treatable material (crushed RDF) to form a mixture to be heated, in
Example 5-6. The chlorine removal agent (sodium hydrogen
carbonate) in an amount of 10 g was added to 40 g of the treatable
material (RDF which had not been crushed and in the form of mass)



noxi ous HCO ‘and SOx are renoved fromthe deconposition gas. The

resi due formed upon the thermal treatnment of the treatable materi al

49 contai ns no noxious HO and SOx. Thus, the deconposition gas and
the resi due can be sinultaneously nade harnl ess. The residue
I's taken out through the residue treat rreﬁ] : device 4 and rinsed with
water or a solution thereby to separate 5 chloride and the sulfite
fromthe residue, |leaving solid residual material. The solid residual

B o e M e s
removal procesgeatcwasinghedfort of powsieirraning an ayerage pall‘bclﬂssm ofi n
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-effectively react (igas and SO as m ess
enmitted gas arkad besygaushedwas used 2s th%rﬁ%aléﬁmt 131 m@aﬁaﬁv&s

conponent renigdmple 5 pr'pse%ﬁea%dtmw ﬁh’i&ﬂhaﬂrﬁeeha@tfshléﬂlﬁds gedlin using
a refused derived Léepr%g %ger r eq@gfr ei as a%DF as t rée
treatabl e angmoung;of & 2y and
contains 20 t5g. Theltpvhtd ROMeddch had been not crusheth@n@mﬁzhelfci'mdcbﬁg
(1S o BE %l ks DSBSt R e g5 90,2 S SHAThSued b GRS,
pol yvi nyl i den€Cahparatiee Excamples5id.ke; 25 papers incl udi ng
(| ogue paver SOLCT] oA il bR cach ol Nk RARMIT,
fi ber matters fellowsad prédétermined amounppfihke tredtioble materisdrwaaguthe
i ke. into a tAk%f Fathicdf aR@AnE 20 klofMAtk MRA0ES Widpttbdiat ROF
15 removal agent was added to and mixed with the treatable material
in the tank to form the above-mentioned mixture. In the experiment
for each Comparative Example, a predetermined amount of the
. treatable material was put into a tank or furnace. Then, the tank
was tightly sealed so that the inside the tank was isolated from the
20 outside air or atmospheric air in order that the mixture or only the
treatable material was subjected to dry distillation upon heating.
The thus sealed tank was stepwise heated with a heating coil, in
which heating was made at eight temperature steps of 250 °C, 300 C,
350 °C, 400 C, 450 °C, 500 °C, 550 C, 600 °C. In this heating step, the
25 . temperature at each of the eight steps was kept for 5 minutes, in
which a concentration of HCl gas and a concentration of SO, in the
tank was measured at each temperature rising time (at which the

temperature was rising from one temperature step to the next
temperature step) and at each temperature keeping time (at which
30 - the temperature at each temperature step was keeping). The
- temperature rising time is indicated as “Rising time” while the
temperature keeping time is indicated as “Keeping time” in Tables 7
and 8. The tank was provided with a gas discharge pipe through



30 wused in the experinments contained 60.173 % by wei ght of carbon (C),
16. 277 % by wei ght of oxygen (O, 10.745 % by weight of silicon (Si),

7.045 % by wei ght of calcium (Ca), 3.314 % by wei ght of al um num (A),
0.888 % by wei ght of nmagnesium (My), 0.505 % by wei ght of

50 phosphorus (P), 0.466 % by wei ggé of chlorine (d), 0.331 % by

wei ght of sulfur (S), and 0.155 % by“wei ght of potassium (K), 0.101 %

by wei ght of sodi um (Na). The experinents in connection

with the pr eseniu hnventio ‘%%ﬁe?;}‘gbﬁ?:@)gt‘} q$b%i%§vo?§t12er mal

treat ment or ch ,ggﬁn%q@tqrgﬁ%uges
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t t | rence,
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% by 10 wei ghubef awurdxmméooﬂﬁaél@anes&nln tandand) col8(htin s

t i t
P eP qenor al 3t havhich, %%9“6*@&9%%&9%3?%%%%% %S’?“’ﬂ%@%aﬁiﬂ&%@%@%‘ o
sul fur conponeneasure HCl and SO, gas eonsentrationg| Regul twf&éb.a@@@m es,

10 g of the 15ga§56ﬂ€éd%?aﬂi3ﬁ‘iﬂéésﬁ%%énﬁ %ﬁé %%W%Bl@? l%ﬁﬂPBeit Y.@S
added to e treatable er (crushed RDF) to for
m xture to be t° be nﬁ%(i E}aat tep B@&%Pgase OW@XEPH'W‘?%WPWQHW ?ﬂ
(Ratium | I8 Srnghabast ot By atsgunspatintol et o)
10 20 ExdRpl dos each Bamle ph SoRRpTATYe SRR o ta S E RS GRERRIFed.
carbonate) in xﬁaiuén(yhratwmﬁns'l‘gbluas{) ol edhchoE&antplef mdfneateseﬂieabhghest
et €TV nd ol R Y08 08 SR VAR R i
in an anount dFalleB)\os eadhﬂhmpaﬂitmpe fixamingl etindixtaties ¢hé Jowest eakus in
thi ortne remoit BSaThAd kAt AdiBondfy. Plm" S BRI Fand 8 inijtatdd
added to 46 g thfe farmt tha;anadnmgrq:ldlor(d& gahenaRUetectedf by mny of 10
times HCl and SO, gas concentration measurements to obtain the
ten actual measured values. Further, manners of post-treatment for
the noxious component removal agent were inspected and shown as
“Post-treatment for chlorine removal agent” in Tables 7 and 8.
20 The experimental results will be discussed hereinafter
with reference to Tables 7 and 8. |
Regarding hydrogen chloride gas (HCI):
(@) In case that the treatable material was crushed, a
slight amount of HCl gas was detected in Example 5-4; however, no

25 HCl gas was detected in other Examples so that the noxious
component removal agents were highly effective for suppressing
generation of HCl gas. This HCl gas generation suppression effect
was considerably high as compared with Comparative Examples 5-

1 and 5-2.

