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Fig. 1-1 Cumulative number of melting facilities in operation [FY 1997-2013]*"??
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Fig. 1-2 Distribution of melting facilities [FY 2013]%%
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Fig. 1-3 Breakdown of the utilization method of molten slag [FY 2013]??
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Municipal waste

Weight
Bulk specific gravity
Volume

100.0ft

333.3

100.0%

ration

0.3|t/m? m=p, Incine=
3
m

*Estimation condition

- Melting fullamount of all bottom and fly ashes
- Discharged ratio of bottom ash : 9% of waste

- Dischargedratio of fly ash : 3% of waste

- Discharged ratio of moltenslag: 85% of ashes
- Dischargedratio of molten fly ash : 8% of ashes

Bottom ash

11.3
3.4%

Fly ash

10.0

\

Humidifi—
cation
(Moisture 30%)

\ 4

Fly ash

9.0t
0.8|t/m®

3.0]t
0.3|t/m®

3
m

m

(after humidification)

7.1
2.1%

43|t
0.6[t/m®

3
m

Molten sla

Melting

10.2]t
1.6 ‘t/m3
6.4|m?

1.9%

Molten fly ash
1.0]t
0.2 t/m3

4.8|m®

Humidifi—
cation
(Moisture 30%)

\ 4

Molten fly ash
(after humidification)
1.4]t
0.4lt/m®
3.4|md
1.0%

Fig. 1-4 Estimation of the weight and volume of solids in a waste incineration and melting system

Table 1-1 Estimation of volume reduction ratio in a waste incineration and melting system

(A) Volume reduction ratio to municipal waste

Item Value
Volume
Municipal t 3 ]
before treatment unicipal wasté | m 333.3
Molten slag 3 6.4
Volume ;
after treatment Molten fly ash 34
Total 3 938
Volume reduction ratio % 97.1

(B) Volume reduction ratio to bottom and fly ashes

Item Value
Bottom ash | m® 11.3
Volume s
before treatment Fly ash m 71
Total m*| 184
Molten slag | m® 6.4
Volume s
after treatment Molten fly ash | m 3.4
Total m?® 98
Volume reduction ratio % 46.7




@ AWy, EEL

R I35 1,300 C L LD EHRBVLEE CH 5720, BRI H A A% U (LUF,
DXNs), PCB EDHERAEMNEENLHE. TNUOLEIITERIEGM L, AT 7
1> DXNs, PCB R &/ T& 5, Table1-212, 3t/ HDIE@T A 77 > b THH Z 4
BEHFE S FE 2 WHLEE L7z 5 7 — XA ORBRFEFIZ 1T DILEY) . A 2 7 DXNs
BIE AR, WRAEY)IZ KLY DXNs BT/ 503, WELER 2 i = & C DXNs #BEIX
1/100~1/100,000 @ L ~_/WZARIE L, A7 ZHIREITWTILHIERWEE 2> T 5,

Table 1-2 Measurement examples of DXNs content of treatment material and molten slag

in plant demonstration tests

DXNs content DXNs
Treatment Molten cont.ent
No. Treatment material for melting material slag ratio
[A] [B] (B/A]
ng-TEQ/g ng-TEQ/g -

1 |Municipal waste incineration ash 0.58 0.00079 0.00136
2 |Municipal waste incineration ash 0.49 0.00017 0.00035
3 |Municipal waste incineration ash + Bulk waste 3.7 0.00027 0.00007
4 |Municipal waste incineration ash 0.0063 0.000022 0.00349
5 |Municipal waste incineration ash + Waste plastic 0.0051 0.00000017 0.00003
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Table 1-3 Comparison of Pb leaching concentration in leaching tests

between molten slag, incineration bottom ash and soil

Pb [Reference] Main composition
Leaching concentration
Item Content | Leachingtest | Leachingtest | g0, | A,0, | CaO | FeO
in acid solution in water
[JLT-19*"] [JLT-46"%]
mg/ke(dry) mg/ke(dry) mg/L %(dry) | %(dry) | %(dry) | %(dry)
Environmental quality _ _ _ _ _
standards for soil 150 0.01
69 15 <0.005 35.6 17.7 315 6.6
Municipal waste I 70 31 <0005 328 220 354/ 60
molten slag
81 22 <0.005 334 19.7 28.9 71
Municipal waste
. . 160 72 0.49 254 11.9 31.8 29
incineration bottom ash
A 28 9 <0.005 69.4 15.0 0.7 3.0
Soil B 26 14 <0.005 735 15.7 0.7 34
C 28 10 <0.005 66.5 10.7 05 2.6

*1 Japanese leaching test method No.19
*2 Japanese leaching test method No.46

@ EHhLEEEICE (ESE, TAh ) eR) OB HE

B, 2 I ESETHEMT 22 LIk, EEMICEENLEeR, 7
VA ) G ARG . B TR O R B LD XK S O LY. 4 e RIS L, i (K
b)) SETHBEL, WRRIKHICIEMET 2 2 N TE 5, TOME, WA T 7 HOELE,
TNT Y B RIRE L TE D,

#i ZHOBEH) - WRLEZ W TR, #HZ AN A EREEZAL TWDL 2D, kY
FEOFFZRIM L Th, —EREOHER BN Z 5, Fig. 1-5 12, #ii ZAHBEAK S O
WRFIZEB T DB 0RO A T 7 IR IK ~D 53 Bl RO RN EH ] 2~ WA 7 7,
WEIARIKENZIICOWTRAER LK ILEOGAREZHE L, BARFMYE7Z 0 0f kR
DBATERZ RO, SRR EZREE Lz, #7c3E (Si0,.. ALOs. FeO) IZOWTiE, Hifkw
SNOBEBEZ 5T, R LIZ W2, IRIEEENEMA T 7120 SN TWDHR, Tb
7V 4&JE (Na, K). 4B (Zn, Ph) I2oWTIE, AERERNSEZ Y . EoRTE IR
JR~GE STV D

AL, ZOTEEDHBREICE S EZ L TbOTHD, HETEONEENRRD LD 3
T—ADT AT LG E LT, WMo E B L LT, Wi X 508 %2 &9




DI DI EAT 272,

100% ~

80% A

60% A

40% -

Distribution ratio (-)

20% A

O Molten fly ash
W Molten slag

Mineral element Alkali metal Heavy metal Others

0% -
~

|I .. .—
o —
o (@)

© (=
=2 N

Si02
Al203
FeO

Fig. 1-5 Measurement example of molten slag—molten fly ash distribution ratio of each element

in a melting furnace of municipal waste incineration ash
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Fig. 1-7 Flow of the minehead recycle of heavy metals contained in municipal waste
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iAte Ca(OH), ZFRITIE, 7Ah U eE|, E@&EPKREODZ 5D 5, LBn->T, EeEiia
&L TIRBIRIK DT @ L TH 5 L A D,

| 37 data | | 149 data
100
1.1 43 OOthers
27.0 )
80 - @ Heavy metal
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£ 60 53.7
‘s' [1Ca(OH)2
2
§ 40 H Mineral element
20 4 * Heavy metal : Zn+Pb+Cd+Cu+Cr+Hg
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0 4

Fly ash Molten fly ash

Fig. 1-9 Comparison of major composition between fly ash and molten fly ash
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Table 1-4 Comparison of heavy metal content between fly ash and molten fly ash

Element g Fly ash Molten fly ash
(eI (37 data) (149 data)
Zn mg/kg (dry) 7,700 31,000
Pb mg/kg (dry) 1,400 8,600
Cd mg/kg (dry) 62 290
Cu mg/kg (dry) 1,300 2,500
Cr mg/kg (dry) 330 380
Hg mg/kg (dry) 42 5.3