30 (b) In case that the treatable material was not crushed and
used in the form of mass, a slight amount of HC] gas was detected at
the temperature steps of 350 to 450 °C in Example 5-7 as compared
with the case that the treatable material was crushed; however, it

&)




a.mxture to be heated, in Exanple 5-5. The chlorine renoval agent
(pot assi um hydroxi de) in an anount of 3 g was added to 20 g of the 30
treatable material (crushed RDF) to forma mxture to be heated, in

Exanpl e 5-6. The chlorine renoval agent (sodi um hydrogen carbonate) in
an amount of 10 g was added to 40 g of tggntreatable mat eri al (RDF

whi ch had not been crushed and in the fo of mass)

51 to forma mxture to be heated, in Exarrple57 The chl orine

removal agent I Ny t m of owd havi avera artJ cle
si ze of 1“8"(‘}5 [cg\ﬁﬁmeq r’iﬂﬁF It?'lgx 1@% = ARE18% 4w ?:lg%% ﬁbi
Corrgarigi ve F)@gﬂ]iascdmpam&ad:hnhbthasemJCorﬁpamtmexanﬁ[dgsval agegt vvatsh
use go e tre n crushed was used as the
treatable materi al %ﬁg‘é@%ﬁ omd%éggﬁ@e 1. The treated RDF which
had been crushed was Wapdni case thasinthendveatable 20aterial twas torushed) @

ot “crushel anbat PRoaRE WBOT ggs was detedtBl ¢ A Som Dkl NebBol o

the treatabl e 484 doi 450i ¥C in E!@mpbﬁsaﬁr!/etqzﬁaﬁplb@m\@r the results of The
experiment forgpegh pﬁ%@’!ﬂé‘%&? oﬁﬂ%uétvﬂgolé%o thattﬁm%'ﬁ&%us%oﬂ&ﬁ&f‘ér&r m ned

anount of the trea to a tank or fur.nace, and
then 20 g of tMeEmORAliagents IweEm bi shiysettective, for agameaﬁa%gmamna?fd m xed

with the treatgh] eqg8! empds SO, Qs”yénbﬁﬂﬁoho élﬁfﬂﬂe's@i%nab@ﬁEcﬁdesoned

T B sl g o o b SBIPIeH Bol a5dank or

furnace. Then,z-phe tank was tightly seal ed so that the inside the tank
was isolated fromthe 20, outs r,_or .i€c air in orde at the
mxture or only the - ® In Pass HiFefie ment s matais wBs agtisighed and

distillation umd imettd fogm ofmasEha Slighs amaimtiof S0k gesswas detectedrtat ed
10 2 1St 0o,y 5P %h 8 6 BBl 880 SRR U
[err].C, 5%8 CwﬁhOtl{eecas]eCthah theitsedtable myaterigl, waserushed; however, it
was confirmed that the results in Example 5-7 was considerably
good as compared with those in Comparative Example 5-3.
As a result of the above experimental results and
investigations, it has been confirmed that HCl and SOx can be
20. generally completely made harmless by using the noxious
component removal agent containing the alkali metal compound
which effectively reacts with HCl and SOx to form harmless chloride
and sulfite. Thus, the above reveals that if the noxious component
removal agent is added to the treatable material to form the mixture
25 to be subjected to the thermal treatment, chlorine-containing gas
and sulfur-containing gas generated from the treatable material can
effectively become harmless.
It is to be noted that experiments similar to the above were
conducted heating the treatable material at a higher temperature
30 condition over 600 C, which exhibited similar experimental results
to the above. The temperature for heating the mixture of the
treatable material and the chlorine removal agent may be selected
according to form of facilities for accomplish the thermal treatment,



25 tenperature at each of the eight steps was kept for 5 mnutes, in
whi ch a concentration of HO gas and a concentration of SJerr] in the
tank was neasured at each tenperature rising time (at which the
tenperature was rising fromone tenperature step to the next

tenperature step) and at each terrperaturg keeping time (at which 30 the
tenperature at each tenperature step was ﬂ'eepi ng). The t enperat ure
rising tine is indicated as "Rising tinme" while the t enperature

Lank was. provi Gy of G BityBRel 8ERLPE: $unt R HE8 HFeathble mahid dnd "°
52 whi chtheeikend pressure generated in the tank upon heating was
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gas concentration was acco . using a detector ube accordi ng
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SJ err] gas concentrati ons. ¢ ) Sqerr .

concentr at i on waexpecad respdsdnswbigh bethrepnitedgamang residuesare madey pe
noted that tempiifRsssOf the above experinent were repeated to obtain
ten actual neasured va of .t he, hydroge as, conc ation 10 for each
Exanpl e and Conpar at i \/Jé')I Fi@,lghbf‘yim c q‘ﬁeﬁ%%fﬁhﬁ)' val ue (shown in

Talbl e 7sz IOr teach Exarfgl Swhﬁldic@ﬂﬁQﬁld&etMighwdi}rlm hyg;@bg@ni earbengbRsur ed
val ues while red,val ue (,shown. abl.e or. eac
Compar at1 19 e ARE o sedt e FrtBaites MNo6Q0, 1ot send, c3ehpRate al yes.
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rogen chl or S tected ,n any. ti mes nd. err] -
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omoval agent ikl CRECE,Redn SRALE vith noxiouG HEL REAFE cpllvefl) DC1 e
will be dilScusHéd inde dravmlass chloridg (NaCdianddceDt accrading tv reagtiom
Regar di ng hydraginhigh! Qiddes8@Sbefdrk) ‘It will be understood that sodium

potassium carbonate and sodium carbonate hydrate can also react
with noxious HCI similarly to the above.

Particularly in case of using the alkali metal hydrogen

20 carbonate as the noxious component removal agent, the following

tendency is predominant: First, CO, is separated at a temperature
below a level (not lower than 250 °C) at which hydrogen chloride
(HCI) is generated upon decomposition of the treatable material,
forming NaOH or KOH. It is supposed that this forms an atmosphere
25 in which reaction between NaOH or KOH and HCl is made smoothly.
Here, the following reactions are made:
In case of sodium hydrogen carbonate,
NaHCO, — NaOH + CO,
NaOH + HCl — NaCl + H,0
30 In case of potassium hydrogen carbonate,
KHCO, - KOH + CO,
KOH + HCl — KCl1+ H,0O



(@) In-case that the treatable material was crushed, a sl i ght anount
of HCl gas was detected in Exanple 5-4; however, no 25 HCO gas was
detected in other Exanples so that the noxious conmponent renoval
agents were highly effective for suppressing generation of HO gas.
This" HO gas generation suppression effegk was consi derably high as
conpared with Conparative Exanples 5- 1 and 5-2. 30 (b) In
case that the treatable material was not crushed and used in the form

f , | i-ght fogH t . ' t
oteps of 350 o 450 | oy NFOE $RIORESRLRL s yith HOFehRRIGLAL 02
that the treatmdwly franehaainless chlorsdeNaGbwEED, it .
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good as conpared with those in nparative anpl es. )
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detected at the .tenperaturée steps © 400 t.o, 450
to 5-6; howevedid med eent@insngxious chioringrcantaiping \gas, cgsrponents agbl e so