EAEICBIT D 2014 4D Zn, Pb D~F U 7 71— 8% 2n2h Fig. 1-10, Fig. 1-11
(2R,

Zn OFEMAEREIT58.3 Tt TH Y, FHERMRIT, WD - TR BRBESE DD - &
B, BiR, HFHSOMEAS GRE4) . BMEER-CHELTEN & L C o MR K OVH #h#e
FEBMNTOXA DA ML TeoTND, SAITERERALTND, VA 70k, o
TRTEAT S Fue R, HECHMHESRF CRET HX A NEIZONTITOIL TN DN,
UHA 7 3R01% 28% L ARVRILIZH D,

Pb DFEMAERERIT 203 Tt TH Y, HiBIFHK 0% BEE YU 7 1 H, EXHOEEM TH
V. ZOMDOK 10% 3 EE OKIER), HEREAl, 77 286 (7 ) AZNTTA), EFR
FH D BRI e NI A TSI T D, SR Zn L RIEE, 2BHAL TS, U
AT IVERT, BNy TV —DEIY AT AP FIET D728, OISR LV &< 59% & 72
STWDHR, EFEE, By 7TV —DEICEETE VIO L, @ EA~O@H AL T
L7, AR TMEMICH D,

Table 1-5 (T, FSE TOERM O ZABERFE S 448 T t 22 THAALEE L, BEHFR S
?® Zn, Pb % 100%#AMAIK & L TR L CIliomE T Lea oA &R AR R A r~d, JERl
RS D T5% HBEHIK, 25% & FRIK & L, BERIKHF D Zn, P JREIL 22 2 7L D 3B 4
Z . RIKH D Zn, Pb IREEIX Table 1-4 Ofix AW o, [LJGEICIC K D FERIAEERIL Zn TH)
357t Pb#07 St ey, ENEERDOENEI6.0%, 35%ITHET LR E -T2,
SREERDARTHD Z LITWNBRVWEETHY | Zn, Pb OATEELKDN 2010 Fk S TE
NENLT64E, 204 4 EHER STV DRI 20 EIFEEHE T2 WA ENT, Balrk
SEEER WL 2520 GEN2EERSOEBEREANEA L TN Z &
SBMNBIZIRD EERD,
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Fig. 1-10 Annual material flow of Zn in Japan [2014]*"
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Fig. 1-11 Annual material flow of Pb in Japan [2014]%®
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Table 1-5 Estimated annual production of Zn, Pb in the minehead recycling of all amounts of

heavy metals contained in municipal waste incineration ash

Bottom ash Fly ash Production ' Ratio to
Elememt ; " . i Natlonlal national
Name Content Sz Content Contained | minehead | production production
amount amount recycle
mg/kg(dry) t/year mg/kg(dry) t/year t/year t/year %
Zn 2,700 9,072 7,700 25,872 34,944 583,000 6.0
Pb 700 2,352 1,400 4,704 7,056 203,000 35

BRI A FBTH S HBERR S O ILOTE T O T O DT & U THEA 3 2 72DI2iE, Bt
TOHEBRBOHHSEZNRZ W NCEmD NP EEL 2D (Fig. 1-12), £HIZED ., &
AT 7ITHEERREDET L. EAREMICAFAT SEROBREEG9 ) A 7 b s
5 LT, WERK I ESRRESEML, E&RIA L L TOMiE? B30 | iooE Tl
BHIZIR D, T T, Wi ZHPEAKR S 23R L L, 38 2 BTN TOERED
FERCRAEIC B 2 ST IE 2. 3 3 B TIXIRM A 7 70 b O E &R O HFFEIC B 2% KL
MRz T ThAT> T,

Municipal waste Chlorides
incineration ash

Molten fly ash

Melting furnace

Minehead
recycle

%

Utilization
as
civil engineering
material

: Heavy metal

Fig. 1-12 Image of element separation using melting technique in Case 1
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Fig. 1-13 Treatment flow of decontamination soil etc. in Fukushima®
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Fig. 1-14 Estimated generation amount of decontamination soil etc. in Fukushima*”
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Fig. 1-15 Image of element separation using melting technique in Case 2
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Fig. 1-16 Changes in the import amount of phosphate rock [2005-2014]*"
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Fig. 1-17 Changes in the import price of phosphate rack [2005-2014]*"
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Fig. 1-18 Annual material flow of phosphorus in Japan [2014]
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Fig. 1-19 Comparison of the effort of sustainable phosphorus utilization and the crisis awareness of

phosphorus depletion in the countries around the world *?
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Fig. 1-20 Image of element separation using melting technique in Case 3
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Fig. 1-21 Constitution of this thesis
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WAEBGIESET A RTA — A AF TV VHHIT v 7 F 5 — (1997)

AR FER AR 21 B Rl [ Z AMERICAR D 2 A A% O O HIE SR IC DWW OF
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15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

RO 1 H 28 H)

JEAEAR - I ER 508 S R an [ —RXBEFEN) OO A E LA O FE AR 0 SR DR L2 >
W) (KR 1043 H 26 H)

AR AT HE A4S  JISK 0058-1 [ R 7 DAL W BR T IE—4 130 - v SR
Jii%] (2005)

HARTER R AL  JISK0058-2 [ 2T ZHADOA W E B 7 15— 2 350 - & A &R
Jk1 (2005)

AT ERE YA S - ISAB03L [ —ixBEFEY . F/KIGIESUTZ I & OBERIK 2 Bt b
Licar 7 U — MHE/AZ 7881 (2006)

HA T AR A 2 - JISAB032 [—fixBEZEY), T/KIGIRSULIZ L B DBERK Z @t b
L72iER AR A Z 77 (2006)

BRI« BRBEXIFEE 100319001 ST EimEn [BREEA T O MiBh &% 26k D M BEAL 73 7GR
FUEDHE (BEAIMERR |2 PR ST 2 RIS REE L RRAR O FEALS3) 12D T (SRR 22
HF3H19H)

fEEE N A ARPEEER TS ~ax 7 TSkt 2 — RS OmE 272 <2
HETROEMAT 7 (maxF 7)) AFIHORELE T — 24 2006 . p. 8-9
(2007)

—RAEFAE N B ARFEEM TS —a X7 RIS REES 2014 FER =2 X T 7
ARFHOBUR &7 — 24, p. 12-28, p. 41-50 (2015)

W N BESEAT SR TR - Rl B — IR 1TV CAL B~ = = 77 (el BB
T ) — M), EAEATEEAR/KE RS MR EHREE, (b7 LB @t p.
101-103 (1993)

BREEE HP @ BEIEWILIRE W — X BETE) LR ERE TR A A R (SRR 20~25 /) |
http://www.env.go.jp/recycle/waste_tech/ippan/index.html, Z:H& 2016-02-29

BRI SRR 25 AR AEEE Y VA 7 RIS < THRTAT 0O 43 BN K OVFF P s Ak o>
FRUZHOWT (PR 2743 A 9 H)

RO Y A 7 Ve HP - BEFE B bR AR5 ER, http://lwww.jcpra.or.jp/
recycle/related_data/ tabid/713/index.php#Tab713, Z & 2016-02-29

MSIATEE NIRRT A - @RI GRS 3 &R~ 7 U 7 /07 1 —2015 Hifh

(zn) (2015411 H 27 H)

MSIATEOE NIRRT A - & R ILY B IR 2 i &R~ 7 U 7 /L7 1 —2015 §i (Ph)

(20154211 A 27 H)
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29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)
44)

45)

MNTATBUEN A RIRAT A - GBI ENIRERE - 7T A 1 Rt 2010 (3) —4h -
figh— (2010 4F 11 H 30 H)

TG i BB MR 2R — IR ARIA T 5V A I kb~ — | R
HhR (2008)

SCEBHFA - GRS EICL D, T F =0 L A arF U LD ORERIZD
WT (CERK 2349 H 30 H)

BRli o EEEERRG ORI (A 28 4 1 A 31 HRFA)

BRIEE HP : U E G BB B AL BRIE R T A b8 S RIS D B2 @ 5 I
DG Y BEFEY) O L 7 1 — | http://shiteihaiki.env.go.jp/initiatives_fukushima/ . % F#
2016-02-29
BRIEE RAUE RS R R EITESUTAE O B EE T X D BRI Y D kAL

(ZFB N TR 722 PTG R 5 D SRR E 2 T2 HOV T (FRki 23 4210 A 29 H)

BREEE HP : RIS E WA bRk OB« ik OARDL KAERT DOIRE Y, (X
by 7 ¥ — ), BETOREY; (A by 27YvY—F) (Fpk 28 4 2 H 24 AKER),
http://josen.env.go.jp/chukanchozou/situation/. £ 2016-02-29

BB - TRTEER S RSO - BRI EINBRFE NG (R 28 454 H)

BREEE HP o o R s hE a1 o 0 b R R R e R O EZE . http://josen.env.go.jp/
chukanchozou/about/, %/t 2016-02-29

SHIGIT RIS L 28k 2 RE W5 O U AEmahER R, REEBUHRERRY T

2% 11 REEE S TR, pp. 34-54 (2016)

AKfMEE— : #230 Cs BRELATOWEEE & BREFATIRF I 1T D IR ML ERER A Rt 55
[ZOWT, BREEHBUREMR YL 56 11 [RIREH S TR4E. pp. 19-33 (2016)

INEIERR - MMBVEFAERIZ K 2o U AOMERERE, REBCHRERRYL P25 11 B
X THA%E. pp. 55-76 (2016)

KA, BYdm, i/ VE—R BHER, AL U RS & 13721022
— U Vv obosrE— BKkY —71029), KICKFHIRS (2009)

KITAK - Rt U R — KO 7272 7 a— VREE MR OB & — 4 L F
Al. Vol.37. No. 139, pp. 6-12 (2013)

KRVTAKR VU 77470 —Hiki, %I, Vol.90, No. 8, pp. 465-469 (2012)
MNATEOHE NG RIRAT A - @I &I 31L& ~7 U 7 /v 7 1n—2015 U
> (P) (2015411 H 27 H)

D. Cordell: The Story of Phosphorus (2010)
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46) [E A A ER T - HUgRE (R R T AKGESS - FAKEICR TS U CEIRIEOFL & pp. 23-34
(2010)

A7) FREFEAE, EER| : FABRENSD Y UEI T 1t 2 D%, REZE TS, Vol. 52,
No. 4. pp. 172-182 (2005)
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F2E #MHTHBINZSOBRLEIZE (TS, BRNEESREOENMSBIFHE
2-1 [FLC®IC

WRLEAT X, BB Y, WA I E ST 5 2 LIk by | KR OESE
EHACAERS SETER ORI SO TN THEB S ST L. WK PICERE T2 2
EIRTED, Wil THBEAIR S 2, 2 OIuHR I HEERE 2 I S 2 RfF C@st L, BEH)
FRSIZEHELD Po, Zn FOESE L S0 RICHHORET 5 2 L A TE L, ERITRIK % &
froBEEEIA L LCilioniEx GESEEREHML) FIMT2 2 &R T 5, £, WA 7
JHECBEAREMEN L, BEGRY A7 ORWEREME LTHDFAT L LT
x5,

ARE T, IR 2 e R 0B — A 1T & Ak < h s o Lotz ) (Fig. 2-1)
CHEATHZ EEHME LT, 3 FEHOHT ZABEHE S 2OV TEABOER M4
) B2 720 ORRE SR AT o 7o, k. AT 2 ORI S L < IZRAEIN L7 &
ONETCMED 5872 2 7 ARSI I T HERE L~ TOREMBBR 2170, bR, 2
JCHEFEIZ K D Pb, Zn OEEBUFFEIC OV TIREZT - 72,

Municipal waste Chlorides
incineration ash

Molten fly ash

Melting furnace

Minehead
recycle
Sepa-
ration
Melt Utilization

as
civil engineering
material

: Heavy metal

Fig. 2-1 Element separation Casel

“Minehead recycling of heavy metals contained in municipal waste incineration ash”

2-2 BILERZAV-EEROSMICET IBEONE

AT 2 W2 Be R O DB SV TE B R ISR % 2 MM AHERTOR T 5,
i <UEL AR, RS TORBICIWT [BEaiE] L) FEMEDNLTERY ., B
RBTHE Z IR E C LG OR THHBREREERZMBD IR Z LT, MM TH DIRFEN)
s, MEOEmWNERELND Z EARBRIICH BTV DY,
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HACAERSTE & U CARRS R e TR THOI - DI 1960 LIS TH 5, WAL (24 55)
DOF M THATIBNT, BiAbEIED DRl 2 JE T D BRICFR S & U CHRAET D htBeleds 2 B
L CHRISKFEHME T S sk (Fig. 2-27) 28 1963 4158k L. EBREZBRIE LT, MBI
fEAlE LT CaCl IR L, XL v MELT 1,250CTME 5 Z & T, FeyO3 705 Cu, Pb,
In HDOELBEE L. Fe,05 ITREEFUENE LT, Cu lSMEHURE & LCIRA Lz, fHb
DI, HALHEIE DIREHR & LT, RERDEIF A 2 0 b SEHIANSHIF S 2 W E T O 25
S5O DML T T o NEFERBRZITV, FEKH D 0, 5E% 1%L Eiz$25 2
& TR, RIBKFEOERENEMS L, EMRESOBEHARN AR THD Z 2R LI, &
RO NT, BRERBESL 5 D Cu, Zn OHALIEFIC OV CTE A0 RGT & AR BR 217\, HhAk
FHRICB O TEFEMAKF O H0, SO, B EIFRWIE N R SO, DEREMH D 7= 121X 600
~900°C DR % 208 (2@l S B 5 2 MBNE N TH D Z L &2 HE Lz,

B0 4% o A R e
~ 2 WIREE W _'___;s:’.—; T‘ fS 113 — —“_—’:7 — =) /\ | aj_
JAtSkah — R dhw (B @) (KRBT GLEEHAs) - 5 [ ‘»-,}L
) S X N, # V4 ;'7 v 3 (R IE E6)
— XA A — o [T \Se— L
T Tma) el anesmms) 25
(F L) it &% M7
p ol in ik AR S o W -
Jotis [
#X C0G LDG BFG \‘:_'--_;_i\ u_f_i —%—LA |
UREn I U0 ®iB) BROOT) A D, HEH i
I S il _:]i Lﬁ"_l_z _. TYE=P-

—_—t — —— L
r 17T T 717 7 . .
i 2\ T RS M }//Hh}—tiiﬁﬂ< -

Fig. 2-2 Business summary of Tobata factory (Kowa Seiko Co., Ltd.)”

M DOHAVHERIE AL & LTk, MO KERICEIT 5 P EDkRE", RWAHGHE - &b T 2
OHFACFER B P & Cr » Ni $85A ORBTIR T 5 Ni OFrE 0, mEBRSHIC BV CTRA
THNRFCTLRT I NEOV Ofit 1) P Iz on TR RS, o iR 2hb
7a g A~OHFACFER OB T 280Kk % F Lo, RSN A BICTE 2 HEN5EK
T 570 DX LWVEMEZ T2 MRS 5 Z &, ELEBEOBMIPI RS Th o7
PR OIS R FBEIIA BB I X 0 fifH, B Bmicdh 2 2 & EE G LT,

Flo. TNHOITENM LRI, BAEIEDO A B =X LNZFE L THEEL 2883 TH
i, TLES ik, EEEAR & L TR BEH STz CaCl, DR LS IZBE T 578 %

-28 -



To7c. ZORER. Eq. 2-DIZRT CaCl, DERLSSITE AR, IR DIREEEIZ L 6T s &
EREREIN BT D 0 IROBUG (ISEEEE k BN—EDKE) ThHhH I L, KER[REZTINT
% & Eq. (2-2). (23 &0 AL DMEE S v, ZERMIIRE 2 HCL & 70 D 2 L2 ME
L7z,

2CaCl, + 0, = 2Ca0 + 2Cl @2-1)
CaCl, + H,0 = CaO + 2HCI (2-2)
CL, + H,0 = 2HCI + 120, (2-3)