Suppr essi ng. gaatERerRafiless chloATe (it Chiorl 5y Dotdisluf deHAS, o'
suppr essi on ef %Feﬁg]é‘el\‘;]asM#&W@&W%ﬂ%ﬁ@a@m@énﬂﬁ% 185 tive
Exanpl els 5-1 ah@ chlori8e 2WagI dissolved in whlbér |v?hﬂ38@af1tﬂmﬁzédlﬁntalt_@ﬁﬁ_?é3| e
mat eri a S not _cru an used ,in,the m of ,mass, .a sk.ight, anount
of o1 or r J18; 0 emEntet 36 pth alpo detectE h vhE cafbieddnaten o, 50
[err] C in Exarpntain éhhwinewpataidiid gasicompdnentase that the treatable
mat eri al was crushed; It . RiLr h he pasults in
Exanpl e 5-7 was consi d&?c\ﬁﬁliﬂgly’ Ch%%aelggﬁg%%ﬁ%ke%{’ﬁgﬁh%gg ?}ﬁ%nne
Conpar ati ve Examppendnt3in the treatable magerial cas e comvertedando essodium
experinmental r : ' ' | ' fa 1 hat
1O and SOx caﬁﬁﬂ*@@oﬁ‘”@ceﬁéﬁ’gf%ﬁ“@? E?E‘i%‘?iﬁégé% Yo B30F 88 LR
noxi ous 15 dioxide gas (CO,), and therefore hydrogen chloride forming paxt of a
source of dioxin cannot be formed thereby realizing the unexpected
result of making both emitted gas and residue harmless.
(2) Regarding sulfur oxide gas (SOx):
It was confirmed that the noxious component removal
20 agent reacts with noxious SOx thereby to convert SOx into harmless
sulfite as follows:

In case that sodium hydrogen carbonate is used as the
noxious component removal agent,
NaHCO; — NaOH + CO,
25 2NaOH + SO, — Na,SO; + H,0
In case that potassium hydrogen carbonate is used as the
noxious component removal agent,
KHCO; — KOH + CO,
2KOH + SO, — K,S0O, + H,0
30 In case that sodium hydroxide is used as the noxious
component removal agent,
2NaOH + SO, — Na,SO, + H,0



conponent renoval agent containing the alkali netal conpound whi ch

effectively reacts with HCO and SOx to form harm ess chl ori de and
sulfite. Thus, the above reveals that if the noxi ous conmponent renoval
agent is added to the treatable material to formthe mxture 25 to be
subjected to the thermal treatnment, chl og#ne-cont ai ni ng gas and

sul fur-containing gas generated fromthe“treatable materi al can

effectively becone harnl ess. : It is to be noted that

experinments simlar tg_t a . ] t i I tabl e
material at a higher ?&’rg%ea?ﬁggpggé&é%ﬁldl yﬁg%ﬁ%i&eﬁd%%%fésn%ﬁ gﬁx{g( | bited
similar expericommpeientexarhoval agent; o t he above. The tenperature for heating

the m xture of the taRl e [ d the chlorine renoval agent
may be sel ected azc%égg_gigngé’fa’ &rs?njsofﬁzggi lities for acconplish the

t hermal treatnent, In case that sodium potassium carbonate is used agsthe

time of the t , ty tthetreatable mat eri al and
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real i zi ng upexpected _results in which h emtted g a resi due are

made har rﬁaé'ggr_late as the noxious gampguent cﬂeﬁb""h"’}o@%fd%tma%ﬁl QFengas

E HSH%:q tendency ibprédomifnhts Fidt! 00, $0sipaiabod a@ ot tedpebatiates 10
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, di b di b t
(Nal e 1] OtPbr Melomaslancr 1owsritham 490 *Faet i cdomiTe gxite (509 15 ©
o et o hrageneratdi Hpdeicompatlibnt |6) ihe toeoalily narenan g
pot assi um hydrlgﬁgg-f ox Kq,lgr ?g)r}ﬁt %uﬁi%_sf&a @dﬁ)tﬂcsaﬁérhéﬁn \ﬂth%%?g‘ii“%d? Hd
thereby to corwkich iéacti¢?l betweenNaOEs or HOM add $Mads made Bhgothdyor di ng
to reaction rJ qh@foﬂg“ghgﬁgagﬁgngg%grﬁad&t wi || be understood that

sodi um poI_tI%ssi um-carbon 2 rum car bonat e hydrate can al so react
wi th noxi 88s HO si ni ITar¢asetof soddunbbydrogen carbonate,

NaHCO, - NaOH + CO,
2NaOH + SO, — Na,SO, + H,0
In case of potassium hydrogen carbonate,
KHCO,; - KOH + CO,
20 2KOH + SO, - K,SO, + H,0
Thus, NaOH or KOH smoothly reacts with SO2 thereby to
newly form harmless sulfite (Na,SO, , K,SO;). '
It was confirmed sodium carbonate (Na,CO,), sodium
sesqui carbonate (Na,CO; * NaHCO, < 2H,0), natural soda
25 (containing Na,CO; * NaHCO, ¢ 2H,0), potassium carbonate
X,CO,), and sodium carbonate hydrate can react with noxious SO,
thereby to convert SO, into harmless chloride sulfite (Na,SO, ,
K,SO,) according to reaction formulae discussed hereinbefore.
Upon the above-mentioned inspection of the residue, it

30 was detected that the residue did not contain noxious sulfur-
containing gas (SOx gas) component and contained harmless sulfite
(Na,S0, , K;S0,). The residue was put into water and stirred for 10
minutes, in which the alkali metal sulfite was dissolved in water



Rarticularly in case of using the alkali nmetal hydrogen 20 carbonate as

t he noxi ous conponent renoval agent, the foll ow ng tendency is
predom nant: First, CJerr] is separated at a tenperature bel ow a

| evel (not |ower than 250 [err] C at whi ch hydrogen chloride (HA) is
gener ated upon deconposition of the trea %_?bl e material, form ng NaOH
or KOH It is supposed that this fornms an’ at nosphere 25 in which reaction
bet ween NaCOH or KOH and HO is nade snoothly. Here, the follow ng

reactions are e: . . In_case o odi u
NaHCO[ err] -> %cﬂ&fﬁgﬂ] materials'réfiafné %3%99%3@1%?!8% r] 0 30
I n case of poteasbonizedy tiatgeials adidonat eontain sulfur contai{h@(SOK) gas KOH +
qurr] KOH + HO -> KO + Herr]O

componﬁﬂ];s NaOH or KOH snpothly reacts with HC thereby to
neva y form harnl ess ch&momdmﬂydacsuﬁkﬂcpntalmng compound Afangt sadfurher nal

treatment, gf h%oﬁxgdrgéfrﬁ; ﬂﬁieSI Eaﬁaﬂ)lé r11\?;ater[1)al E%@g; S fVertO® 185 sbAfr OCESS
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chl orine-cont zijéﬁg,@& %Mowgpngl@p a)nd ca&%ha'dﬂéﬁdgggﬁ*se%@' ahigde