BOn P3ER. KERKFEHEKHIZET D CaCly, NaCl OFELIIGIZ OV THIZEZ T,
KRAEKFZFR DTN ZELIEFR LY L ENLTVWZ & CaCl, @723 NaCl LV bigfk =
TN & Si0, DRI X 0 BLIEMEE S D Z LS &R LTz, KITH iE CaCl,
i L LTckkx 27 v h V&R, 7 ) HHEeREOKEKFEAL T TOBLLISIC
BAE TR E R O IAF B OV TEE B IS E 2 H W iR 2170, CaO, MgO 5D
FEVEBR DN EAT U CH B LEUS HERE S 72023, Si0,, ALO;, TiO,, Clay %5 O E AN
545 2 & CHEICBLOSAE LARESNLD Z LS5 R Lz, /MRS ™ 1% HCL AT
2T KD CuO DIEAVIHIE IR L CEVE & HTEEE 2 W TR 2170 AR 1T OHCl(g)
DYEEL - W& . @CuCly(s)DERE . @CuCly(s)?D Cur,CL(l)~D 53 fiF, @Cu,ClL(1)DFEFE D JIE T it
1TL. FEHREMIC LY HCg) DL & Cur,CL()DFRIED — O DOHHIEFENIFET H = &%
R LT,

1990 FARLARRIZ IV TIE, TEBRTUALS OREERIZ AT 7o &/ U A 7 VIEDHIE S 4L, B3
WOV I AT NVRREMNI IR ST 2 e D B2 AW CTREED ) b BEESE 2 g
EE. VYA 7T DI DR & IR fFIEM T T,

il & 2023 # T S AR 2> B P, Zn, Cu G0 EAJE & SEET D -0 OB AT
W, 900C, ERFEMA N THCI A A &GS 2 Z & TI98%LL LD P, Zn ZfFEHUTHET X
Db IRBRIK PSRRI FE BFET D SRS L BSOS DIPRICR Z 570 &
B OFEHERNBEINT 5 Z &, LR A 133 hPa OFJE F T H Z LI2L Y 600°COKIR
ThH Pb, Zn ZIFIE 100%EHSEDL LN TEL I EEEWE L, Fh D 2 2y, &
ZIRIRBIIR 2 6 DR F IR FTOD Pb, Zn OEEIC OV THFFEZ LTV, Pb 3R U ik
=/ (PVC) DRI LY 90% LA EOFBIAFIRETH 2 Z &\ Zn IHMLEWIEREIC L #fkr
PER IR | B A BRI O REDO 51X PVC OB DTN TITHEBERMEL . &HI1c7
=)= NTH LA CHARDRELZRMNT D Z & TI0%LL EDOHIERNE LN D 2 L %2 WA
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Lz, B 2 38 THSEOGEA T 7 v 7 0vb W, Co ALY 2 EICHAT 512 H
R xR e Uiz Ta, Nb ZEL T XA X )LD OV T HIFZEZ 1TV, Ch &0 TRFBARD
Mo 1 BB, RFEBRMD 2 BeH D 2 BFELER 41T 5 Z & C Ta & Nb OERAYENNL S FTRE T d
D& E WA U, il & 2D 3R T S AVER A T 7B D Po DSYBEIC BT DI ATV,
N,~HCI ZRPH5 T O Pb fFIEEE L Ny-O, FRPHR L 0 & K& < HCl 3 JEICHpIT 2 2 &
JEMEWNA T ZIEE Pb fEFEE N K EZ N2 L CaCl,X° CaS OIRMIC L > TH Pb OFFEEN
RSN D Z E%adil L, M5 2 0% T« A7 LA fEmE LTHWONE A
VU LARBY (ITO) KO AESBEEED ) A 7 VTR TRAT 28BIRE XS
& L7 In O BECBT AW 24TV BRI & LT NHCL ZIRINT 25 Z 12K ITO 1220
TIX 800°C T, ABIEIZDOVTIE 400°CTC In & 80%FEEHHB I T L Z L NARETHH Z &,
SHICRFBZRNT HZ & Thn OFEMEESND Z &, ITO ZMET 2 AT 7 I
DIRFEICEY In OFEBAIHI S ND 2 EEERE LT,

2-3 H#
2-3-1 HE#

HAcix, 3 FEOHE T SABERE S 2V, Wb A b— 2 RERHT Z A BRI 2
P SN BERR S Th D, BERFR S A TBEAIEIK (LT, BEHIK) . BEAFE S B ILBEAD
JRIZ Pb e 2 L 9~ % 72 8O1Z PO i3 2 N, BHESUET 05% IR L7 b o, BEA
RS CITBHIK & MK Z P EE R (BEHIK : RIK=73 : 27) [T U TRA LERAIK T
&5, 2mm LA EOHKIITHEA T L, K% 2 mm AR ISHRTE L CEM & LTz,

Table 2-1 |\, A DRI RS R 2 7R3, o BTk D@ Y & L7z, Sl JIS K 0101 (1998)
([CHEHL L AT o 7, B2 fle, IBIESRER CMEVIE L Si0,, ALO; LIS A VAR L T-1%. il
% 5B AT A L CEEDBEEZIT > 7o, SO ERE AR L 1,0000C T 1 RFEREE L
7=t 7 v ALKFEEE T Si0, DA & MEVEEL S, T OBV EENSREZHE M L7, Ca, Al
Fe. Na, K. Zn, Pb [TJEEFHE L (H24 BRAKKIKIE 120725002 5) (ZHEHLL TiT-> 70, &k
Bha il R, 7 v LKFERR TIEG R (Al OZ I e m g b U o L CIEEE)
L. ICP 53 o3 #rat (BR) Y 472 . CIROS-120) (2 L ¥ & L7, ClIZ JISR 5202 21 (1996)
(CHERL U, AR, EERL KSR TMEGE L. WOEEEERE ((BK) A SZEUERT. U-1500) (2 X0 E
BLZ, RRCITRAE 0.1 g 28 (1+1) 20mL HC 1 BEMEN L CRBIE 2 RE L, B
GyBfE, WLIRAEAT ootk IR - B IHTESE (LECO ¥ % /R (1K), €S230) 2LV ER LT,

FEHMUITOWNTIL, 3EME BFRETH Y Si0,, CaO 7 30%Hi#%. ALO; 2 10~15%.
FeO 73 3% CTdo7-, Na, K, Zn, S, ClBEICONTIL, MIKEZIREG LIZBERIES C 2
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OER L0 HEhoTz, PhIEEIZOWTIL, PbO A2 RN L 7= BEEI% & B, TRIKEZIRES
LB S COVBEEIR S A LV bEo T,

Table 2-1 Composition of base material

Si0, | CaO | AlLO; | FeO Na K Zn Pb S Cl uc*
Name

[’ [ 1y mg/kg mg/kg o 0
%(dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry) (dry) (dry) %(dry) | %(dry) | %(dry)

Incineration ash A 346 261 138 2.7 28 1.7| 2,500 130 | 0.49 14| 043

Incineration ash B 289 294 | 1441 3.7 3.8 20| 2800| 4,700 | 0.48 16| 042

Incineration ash C 314 253 | 140 3.9 3.6 22| 11,800 2,300 [ 0.78 48 017
*UC : Unburned carbon

2-3-2 1ERURER

Pb. Zn OHZ AR S B 5 -0 OFERELEA] (LT, ) & LT, MR et
LAt LB IR RS 2 R O 2 FEEE A 2, HAEIZIE, CaCly, NaCl 38 (v
TT N RY v F X RUHR) Ftk) AW, ATEBICIE, TEMEREREE (=T L R
Y F DX N (BR) Frik) . AU =F L (LR, PE). RPF (Refuse Paper & Plastic Fuel) %
M7=, PE X LDPE XA hL, RPF IR TEARD R B il K721l D RPF TH Y |
ZIEI 2 mm A G LT L 72,

Table 2-2 1T, "R DR TS R A", T TIEZRO@EY & Uiz, Koy . fH
5y, BERFEIL IS M 8812 I[ZHEHLL TIT o 72, K4313 105°C, 2 Iefdl, JK5313 815°C. 2 Ikt
M OMBETE OEBEZAL) D, HERIITZER & OBl 2 8T T 900°C, 7 /OB O &
AP D ENENEM U, BERBIIAKS, Koy, RSOk & LTHRME L7, C. H,
N (X CHN =2 — % ((BR)/S—F o /b~— 240011 ) (2 L 0 @& L7=, S, Cl 1% JIS M 8813 (2004)
ICHELL CTiT o 72, = 2 B EF] MgO & Na,COs DIRAY)) TMEGEME L, S I2oW T
ICP Y650 bt ((BK)V 7. CIROS-120) 12XV, CLIZOWTIENSERER () H
BUERT, U-1500) IZ XV ER LTz, O Zn ks (IS & EERFZ DOAFHE) 7225 C. Ho N,
S. Cl&xZLSIWTHH L,

TEMEER D R I I 3 N EE R FE Thd o 7= DIZ%F L, PE, RPF O A[RGF IFHEH 53 OEIE
wE <, BEEKRFZOFSNE [ 1§MERK >> RPF > PE ] &7xo7,
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Table 2-2 Composition of combustible

Ve | Ady || CeEdE |l c H N o | T-s | T-cI
Name matter carbon
% %(dry) %(dry) %(dry) %(dry) %(dry) %(dry) | %(dry) %(dry) | %(dry)
A°tiva§j\dc)°arb°” 3.1 20 233 747 753| 20| 01| 205| 007| 006
PE <01 <01 99.8 02| s43| 128| <01| 28| <001| 006
RPF 8.9 42 88.3 75 651| 84| 07| 214| o001| 014

2-4 HEREMH
2-4-1 BEEHH (TG/DTA 7347)

BRI AT 5 A, MR IS BT 2B RN A OB AT 2R T 5720, BEES
Wr&47 -7z, Table2-3 12, RESGM 27T, CaCLRIED A THIT&21T o7 LT, FEHE S A
(22T CaCly RN, IO 2 &l THHT E1T > 72,

Table 2-3 Test condition [TG/DTA analysis]

Temperature rise
program

No. Sample Inflow gas

1 CaCl, 100%
2 Incineration ash A 100%

3 Incineration ash A 80% + CaCl, 20%

Constant velocity Air
(0-1,400°C, 20°C/min) | (200mL/min)

2-4-2 EEhEER

Table 2-4 |2, FBRGM A2 R T, BT OB 2N Lie TRETZHEEGHIRINGER) . 50K
T ADIEITLE Z AL S8 RGN ARG O 2 FBEORBRZ1T- 72,

AR INGER Tld, BEHFES A B - C D 3 EHICHWT, £, CaCl, ZHUKYET
TN U5 TRER ATV, HLEIEIC X % Pb, Zn OEREERN R L2 FHE Lz, BEAES B
22V T, NaCl Z# 8N L7724 E CHRBR AT o 7o, RIS, IETEIR 2 BOKETHN L 7= 544
TR 2TV, B SRS L CofMR) 12K MBRED R 2 A Lz, BRIz
S B IZDWTIX, PE, RPF ZIRIML7=KETHLRABRZIT o7, 61T, CaCly, ETEMR Z IR
AWMU TStk TR A ATV, AR LB OEA BRI OV TlA Lz, BEAIES
B ZOW T, CaCl, & PE Z AN L7256k T H R 21T o 7o, MBI I3 HE T 1,350C L L
7=

BICPEH A TRIGRER T, A S C oW T, BETREEH 2 i Io b R A, %
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RO 3 FEOBRITTHEN IR 2 W A Z il S TR A ITo 72, BLF
{bF5 PR U EHAF R A flF C R (LB L PR3 5 5B O4F H R e
B TTHEFHSUTIRRANE TR TIE L9 5358 OIF H D HET A &g L
o BB DRI EFRIRT ADRITTEN R ORI L 2o TND, T AYifE,
L3# T 1 L/min(dry), 1,350°C & L7z,

N H
YT )
H O O
ArgE F
(RSB
EoCoof 9%
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H oA
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=

=
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Table 2-4 Test condition [Melting test]

(A) Solid volatilization promotor addition test

Blend ratio of sample (by weight)
) Examination Volatilization promotor Tempe-—
No. Base material Base
contents . Chloride Combustible rature
material
CaCl, | NaCl AC PE RPF
1-1 100
1-2 Chloride 95 5
1-3 addition 90 10
1-4 80 20
1-5 | Incineration ash A ) 95 5 1,350°C
o Comb.u.stlble 90 10
addition
1-7 80 20
1-8 Combined 80 10 10
1-9 addition 60 20 20
2-1 100
Z_z Chloride gg 150
addition
2-4 95 5
2-5 90 10
2-6 95 5
2-7 90 10
2-8 | Incineration ash B | Combustible 95 5 1,350°C
2-9 addition 90 10
2-10 95 5
2-11 90 10
2-12 85 5 10
2-13 Combined 80 10 10
2-14 addition 85 5 10
2-15 80 10 10
3-1 Chloride 100
3-2 addition 90 10
3-3 | Incineration ash C Comb}J.stibIe 90 10 1,350°C
addition
Combined
o addition 80 10 10
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(B) Reductive gas addition test

Blend ratio of sample
No Base Examination (by weight) Gas composition Gas |Tempe—
’ material contents Base Volatilization (by volume) flow rate| rature
material promotor
Oxidative
4-1 %— 9
atmosphere 100 0 0, 21%-N, 79%(dry)
i i i idati 0, 1%-C0O, 10%-N, 89%(d i o
s Incineration | Mild oxidative 100 0 2 1h 2 10%-N, 89%(dry) | 1L/min 1,350°C
ash C atmosphere + H,0 30% (dry)
i 0 5%-C0O, 10%-N %
43 Reductive 100 0 CO 5%-C0, 10%-N, 85%(dry)
atmosphere + H,0 30%

2-5 HERAE
2-5-1 BMEBEHH (TG/DTA 7347)

KB RO BE BN EEE (R H S ANA T 7 %A = A, TG/DTA 6300) % T
EAToT, Wk E Pt ARSI 10mg FEEL L, bTIcBt L=, U 7 7 LU ARERC
X a-ALO; 2 10mg T L7, ¥+ U T H AL LTLELX%E 200 mL/min il S 72, HIET
27T MIFEEND 1,400°CE TOSHFAME L U, FIEHE T 20C/min & L7z, DTA OX—
ATANZEVPORY 7 IBRALNTEZ END, a-ALO; ZRAELE LT 7 7 K TOD
DTA % 7 L3 | W2 i B CRE R OFEM 247 - 72,

2-5-2 BEphEER

1) ERERRFRMGEER

BR~Y » TR E AW TITo 72, B A B O A — & (W26 mm XL 90 mm X H 14 mm)
IZ Fig. 2-3 [RTRRICHRIE L, FTEIREICTHIE LI-ER~ v 7UE (RIS E LA RUERT,
SiC & —# ., 422/ W 300 mm X D 400 mm X H 300 mm) (Fig. 2-4) (ZffiA L. 15 43RfFF
U TR L7z, B JFN T ARSI, 47 N2 Ot AZERUC K 5 B SRt i aze
K[EHKICHRFF L, 15 ittt BRR— N 2FRN LB L, 225 CHE L CHRS
ATt AT 7 WA — OBl KX BOGHRE L0 Lz, ok, &
MOSHT kL F—& Uiz, AT OBERL O ITRBEN D, Eq Q-DIZ LV IR O
BREZRH L, A%, BRA— MIERIEIR O - T2,
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AT TEEXAT THRORITLRRE
FILHROFHER%) = (1 — ) X 100 (2-4)
PUBHE B X BB O T R

! 80mm |

Al E ma«mit\/?