(sodi um chl ori ot assi um ch resi t Into
wat er and sti rthege SOx gancass beinrexpnted from generatiop, this #Hibgsol ved

in water whil Gth@ahm&pé@eémbgmtabﬁ mhAkin® Fothe dmitled'dhsabhd gesidriecd t hat
the carbonizeqd materials did not contai n chlorine-containing gas

conponent 10 armless. Accordingly, chlorine-containing conpound and
chlorine conponerTg willt be fappaccated nﬁiaet;iiai this embodimentechent o
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15 sodium -carbonate (Na,CO;), sodium sesqui carbonate (Na,CO,
NaHCO, ¢ 2H,0), natural soda (containing Na,CO,; * NaHCO, -
2H,0), sodium hydroxide (NaOH), potassium hydroxide (KOH),
potassium carbonate (K,CO,), and potassium hydrogen carbonate
(KHCO,), potassium sodium carbonate (KNaCO; » 6H,0). As will be
20 understood, in the heating process in which the reactions according
to the above chemical reactions are made, noxious hydrogen chloride
and/or sulfur oxide are converted into harmless chloride (NaCl, KCl)
and/or sulfite (Na,SO, , K,SO,), thereby making it possible to remove
noxious components (hydrogen chloride and/or sulfur oxide) from the
25 decomposition gas generated from the treatable material upon
heating. Thus, the decomposition gas or emitted gas from the
furnace can be effectively made harmless. The chloride and/or sulfite
form part of the residue and can be effectively removed under a
rinsing or dissolving treatment with water or the like. After the
30 rinsing treatment, solid residual materials or carbonized materials
remain in the tank and reusable. Accordingly, the residual materials
can be separated into respective materials which are different in
characteristics by any separating means. The separated respective



(.(2) Regarding sul fur oxide gas (SOx): It was confirmed that
t he noxi ous conponent renoval 20 agent reacts with noxi ous SOx thereby to
convert SOx into harnl ess sulfite as foll ows: I n case
that sodi um hydrogen carbonate is used as the noxi ous comnponent
renmoval agent, NaHCO err] .o> NaOH + CJ err] 25

2NaCH + S err] -> Na[err]SOerr] + H[er?? I n case that
pot assi um hydrogen carbonate is used as the noxi ous component renoval

agent, +
SsOerr] -> K| e‘PPf@Eflesr Pfc%‘%(i a}xi(gxgsssed t5d Er}sgb% e as fuelon d Fu]!r](r?é'

hydr oxi de is uAdditionallyg houaidu@Guch ascmaper)emsedefmv&heagbme rinsing
2NaOH + SO err £

6 tlfeafmeﬁ‘?ﬁl%ﬂif%ﬁﬁstngié%#% spbsiegees and Shereforpcan o
conponent renmbeailisghanged as it is to a river anélt@l seas(err] -> Klerr]sqerr] +
Herr]O In case that sodi um potassium carbonate is used as
the 5 noxious conponent renpval agent, (Na[err]HCO err] +
Klerr]COerr]) + 2SO err] -> Na[err]SOerr] + Klerr]SJerr] + 2CJerr]
Particularly in case of using the al kali metal hydrogen carbonate as
t he noxi ous conponent renoval agent, the foll ow ng tendency is

predom nant: First, CJerr] is separated at a tenperature 10 bel ow a | evel
(not lower than 300 [err]C) at which sulfur oxide (SJerr]) is

gener ated upon deconposition of the treatable material, formng NaCOH
or KOH It is supposed that this fornms an atnosphere in whi ch reaction
bet ween NaCOH or KOH.and SO err] is nade snoothly. Here, the follow ng
reactions are nade: 15 In case of sodi um hydrogen carbonat e,

-NaHCO err] -> NaOH + CJ err]



2NaOH + SO err] -> Na[err]SOerr] + Herr]O In case of

pot assi um hydr ogen carbonate, KHCO err] -> KOH + CJerr] 20
2KOH + SO err] -> Klerr]SOJerr] + Herr]O Thus, NaOH or KOH
sioothly reacts with SO2 thereby to newy formharm ess sulfite
(Na[err]SOerr] , Kerr]SOerr]). . It was confirnmed sodi um
carbonate (Na[err]CJerr]), sodium égsqui carbonate (Na[err]CJ err]
NaHCJ err] 2H err] O, natural soda 25 (containing Na[err]CJerr] .

NaHCO err] 2H err] O, potassium carbonate (K[err]CJerr]), and

sodi um car bonate hydrate can react wth noxi ous SQerr] thereby to

convert SO err] into harmess chloride sulfite (Na[err]SC{err],
Klerr]SO err]) accppaLg 1o reag n formul ae di scu%sed heL i nbef ofr e.
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and

soda (contai ni ng
pot assi um sodi um car bonat e

sodi um hydr oxi de (NaOH),

car bonat e
pot assi um carbonate (Klerr]CJerr]),

nat ur al

sodi um sesqui

2H err] O,
(KHCCggrr]),

2H err] O,

NaHCO err ]
NaHCJ err ]

15 - sodi'um carbonate (Na[err]CJerr]),
pot assi um hydr oxi de (KOH),

pot assi um hydr ogen car bonat e

(Na[err]Cg err]
Na[err] CJ err]
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66 .- WHAT IS CLAIMED | S: 1. A process for renoving a noxious
conmponent from a treatable material containing the noxious conponent,
conpri si ng the followi ng steps in the sequence set forth: 5

nj xing the treatable material and a noxi ous conponent removal agent to
forma mxture, said noxious conponent renoval agent containing an

al kali metal conpound; and G&eating said nmxture to thermally
deconpose the treatable material to generate a noxious
conponent - cont ai ni ng substance and 10 cause the noxi ous
conponent - cont ai ni ng substance to contact and react with said noxious
conponent renoval agent to forma harnl ess conpound. 2. A
process for renoving at | east one of chlorine and sulfur 15 froma
treatabl e material containing at |east one of chlorine and sul fur,
conprising the following steps in the sequence set forth:

m xing the treatable materi al andImlqu d sul fur renoval agent
to forma mxture, said chlorine r val agent contai ni ng

an al kali netal conpound; and 20 heating said mxture to
thermal | y deconpose the treatable material to generate at |east one of
a chl orine-contai ni ng substance and a sulfur-containing substance and
cause at | east one of the dhhgnmme onCeamparati subs%}F twgnd t he
sul fur - cont ai ni ng suhstance Exprple-wht et Exatpple AP ZBd Ehl ori ne
and sul fur renoval ageflehile 2p TrasredRBF ||eaSteateh®DBHf | halredtedlRDFch| ori de and
sul fite. 3. Anaprigicelss f ShF mg%ﬂﬁ?ﬂ'lnefro Sl treftable
mat eri al contair$+§r1ﬁﬁ1mﬂ e bunpllolug tfre—fottowng—stept in the
sequence set foftPemestl | —— ni|xi ng—the tr¢atable matefial and a
chlorine renoval agent tpo forma mxture, said ¢hl orine renpval agent
contai ning an alfkali et ac?;{‘%lgplpcgsggn cgn%igt_ “ﬁgﬁt‘ Cg?ﬁ%lgt_ cg%)ggt_
Temp.} Measuring | "(n5 (not (not (not {not (not
oC time
lower | lower | lower lower lower lower
than) than) than) than) than) tha;
Rising time ND ND ND ND ND ND
250 Keeping time] ND ND ND ND ND ND
Rising time ND ND ND ND ND ND
300 Keeping time| ND ND ND ND ND ND
250 Rising time | ND 7ppm ND | 20ppm 2ppm| 6ppm
Keeping time | 16ppm { 40ppm | 13ppm | 17ppm | 35ppm | 60ppm
400 Rising time | 70ppm | 35ppm | 30ppm | 13ppm [1000ppm | 60ppm
Keeping time{ 60ppm | 30ppm | 3ppm | 7ppm | 130ppm | 20ppm
450 Rising time | 10ppm 7ppm lppm 4ppm 10ppm { 10ppm
Keeping time| 2ppm 3ppm ND ND ND Sppm
Rising time ND ND ND ND ND ND
S0 cepingtme| ND | ND | ND | ND | ND | ND
Rising time ND ND ND ND ND ND
0 Keepingtme| ND | ND | ND | ND | ND | ND
Rising time ND ND ND ND ND ND
600 Keeping time| ND ND ND ND ND ND
Post-treatment for
noxious comp.
removal agent




67 - ' + heating said mxture to thermally deconpose the treatable
material to generate a chlorine-containing substance and cause the

chl ori ne-cont ai ni ng substance to contact and react with said chlorine
renoval agent to forma harm ess chloride. 5 4, A process as
claimed in Caim3, wherein said chloringé renoval agent contains at

| east one conpound sel ected fromthe group consisting of alkali netal
carbonate, al kali netal hydrogen carbonate, and al kali netal

hydr oxi de. 10 cess as tlaimed in Claim3, wherein said
chl orine %@iﬁ Q&W@PO{% ns at | east one conpound sel ected from
t he groupl. conS| stA npragess offiruremovingea vexismsatcompmuinimfrembenat e,

sodi um sesqui a;ﬁo ;&g&r rc%h%é@?ﬂﬂﬁ] ﬁﬂegh%%dji/éj% en%?gggﬁ}gnéﬂgdm

hydr oxi de, it I OXl
hydr oxi de, potthssﬂoulmaglﬁtﬁm ® tbetsaqneum carbonate, and

pot assi um godi um car bepRlige the trediahle matehidl Qﬁ&S§ Aski6h& | dwRsh dlertdl 21 M 3,

wherein the heating_step 2 I nc es t est& f heating said mxture in a
| ow oxygen  remgvalsgganicto form a mixture, saad noydens componenisremoval ai m 3,

wherein the hegldnitonit&ihing an bllEdlV@ftal Bempotmdofan@eat i ng sai d m xt ure in

a furnace which is 25 substant al. | seal d so.as.to reve ir from
bei ng suppli ed aﬂﬁnﬁ’é%‘sr E\ﬁfﬁ”@ﬁ d a}%{ rnace

| eaki ng out Ofmatenabﬁd eﬁéﬂ‘aﬂ:@@nomous coﬁ1ponent-coﬁsttQim(jh(gsﬁJt’t&'vlﬁ;a_ﬁbé.laﬁiih%lOI in

Claim3, erein th heatll%oste *udeSt“ﬁEi $3f hetlgg]n'sala

mi xture t d0ca f@Mseqh onenfrﬁf”é PUNE FURskANYS L0 ati on.
react with said noxious component removal agent to form a harmless
compound.

2. A process for removing at least one of chlorine and sulfur

15 from a treatable material containing at least one of chlorine and
sulfur, comprising the following steps in the sequence set forth:

mixing the treatable material and a chlorine and sulfur

removal agent to form a mixture, said chlorine and sulfur removal
agent containing an alkali metal compound; and

20 heating said mixture to thermally decompose the treatable
material to generate at least one of a chlorine-containing substance
and a sulfur-containing substance and cause at least one of the
chlorine-containing substance and the sulfur-containing substance
to contact and react with said chlorine and sulfur removal agent to

25 form at least one of harmless chloride and sulfite.

3. A process for removing chlorine from a treatable material
containing chlorine, comprising the following steps in the sequence
set forth:

30 mixing the treatable material and a chlorine removal
agent to form a mixture, said chlorine removal agent containing an
alkali metal compound; and



68 - 9.
renoval agent
consi sting of
suspensi on.
material is

pol yvi nyl chl ori de, pol yvi nyl i dene

A process as clained in Caim3, wherein said chlorine
is in formof at |east one selected fromthe group
mass, plate, porous body, particle, solution and

5 10. A process as clained in Caim3, the treatable

at | east one selected frﬁmthe group consisting of
B4l or | de, a synthetic resin

containing chlorine, and a rubber containing chlorine. 10 11.

A process as clained i;n Caim 3, wherej ai d | qrine repoyal ;.agent
e mixing ot ep | el SHLMITOHE f fF:Rly Bodifrose the BEREHS
wei ght rel ati vmateriahéo igenerate a chibdEneaondairdngiswbsbafice eand causeathe ni xi ng

st'ep. 15
chl ori ne
from10 to
that the

consi sting 20

HpringoBREEE SiRafe 1 Ently o Bate phBELEI LRG|
rentovah agentetiogiorny e harimless chlamder eat abl e material in case

treatable material is at | east one selected fromthe group
of polyvinyl chloride, polyvinylidene chloride, a synthetic

resin cord-ai ni ng Arpacese asaflgimed bbdrlazgnBaivhergie maddi ¢hlorine 13,
A process as CleghdPdl hekt 2oiliding ‘e18hss SAkedifibPihAselected BTN Hhsuent

in said mxing step isJn an unt o ot l.ess tha .25 em ca
equi val ent of SHONFY PWéSlﬁﬁnlgeoégﬁ@r}ét@ﬂt‘ﬁf eanhonate, gﬁ%ajbﬁgeta(ihhgamg@q al .

14. A procashonate, i dratkald ntdtal Rydrokide her conprising the step
of adding _ said chlorine renoval agent to said mxture in said 30 heating
st ep. 15. A process as clained in Caim14, wherein the adding
step 5. A process as claimed in Claim 3, wherein said chlorine

15

20

25

30

removal agent contains at least one compound selected from the
group consisting of sodium hydrogen carbonate, sodium carbonate,
sodium sesqui carbonate, natural soda, sodium hydroxide,
potassium hydroxide, lithium hydroxide, rubidium hydroxide, and
cesium hydroxide, potassium carbonate, potassium hydrogen
carbonate, and potassium sodium carbonate.