Sample Ceramic boat

Fig. 2-3 Filled state of sample [Solid volatilization promotor addition test]

(A) Appearance (B) Inside

Fig. 2-4 Picture of electric muffle furnace [Solid volatilization promotor addition test]
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Mass flow Electrical tubular furnace .
Ceramic tube

Gas cylinder controller Mantle (P 42mm X L1600mm)
111 ] heater Ceramic boat
I - (Sample) -
|::> v :D
Water 7 - E>
- paper
thimble
I:I Absorbing

bottle

Fig. 2-5 Schematic of experimental apparatus [Reductive gas addition test]

2-6 fBREEE
2-6-1 BEEHH (TG/DTA 5341)

Fig. 2-6 {2, CaCl,it3ED TG/DTA iR 4”3, 170°CHI#%E TORE L — 27 LK) 10% D
FEREPBED ., 770°CHHETOWREE —27 | 770~1,200°C TOHKI 40% D EEW D 2B R 5z, 170C
T TOREE — 27 EEAI1Z, CaCly-2H,0 OKFIMILEEHRE R 175°CVTHD Z L b,
REED—HR K L 72> TRY | ZOKMORBESOSITER LTz b D EBEZ HND,
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fRSSCER L7zt D L& 2 Bivd, 770~1,200°C TOE B X, CaCl, 75 CaO ~DIEHE
A L D EEFANL49.5% TH D Z &b, Bk L7z Eq. (2-1)D Cl it S IZEE K L2
DEEZLND, RAFEMKTIE. 20 CLIC X W LERNFER S ND LHHI SN D,

2CaCl, + O, = 2Ca0O + 2ClL 2-1)
0 50
\
N\ l ——_ —TG
20 Hydrate AN ——DTA

- —t 25
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40 N\ 0

) [
R L
R

TG (%)
DTA (V)

-80 L -50
v \/\r—\/
-100 75
0 200 400 600 800 1,000 1,200 1,400

Program temperature (°C)

Fig. 2-6 TG/DTA analysis result of CaCl, reagent
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Fig. 2-7 12, BEHEIFE S A @O TG/DTA iris Rz ~d, FAIRBIMEHTIX, 1,400°C £ Thi
B CHHEET 1%RE LD L) o7, DTA E—7 & LTI, 570CHHE ol — 2
R STz, BEAIR SITE £ 4105 Na, K I O@fRsUS (51213, NaCl 50 mol% —KCl 50
mol % IR A DR AL 656°C*) TN LEZbDLEEZBND, CaCly, 20%FMNEM T,
CaCl, I TORE R & Rk, CaCl, DKFWIBESOS TR 2 W e — 7 L BERED KT
CaCl, DFfiR, Cl U ISICRNT WA Y — 7 LEERD SR O, 7272, BRSO
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contained salts
-20 I 25
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A
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CaCl,, contained salts
Hydrate e
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(U] Y <
= 30 - 0o B
-40 G T2
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-50 I -50
0 200 400 600 800 1,000 1,200 1,400

Program temperature (°C)
(B) CaCl, 20% addition
Fig. 2-7 TG/DTA analysis result of Incineration ash A

-37 -



Volatilizazation ratio (%)
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® Na, K ¥ & L@t L7272 DS 23 T L ARIEIR C© CL SN Z » 722 E 2 bbb,

2-6-2 ARMEER
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HRPAMEIC I > TV DLILHEN S H S, FEECENE 2 WS CIERBRAT% Ot R & HIRE
PEEFRETH Y, MEODLTNRBEEDEREOMICEEL TCLEI LD, FoMIcE
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EEZBND,

ot (Siv Ca, Al, Fe) [Z2WTIEL, W OBEHFER SICBW T HEBUIA LR )
STz, TAH V4R (K. Na). EAJE (Pb, Zn) IZOWTIE, AERERN RO, BEH
FEX A-BIL 1.5%R1%, BEAES C1348%D Cl 22N ENEALTEY ., CLIEEDE -
T BEHFE & O 5 DB BN CHEECR N @ o T2 2 &S, BERRINGE T LA S h o Cl
D E LTER L. 74 )R, BEeRAERE, SRl Ex 65,
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Pb volatilization ratio (%)

i — e Al e ey
[€—  Mineral element metal metal

100

(o]
o

60

40

20

Volatilizazation ratio (%)

-20

Si Ca Al Fe K Na Pb Zn

(C) Incineration ash C

Fig. 2-8 Volatilization ratio of each element in the condition of no reagent addition

1)-B EEWRmIc & SIEERIEENRE

Fig. 2-9 (2, HEHE S A - B - CITBIT 5 CaCly IS CORELF ClIREE & EH4 R O K
L L ORRAETRT, B TOREAKZ STV T, CaCl, DIRMIZHE Pb, Zn OFEHBERIZIMEIC
HINL. CaCl, DIRINZ XV Pb, Zn OMEALFERENMEE SN D Z LA RS, RO
FREEIIHERZR S ORI L o THERFEETH Y . 3B CLIREE 10% T, 90%Hif% 7 Pb f# K
=KD 40% IR D Zn FEEERBE LT,

100 100 T T
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Fig. 2-9 Relation between Cl content in sample and Pb, Zn volatilization ratio

in CaCl, addition condition
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Fig. 2-10 {2, Pb f#HHECR L Zn #BER L ORRAZ /R T, WA IIMRIEORRZ R L, Pb i
KOFFH Zn R LV &) o7, Table 2-5 {2 PbCly,. ZnClL, Ol #hi V% | Fig. 2-11
ZER L OEALEOE (T M&EO%EG. MO+ClL, — MCL+1/2 0, ; M 1348 t#k) D%
AT RLX—21{t (AG") P& 7, AG BNATHRMED KE VW ILHEIE EHLW N L E T
b5 LR T, PbCL X ZnClh LV @A, Whald@m b oo, 1,000CLL EDEIR T A
G MEL HALM N LZETH D120, P X Zn L0 LHALRIE SRR <, BOERCRN S
bhiztEZEzxbh b,

100 T T
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=
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S
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= 40
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s
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0
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Pb volatilization ratio (%)

Fig. 2-10 Relation between Pb volatilization ratio and Zn volatilization ratio

in CaCl, addition condition

Table 2-5 Melting point, boiling point of PbCl,, ZnC1,*"

Compound . . . .
name MW Melting point Boiling point
PbCl, 136.3 501°C 950°C
ZnCl, 746 313°C 732°C
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Fig. 2-11 Standard free energy change in the chlorination reaction of various metal oxides

[per Cl, 1 mol]
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Fig. 2-12 12, BEHEFE S BT DWW T, HALEIE O & LT CaCly,, NaCl OZhF % g L
TfER AR T, CaCl IRNMISRIFIC % & NaCl ISt TD Po kR, Zn HHEECRITKL .
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25, NaCl (X CaCl, &l D LRMAKIEN < . HALWZEO £ E THEBILLT WD, f#
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& DAL Sy Bl C o € Al & LT CaCly, NaCl, MgCly, NH,Cl D LR A 170, NaCl
1% CaCl, &LV bHHERNR PSRN L2 WE LTV D,

_41 -




100

Pb volatilization ratio (%)

Fig. 2-12 Comparison of volatilization promotion effect between CaCl, and NaCl [Incineration ash B]
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Fig. 2-13 Saturated vapor pressure curve of CaCl, and NaCl
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Pb volatilization ratio (%)
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—2A— Incineration ash C
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(B) Zn volatilization ratio
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Fig. 2-14 Relation between combustible content in sample and Pb, Zn volatilization ratio
in AC addition condition
Fig. 2-15 12, Pb R & Zn #HCE & OB Z R~ T, EALEROLGA L FEE, W& I3
EORfRER LT,
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Fig. 2-15 Relation between Pb volatilization ratio and Zn volatilization ratio

in AC addition condition
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Pb volatilization ratio (%)