6. A process as claimed in Claim 3, wherein the heating step
includes the step of heating said mixture in a low oxygen
atmosphere.

7. A process as claimed in Claim 3, wherein the heating step
includes the step of heating said mixture in a furnace which is
substantially sealed so as to prevent fresh air from being supplied
into said furnace, in which a pressure in said furnace leaking out of
said furnace.

8. A process as claimed in Claim 3, wherein the heating step
includes the step of heating said mixture to cause said treatable
material to make its dry distillation.

* c L M $ ¥*



I ncl udes addi ng said chlorine renoval agent to said m xture before a

69 tenperature of the treatable nmaterial reaches a |l evel "at which a

t hermal deconposition of the treatable material occurs. 16. A
process as clainmed in Caim 14, wherein the adding step 5 includes adding
said chlorine renoval agent to said m xtyge after a tenperature of the
treatable material reaches a | evel at whi"Ch a t hermal deconposition of
the treatable material occurs. 17~ ‘A process as clained in daim

3, further congprising A0 Lng r. val nt, 4 0. t he
treatable mateYial in ro%%ggﬁs %&Wﬁ%@é % %’%Lﬁq‘gﬁs@ﬂ@% from
the group consrexhoval agent is inafoxiompfaati lszpstaqnengielected from the grduyp ocess
as claimed in e h atl t he
treat abl e mat e(%xgﬁt‘l at a%?eﬁrrlpe)desrgat rage’r nglo{r?llg %89 om‘gg’ol%gﬁngo a[nerr]C
19. A noxisngpensagionent renoval agent to be used In a process for
renpving ngxious conponent froma treatable nmaterial 20 containing the
noxi-ous conponent, said noxi ous component renoval tpa?nt contaj ni ng an
alkali metal cH¥pound, Aduogesmors slaimashin fdamm 3, thertzpatable mpatariabing
cont act abl e angk Riylse otn@ ée?én%d“l’rbﬂ ﬁléﬂgfmﬁyéonslsung%fwfﬁfnﬁ %ﬁ!&h&é”g

subst ance gener ted treatabl e mat eri al, ypo ¢ating said

treat abl e nat e#? Elglog'gfqnaasmt qii’é’r*ﬁ%%@%ﬁﬁ%ﬁ‘bﬁﬁ& orme, 3128 A
chl orine and Sﬂﬂfb&r (f(ﬂj’fﬁjmh ofinle0 be used in a process for renoving
at | east rae of chlorine and sulfur froma treatable material

cont ai ni na at | east one of chlorine and sulfur, said chlorine 30 and

sul fur renovallhgent cAnp¥ices®@satlaiied in rClasdn 8pwioeredn st dchlorine

removal agent in said mixing step is in an amount ranging from 0.05
to 10 % by weight relative to the treatable material at a time before
said mixing step.

15
12. A process as claimed in Claim 3, wherein said chlorine
removal agent in said mixing step is in an amount ranging from 10 to
70 % by weight relative to the treatable material in case that the
treatable material is at least one selected from the group consisting

20 of polyvinyl chloride, polyvinylidene chloride, a synthetic resin
containing chlorine, and a rubber containing chlorine.

13. A process as claimed in Claim 3, wherein said chlorine
removal agent in said mixing step is in an amount of not less than a

25 chemical equivalent of chlorine to be generated from the treatable
material.

14. A process as claimed in Claim 3, further comprising the
step of adding said chlorine removal agent to said mixture in said
30 heating step.

15. A process as claimed in Claim 14, wherein the adding step
includes adding said chlorine removal agent to said mixture before a

A



chl orine and sul fur renoval agent being contactable and able to react
with at | east one of a chlorine-containing substance and a
sul fur-cont ai ni ng substance generated fromthe treatable materi al

70 upon heating said treatable material, so as to format |east one
of harm ess chl oride and sulfite. 21. A chl orine renoval
agent to be used in a process for 5 r en¥i ng chlorine froma treatable
mat eri al containing chlorine, sai d—chl ori ne renoval agent contai ni ng

an alkali neta] co und, I d.ehlorine ye I nt ; bei ng. .
contactabl e an%e%égac{y eroga'gl}e ﬁ%{cabﬁe Iﬁﬁ*ﬁ?%??%@cso%?%"ﬁ}r% g'gﬁgl?a%ce
'gener at ed fr onthdrmalr dedomppesition ofrtiectreatablpomateraal ocpuzrai d treat abl e
material, so as to forma 10 harnl ess chloride. 22. A chl ori ne
removal agent as clainmed in Claim2l1l, wherein said al kali netal

compound i s atlBeast oA@rooessasdaimesine@ldinmid, whereinthe addingstést i ng
f al kal i - | kali
of alkall IEPtan $R0000a Me SuitPLhloTRI A eraval KEEROEY sGRT BRGRN R af%s!.@ al i

nmet al hydr oxi de. : orine reno agent_ as imed in daim
21, wherein tempexajuzeief thentreatabdeaateriak reaches,gtleyel atombachr

sel ected from thermdlNGednRyosifidnsifSiheGetalle thafsiaPo@uegMPOUNd sel ect ed
fromthe 20 group consisting of sodium hydrogen carbonate, sodium

car bonat e, sodi um sesqui carbonate, natural soda, sodium hydroxide,

pot assi um hydr gz de. | Al pirbfasdy dsOdlefitied i Glaim NBrfurihies GBiprising Cesi um
ydr oxi de,, pot assi.um car e, potassium ogen arbonat e,. an

pot assi um? di%ﬁﬁ@é{%ﬁ%ﬁ%ﬂgmmgxf agexh{%ﬁ%ﬁ%?éabﬁ%mﬁéﬁﬂ@géﬁtato be
used in a procREhateby at leastony inighstirelsedected ficor fthelphrotp onaistisg bf ur
froma treatabl e .. ganﬁat erial containing at | east one of chlorine and

sul fur, corrpri‘éﬁsrfﬂ;]:1 Spraying.

18. A process as claimed in Claim 3, wherein said heating step
15 includes heating the treatable material at a temperature ranging
from 200 to 1000 C. '

19. A noxious component removal agent to be used in a process

for removing noxious component from a treatable material
20 containing the noxious component, said noxious component removal

agent containing an alkali metal compound, said noxious component

removal agent being contactable and able to react with a noxious

component-containing substance generated from the treatable

material upon heating said treatable material, so as to form a
25 harmless compound.