Fig. 2-16 |2, BEHIFE S B IZDW T,
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Fig. 2-16 Comparison of volatilization promotion effect between AC, PE and RPF
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Fig. 2-17 Pb, Zn volatilization ratio in CaCl,-AC combined addition condition
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Fig. 2-18 |2, BEAIFE & BIZOW T, CaCly, & DIRATINCE T 58 s o HH & LT,
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Fig. 2-18 Comparison of volatilization promotion effect between AC and PE

in combined addition condition [Incineration ash B]

2) =T R HRMEAER
Fig. 2-19 (2 BERIFE & C T DWW T, BT EE &2 II0E 3 I B IR 5 (0, 20% —N, 80%) |
PRERIEIRPHS (02 1% —CO, 10% —N, 89% + [4M4] H,0 30%) ., =ILHEFAS (CO 5% —CO,

10%—N, 85%+ [4M&] H,030%) O 3 FHFADEILIED 70 5 55 P A il TRl L 7o
FUECOESROEBREZRT, BEBILEO RO ALMT EEEBCRITE <. B RAR LM

TO Pb fHHRIT 88.9% ., Zn HHIHEIL 483% & 720 | T AT K DII0 &G MR E O E T A
P OTI L RIS, BEQBOEBREICHZI TH D Z &3 R Iz,

TEMEER 10%IRINGAE TORER A Fig. 2-19 ITOFFE L7223 | BT IR BHARSAE T HIEMER 10% T
ISRt & bl 32 L FEBCRITR S | B, IETER S% UG ERARE CTh o7z Ll S h
Do ARERTORITCIFAKSMIL, AR COETHEMAREEZRE L 2D TH
V. CO/CO, tEDY 0.5 DFFEILFIHAR T > 7203, SRIZBILIEDO T A Z VUL, B E O
FENRFOLNDLEBEZBRD,

_46 -



Volatilization ratio (%)

Pb volatilization ratio Zn volatilization ratio

88.9 B
85.1
80 71.0 ]
60 A —
48.3
40 34.6 R
20 16.7 ]
O T T T
Oxidative Mild Reductive [Ref.] Oxidative Mild Reductive [Ref.]
atmosphere  oxidative  atmosphere AC 10% atmosphere  oxidative = atmosphere AC 10%
atmosphere addition atmosphere addition
Fig. 2-19 Pb, Zn volatilization ratio in the three different gas atmosphere condition
[Incineration ash C]
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FIE HMHTHBINESIAMR S IH L DOWMENDBHENE
31 LIz

5 2 EOIEBEFITIC I T, AT AR S IS k. R A TN L AR EE S S
Z LT Pb. Zn FHOHEBEZ mARITHIWOHETE 5 2 L AR L, #fi ZHBERIL S O Pb
EEITEE ~ T mgkg TH DD, IERMLEET 99% D Pb ZHEE D EE L 7= L35 & ARl
AT 7O P REITE A~ A mgkg IR S ND, AT 7 HITHEF LIZED P 1307 A F
FHEE D — oy & L TEHEMICE D A E N D 2 DIEHMENMELS . 2T 7B KRBT TH %)
FHSNTZBRO Po it U 2 7 13 L TR,

L L, W& L~ TIE Pb OIEDBE Z 5 TH Y . ZOWEHEEIC W TIL, A 7
TR Z AR CTERR TR N OB SN D720, DN o TR, #TT I ATt
DFERMHICBNTIL, 2T 70 Pb B HREITHR C TEWIZH DL LT, AEEOREHRERIC
BT D P ISR IS 1Tk, FEHSIC L2 IED 2 E BN AL, LEMIC HERBTRNEL T
T5Z RN — AL D Y, EORD, FHIBO SRR O AT ZICH LT, A
T TR & AEECE T D Po I & OBMREZMIAT S Z ERARD LN TS,

T, AETIE, BN OHHSND AT 7255 L LT, PbiaHFHEOREZ BN
& LT BRIRINERBR) & [922 5 7B 0 2 EORBR AT 7=, [BEEAINRER] Tl
EhaR O TH ZHEERELA 7 IR TEICREORIEL I, FERE L TR ORI D X T 7 & AE
L, ZNOEHEHLE A 7 712 OV TEHRBR ATV, 2T 7B O REFA & Pb YA HIZE)
& OBRAE REBNCHA Uiz, TFERAT 73BTk, 13 MEak CTREL 7280 m S A%/ 7
ZIZOWTIRHBR ATV, FERHE A T 7 CTOMB DB A BEHERGE LTz, AT RO
51 & LTI, Si0,. CaO LISh & & 0 7= % R bl O Ha Buttk 2 R Bl T RE 22 0t i AL T
D 2 A T,

3-2 RFHIEEE L ZTOERA

WX, EAERMDOEAERTH LA T ION T A EOR, HEORE 2R TIEET
b AT TN T AEORAKIEDORIE LIRS D> TV 5, TOMEL LTIE, Eq. (3-1)
(RTIBY BRFEA A & O AEAER TR Si0,, P,0s F OFEERE LY & M EAVEM 23550 Ca0,
Na,O % OB O EEL TR EIND Z L BE0,

(AR L) O ERIE)
AL = (-1

Y (BRIUERRAL) O B R L)

-51-



i

I

AT A OWRFEILER Tl JLEY OWILE N ERIA 7 7 OSSO M2 KX L, A&
PR E BRI R A X o370, W, HAEAEAZBEREEHREEO -2 LT, £
DS, Fe b ER 4 & LT CaO,/SiO, HELL (BLF, ZRHEEE) 2 W22\,
AT 7 DEEMEZEIZI W TIL, SiO,. CaO LSO b b B8 U TR LRI 2 WV 7o iis
By AR5,

A TIL, AT TR OFHHIEEE & LT, Je PR O H 2 7o, e Paysi L
. Bk T ADHHEAM: (77 AERBFEOEBE LGN BT T AICEENDL T —T A
A (P, TI', Bi'") OISR E—2 EHBET 5 2 Lo, Dufy? 52k v Eq. 3-2) T
ERSINTHEEEATH D,

V free ™ V glass

A= (3-2)

V free” VY 02-

V glass - jjixéit*}qj‘(&@wliytob—y
Viee : HZEH (BF ARG INBRWEME) TORINE —2
vor: CaOH (BTG NEAROEM) TORRE—7

S 51T Duffy? Bl ZICRBILMT T A DS 35U TREREE (LA O IR A3 A
ST DT EIZER L. W T AN G Pauling O FEKENEEEIZ IS & BRERAVIZ LA ME L
2RO DFHEA (Eq. (3-3) &R Lz, ABFETIE, ZOFHERITHS < HEERL AR L
AT THEOFHERE L Lz, stRERICO W T bR S 0 . Bk S N3 EE
TEEZ ML LIOEERERE 2R L, EBeRRIY-o e F AbEmEa eI 7 A
~OEMOFIEZWE L TV D,

Zit; 1

S (1——)  FEL y= 136( x,— 026) 3-3)
Vi

7. 1A F A DR
i MBEBEIEYLDOIEIFA U M0, DS m/n)
xi: iFEBTFF OB

Table 3-1 (2. SiO, 50% —CaO 30% —AlL,O; 15% —FeO 15% DO#HpKk (EEX—R) AUl

LT, SiO, D 10% % eE OERLICE L L= 356 ORI O R & R, SR
HEIZE5 2555 0F5X [ Na,0 > K,0 > CaO > MgO > ALO; > FeO ] THY,
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ROEEMEDOENT ANV BB ITRDOFENRBREWVFERL > TWD 2 &b, s
HHEE CIIRBLTE R WS LRI LT, BT HR OB S 2 Ik U 7= 3H 23 7
BER BN REERIECH D L E X BN D, Fig. 3-1 12, Si0; x% —Ca0 (66—x)% —ALO; 15%
—FeO 15% —Na,0 3% —K,0 1% DOk H (EEN—R) IZBWT, SR EEEZ 0.1 056
2 ETCELSEToRMTD, I LU FRE R L OfRZ R T, @, #ihIh
BEHR STRREA T 7D "oy IR 1342 03~1.0 TH DN, HFEMERETH D & 0.57~
0.65 IZAHY L, JeRUEILE O PWEMEDOZ bR & LTINS WEIBREIRE TH 5 Z &1
M5,

il

Table 3-1 Increase or decrease of optical basicity in the case of substituting 10% SiO, for other oxides

in the composition of SiO; 50%—CaO 30%—Al,0; 15%—FeO 15%

I D Two—component
Substitute oxide Optical basicity nf:reast? or e.cr.ease basicity
in optical basicity ..
(2-basicity)
Base composition® 0.598 - 0.60
10% Al,O4 0.613 +0.014 0.75
10% FeO 0.607 +0.009 0.75
10% MgO 0.631 +0.033 0.75
10% Si0, —