20. A chlorine and sulfur removal agent to be used in a process
for removing at least one of chlorine and sulfur from a treatable
material containing at least one of chlorine and sulfur, said chlorine
30 and sulfur removal agent containing an alkali metal compound, said
chlorine and sulfur removal agent being contactable and able to
react with at least one of a chlorine-containing substance and a
sulfur-containing substance generated from the treatable material
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the follow ng steps in the sequence set forth: mxing the treatable 30
material and a chlorine and sul fur renoval agent to forma mixture,

said chlorine and sul fur renoval agent containing an al kali netal

conmpound; and heating said m xture to thermally deconpose the

treatable material to generate at | east 2 e of a chlorine-containing

71 subst ance and a sul fur-contai ni Q subst ance and cause at | east one
of the chlorine-containing substance and the ‘sul fur- containing

substance to Qﬂgii a

agent to for m@éﬁeaé’t Sgﬁ?ttﬂ n?leezgi%ﬂmi ge an ’1%# :«{tufeasg%?l\é Lf

sai d chl ori ne haxmless d@ememdau teg an al kali met aI : conpound.

25. A chlorine renoval agent as clained in Caim24, wherein sai d

chl orine renoval agent contains at |east one conpound_ selected 10 fromthe
group consisti#d-of alfafhlosineremavsdnagent dpkheiused 4 a proegesr &ofen

car bonat e, 5anC5'e§ﬁJ§ Bﬁltﬁﬁn@)ﬂéﬁxhd&eatable m@t@nal ccﬁnﬁﬂhﬁ{g RR168ABY Al
agent as cl aine aim 2 erein ] Iﬁ}glgl | 33 conpound is at
| east one corrp??&ﬁocrlbl@% wempyahagent FﬂBt“&Pé%% g atkali mgtadrcompownd; one
corrEoun ? sel egéaﬂd cfmeigmbh@moval Ay IQJeQﬂQ %bﬁtadtgbm‘ %ﬁ&@twérwy@léag@ith
carbonate, sodi um gatbo umses ate,, natu od

sodi um hydr oxﬁlenil orine; ﬁ%@gﬁ% ﬁ?gﬂ?ﬂc&e g f%in ﬁ?ﬁ? oﬁ%egrqaiﬁpfﬁ

hydr oxi de, ancknatena]:aspoﬂnlteatmgus&d twaaablwma:mmﬂaﬁoe,aspw ahﬁmura

hydrogen ﬁea)tr bopat e 1an?\f}pot assi um sodi um car bonat e. A
system fo re ge tdh one of chlorine and sul fur from a
treatabl-e material containing at |east one of chlorine and sul fur,
conprising: 2 L gg!e 8y and a
chl orine 52aznd sul f%r&r%nlgg\geﬁgovfea%t g{&{#g(rgcr%&{a}ﬁ?naxﬁﬁ?le s%u d gﬁ{rgih ne and
sul fur said alkali metal compound is at least one compound selected from

the group consisting of alkali metal carbonate, alkali metal
15 hydrogen carbonate, and alkali metal hydroxide.

23. A chlorine removal agent as claimed in Claim 21, wherein
said alkali metal compound is at least one compound selected from
the group consisting of at least one compound selected from the

20 group consisting of sodium hydrogen carbonate, sodium carbonate,
sodium sesqui carbonate, natural soda, sodium hydroxide,
potassium hydroxide, lithium hydroxide, rubidium hydroxide, and
cesium hydroxide, potassium carbonate, potassium hydrogen
carbonate, and potassium sodium carbonate.

25
24. A chlorine removal agent to be used in a process for
removing at least one of chlorine and sulfur from a treatable
material containing at least one of chlorine and sulfur, comprising
the following steps in the sequence set forth: mixing the treatable

30 material and a chlorine and sulfur removal agent to form a mixture,
said chlorine and sulfur removal agent containing an alkali metal
compound; and heating said mixture to thermally decompose the
treatable material to generate at least one of a chlorine-containing

A



renoval agent containing an al kali netal conpound; a furnace

into which said mxture of the treatable materi al and said chlorine
and sul fur renoval agent is supplied, said furnace 30 being adapted to
form therein a |l ow oxygen concentration at nosphere; and

a heating device for heating said mxturge,in the | ow oxygen
concentration atnosphere in said fur nace/l1o thermal | y deconpose

72 the treatable material so as te acconplish dry distillation of
sai d treatagble materjial,,in which.said,m xture generates, at .| east one
of a chl Gabstenen an 2 SHLLTLORLAInE, rhstanse apd caitse: af 16ASE M8 ance

and cause at |gfagheooRlo¥iné-bentdindg neulsstanaenand thbssabfie-cidaiditg 5

sul fur-cont ai nj substance to _cagnta a [ e ' i d.ghlorine

and sul fur T entmtaEEReOtaS AhRAek YA shEP o Bl SRR S
sulfite. agtiit to forva at beast onesofdi aimndedsichl@tide mnt switfiteci n sai d

noxi ous 10z conponent age ' S8 QHE%? | ected
fromthe g?oup consi st%%gna(@bg%%a?%msngﬁaﬁ%gpz%#g. e, §FE§| ) gﬂgt?ﬁe

hydr ogen car beompoundid al kali metal hydroxi de. 29. A process as
claimed in aim1l, wherein said noxious 15 conponent renoval agent

contains at |east one conpound sel ected fr_omthe(ﬂr(_)up consi sting of
sodi um hydr ogé¥®.car borachloxineirgmoval agent Bsclaimed s iGlaim24uvhergibonat e,

natural soda, edicHIdhNereNidial agent cOREARS M TeANMSRE EoBpolind¥dlB ted
hydr oxi de, rubj di um hydr oxi de, .and cesi um hydroxi de, pqtassium
car bonat e 1OpotiEe®; WBPBQ%‘?PSZBtha‘Pﬁo g %tﬁnf’ﬁﬁia% Jretal

carbonat e. hydrégen carbénffe)cesbakalrhititaEHydfo:6dal m 2, wherein said
chl orine and sul fur renoval agent contains at |east one conpound

selected from the group consisting of alkali netal carbonate, alkali
met al -26. A chlorine removal agent as claimed in Claim 24, wherein

said alkali metal compound is at least one compound selected from
15 the group consisting of at least one compound selected from the

group consisting of sodium hydrogen carbonate, sodium carbonate,

sodium sesqui carbonate, natural soda, sodium hydroxide,

potassium hydroxide, lithium hydroxide, rubidium hydroxide, and

cesium hydroxide, potassium carbonate, potassium hydrogen
20 carbonate, and potassium sodium carbonate.

27. A system for removing at least one of chlorine and sulfur
from a treatable material containing at least one of chlorine and
sulfur, comprising:

25 a device for mixing the treatable material and a chlorine
and sulfur removal agent to form a mixture, said chlorine and sulfur
removal agent containing an alkali metal compound;

a furnace into which said mixture of the treatable material
and said chlorine and sulfur removal agent is supplied, said furnace

30 being adapted to form therein a low 'oxygen concentration
atmosphere; and

a heating device for heating said mixture in the low oxygen
concentration atmosphere in said furnace to thermally decompose

—
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25 hydrogen carbonate, and al kali netal hydroxide. - 31. A process

as claimed in daim2, wherein said chlorine and sul fur renoval agent
contains at | east one conpound sel ected from t he group consi sting of

sodi um hydrogen car bonate, sodium 30 carbonate, sodium sesqui carbonate,

nat ural soda, sodi um hydroxi de, pot agsi um hydroxi de, |ithium

hydr oxi de, rubi di um hydr oxi de, and S|un1hydrOX|de pot assi um

car bonat e, potassi um hydrogen car benat e,” and pot assi um sodi um

noxi ous. comporflif TFeRiBbls mgterial so asstp acwm@ﬁ&?%él%%@&ﬁn?f sgitya

agent as cl ai nﬂéatabl@lmaberial ixhwhe¢h sgid thixtiieogenerates ab omte ofeoval

agent cont ai ns ;3 ea el

cgn3| sting of %@(é ?T%%t%?&ngbona?g,]ge a%aq*leéj S“{]f‘fr'&fs&% r‘t)ge(ril)%gar%onate
and al kal i metandicpdsexdtdeast one of the chlorine-comtainingcshatanne amehthenl
agent 533 r-éoﬁﬂ%&h%é s‘&%@f’ﬁ&%"{o EGIRNCR AP $8L ctORiH é‘éf@&hloﬁ:ﬂ aim

19 wher ei n Sal noxl o . rrponent renbva agent cont al ns at ast one
conmpound sel ecard sulfur remﬁvahgggnbatp foumsatslaasy oare ebhnumlesaiehloard

carbonat e, sodjpsigtear bonate, sodi um sesqui carbonate, natural soda,

;-1

sodi um hydr oxi de, pot assi um hydroxi de, |ithium hydroxide, rubidium
hydr oxi de, and cesi um hydroxi de, potassi um carbonate, potassium
hydr ogen g&r bonat &, pryrdsd U shdiniad 96 Qrai&arHowhkseein said nox10us

chl orine d sulfur re vaI agent 1 Achlorlnea Sl {:ﬁf{
r enoval 3 t CAMPPRLRL YeMeVel A/ Gongﬁé’rseﬁh %%ﬁtoo%wem%m SelegiRf sul f ur
renoval agent frofni QhBSgﬁIuﬂ eansisting of ikalidmethk cassbnate, alkalh iegalr oup
consi sting of .al kal i Cc rbo al k . hydr ogen car bonat e,
and al kal i ]%Y‘i‘fﬁg& %8 (ggﬁiahmata:l\hérrﬁrBHq‘ae and sul phur renoval
agent as cl f'il med in C.aim 20, V\/nerel n said chlorine and sul fur renoval
agent contai nsyqit | easp Pibeesd rgéoﬂféqnfe% ?ﬁt@fgim 1, wherein said noxious
15 component removal agent contains at least one compound selected
from the group consisting of sodium hydrogen carbonate, sodium
carbonate, sodium sesqui carbonate, natural soda, sodium hydroxide,
potassium hydroxide, ithium hydroxide, rubidium hydroxide, and
cesium hydroxide, potassium carbonate, potassium hydrogen
20 carbonate, and potassium sodium carbonate.

30. A process as claimed in Claim 2, wherein said chlorine and

sulfur removal agent contains at least one compound selected from

the group consisting of alkali metal carbonate, alkali metal
25 hydrogen carbonate, and alkali metal hydroxide.

31. A process as claimed in Claim 2, wherein said chlorine and
sulfur removal agent contains at least one compound selected from
the group consisting of sodium hydrogen carbonate, sodium

30 carbonate, sodium sesqui carbonate, natural soda, sodium hydroxide,
potassium hydroxide, lithium hydroxide, rubidium hydroxide, and
cesium hydroxide, potassium carbonate, potassium hydrogen
carbonate, and potassium sodium carbonate.
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fromthe group consisting of sodi um hydrogen carbonate, sodium

car bonat.e, sodi um sesqui carbonate, natural soda, sodi gy hydr oxi de
pot assi um hydroxi de, |ithium hydroxide, rubidium hydroXiTHs Spiges 2
hydr oxi de, potassium carbonate, potassium hydrogen 1

pot assi um sodi um car bonat e. 36. A system as ,
wherein said chlorine and sul fur refBval agent contains at

conpound selected 30 fromthe group consisting of alkali netal car bonate

al kali netal

hydr ogen carbonate, and-al kali netal hydroxide.

74 Substitute sheet - 1 1 August 2001 37. A system as
claimed in C &2n 27, wherecess aisoclabhediimeClaim 19, wherkinubdide nogioosl

agent contai ns %? E&%@ r&ﬁ%vﬁ?'ggggg%o@téﬁ%t %fjleast one coﬁlbgﬂhghgelgf:&

consi sting of %

drogen cC ona

sesqui car bondirem fhe (groups corsisting ofnabiali anetal, carbonmitepailealii metal

hydr oxi de, I It diﬂ?ﬁ@ r ?mm} &Lﬁ? d cesium
hydr oxi de, pot}g&m mcﬁgﬁg%e,apd assi um g‘h’qgm“% car bonat e,

pot assi um sodi um car bonat e.
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33. A process as claimed in Claim 19, wherein said noxious
component removal agent contains at least one compound selected
from the group consisting of sodium hydrogen carbonate, sodium
carbonate, sodium sesqui carbonate, natural soda, sodium hydroxide,
potassium hydroxide, lithium hydroxide, rubidium hydroxide, and
cesium hydroxide, potassium carbonate, potassium hydrogen
carbonate, and potassium sodium carbonate.

34. A process as claimed in Claim 20, wherein said chlorine
and sulfur removal agent contains at least one compound selected
from the group consisting of alkali metal carbonate, alkali metal
hydrogen carbonate, and alkali metal hydroxide.

35. A process as claimed in Claim 20, wherein said chlorine
and sulfur removal agent contains at least one compound selected
from the group consisting of sodium hydrogen carbonate, sodium
carbonate, sodium sesqui carbonate, natural soda, sodium hydroxide,
potassium hydroxide, lithium hydroxide, rubidium hydroxide, and
cesium “hydroxide, potassium carbonate, potassium hydrogen
carbonate, and potaséium sodium carbonate.

36. A process as claimed in Claim 27, wherein said chlorine
and sulfur removal agent contains at least one compound selected
from the group consisting of alkali metal carbonate, alkali metal
hydrogen carbonate, and alkali metal hydroxide.
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37. A process as claimed in Claim 27, wherein said chlorine

and sulfur removal agent contains at least one compound selected

from the group consisting of sodium hydrogen carbonate, sodium

carbonate, sodium sesqui carbonate, natural soda, sodium hydroxide,
5 potassium hydroxide, Lithium hydroxide, rubidium hydroxide, and

cesium hydroxide, potassium carbonate, potassium hydrogen

carbonate, and potassium sodium carbonate. |
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