10% CaO 0.641 +0.043 1.00
10% Na,O 0.649 +0.051 0.75
10% K,0 0.647 +0.049 0.75

* SiO, 50% — CaO 30% — Al,05 15% — FeO 15%

0.75
0.7
z
£ 065
"
©
Qo
S o6
S
S
Si0, x%—Ca0 (66-x)%
0.55 -ALO, 15%—Fe0 15% [ |
-Na,0 3%-K,0 1%
0.5 ! !
0 0.5 1 15 2

Two-component basicity (2-basicity) (-)

Fig. 3-1 Relation between two-component basicity (2-basicity) and optical basicity

in the composition system of SiO; x%—CaO (66-x)% —Al,03 15%—FeO 15%—Na,0 3%—K,0 1%
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-3 HH
3-3-1 EREERMEER

[El iR AR A AT O FEHi i > D P ST SAWEA 7 712, AT 7 ORIt R TH
% Si. Al, Ca, Fe, Na, K OWND | DO TEOIEWHAE (2T I/~T LR v F Ty
IRV (RR) FEk) 2 FTEEIE CHIN L CHARL L B2 DDA T 7 2 ERL L TRk & LTz,
Table 3-2 ICA T 7 OBRERIZK T DIRAEFMEZ R, RINNFELEDT2T &L LT,
Si. Al, Fe lZ 2\ TIFIbildE% | Ca, Na, KIZOWTIEHFIR CIEMIEMI P ARELE TH 5
Tesd, IRERERAIEZ AN L7z, IINIREEI Siv ALl Ca I[22UWTIE 20%., Fe, Na, K (T2
TIH 10%E Lz, B, IWINBEZETNETHL, £z, AEXNGTHETHS Pb 2O
T, BRI OB E SN2 0D BRI IS LTI T RE e Pb B2 RS H 57
D, REMILHE T PO RIE (T 7 ~T N RU »F Vv R BR) Fifk) 2 1.1% (Pb & LT 1%)
WLz,

FEEIIL FOFIRTIT o 72, AT 7 &K rFERIE, PbO RIELTEHIEG THEREG LT

X FOER~ v ZVFICHA LT 2 RERINEAL . sl L7z, £k, A7 72 L,
ZEAPTCTHAMA LT, 20T L4l L CHLEA TR L. 1~2 mm FE5 O b O &5k &

L7,

Table 3-2 Blend ratio of sample before re-melting [Reagent addition test]

" Condition Blend ratio of sample (by weight)

Slag Addition element PbO
1 No addition 98.9% - 0% 1.1%
2 Si addition 78.9% Sio, 20.0% 1.1%
3 Al addition 78.9% Al,O,4 20.0% 1.1%
4 Ca addition 78.9% CaCO, 20.0% 1.1%
5 Fe addition 88.9% FeO 10.0% 1.1%
6 Na addition 88.9% Na,CO, 10.0% 1.1%
7 K addition 88.9% K,COy4 10.0% 1.1%

Table 3-3 (2, FUBIOMAB K OHEELE 2R3, 2 5iEIEL. Mg DISMZ W TiE, 2-3-1 1272
HLUTEMOSH HIELER—& Lz, Mg I2OoWTIE, EERAEFIE (H24 BRKKAKZR
120725002 ) (ZHEHLL TIT o7z, Bt ffle, WiEHREmR. 7 v LKEER TMES L. ICP
I HTER (BK)Y 2. CIROS-120) IZ XV ERE LT,
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I U720 B ORI AR E @ 0 (¥ L, BerEoc (Siv Al 23N L 724 CIddE
BN U, RN TTR 2RI U750 CITEEEE SN Lz, P BRI, FHARIC—
E R L7 72D RINREE X 0 KV 150~2,100 mg/kg & 72 o 72,

Table 3-3 Composition and basicity of sample [Reagent addition test]

si0, | A0 | Ca0 | Feo | Na | K | Mg | zn | po [OPHCA| 27
No.l  Condition basicity | basicity

W) | W) | wany) | 5e) | o) | s | sy | | TEREL - -
1| Noadditon | 402 | 236| 296| 21| 23| 088| 20| 370|2,100| 0628 074
2| Siaddiion | 540| 195|231| 18| 19| 076| 16| 200|1500] 0590 | 043
3| Aladdtion | 32.1|436|183| 17| 19]|072| 10| 300| 690| 0607| 057
4| Caaddition | 336|186 436| 16| 16| 045| 15| 48| 150 0673| 1.30
5| Fe addition | 37.9| 230| 266| 70| 22| 077| 17| 91| 440] 0620| 070
6| Naaddition | 37.0| 21.7| 261 | 17| 90| 094| 17| 210| 580 0655| 0.71

K addition 366 21.1| 259 20| 23| 824| 17| 240| 670 0.653 0.71

~

3-3-2 ERFYURER

11 fas DIRELAER T SRR 2 Z 7 (LUFL BB T 7)) | 2 fiak O B i 2 At
A7 (LLF, BRAAT V) KOt#EgExtg e LT 6 O HEARE L Uiz, #iM 2 A%
AR T ZITERABM,. 27 V= NABM Vo P O E L CHRIH SN 5 6
NN, BEA g E L THWE, BEHT, 2 mm 2L EOHKWITHFEL T 2 mm R
Wi & Les, 2R LIS ORTLEEEIIATHO T, 2O E R Lz, BB Z 70 11 i
®IT, ATHEEEREIREME 2 AT 5 £ CTh o, BRAARAT 7O 2 MisklLFEiizx Th
Do THEIZBIVEHIG THREL L7 6 O T, 3 3B E 158, 2 OB iy 38 1 B0k L
HwrETH 2,

Table 3-4 |2, B OMAL K CHEEE 27”7, o GiEIE, SRSEIINEER & [FER, 2-3-1 1250
LI M O HIEL Rl — & Ui, B8 ZHERA 7 7138 7 7, ERAR 7 7k
IZ Si0,. ALO;, CaO, FeO # £k & T DM CThHho72, 70 Ua)E (Na, K) OIREITE%
FLEE . BHAJE (Zn, Pb) OEE I+ ~ETF mgkg TH-o7-, FrUxk L, 31X Si0,. ALO;
HERET DM TH 0Tz, T ) BE ORI YL T Z A 7 7 & [,
HAJR ORI A~ E mgkg THTT ZAEREA T 7 L0 IR -7, Fig. 3-2 12, #iliZ
HIREA T 7 OHRT, HMFHEEREN R BN -T2 AT 7 A1, FRETHST-AT 7 A5,
RbEMNOTEAT T A6 DML ZRT, HFHEERERES N -T2 AT 713 L, BT HETH
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% SiO, DIREIMELS | WIEMITTHETH LT ANV @JE, TA0 Y THEIE ORE DS & OME W

MR BN,
Table 3-4 Composition and basicity of sample [Actual slag test]
Number | Si0, | Al,O;| CaO | FeO | Na | K | Mg | zn | pb [OPHo2!| 27
No. CeSitication of basicity |basicity
Samples | o(yr) | %(dry) | %Cary) | %(dry) | %Cdry) | %Cdry) | %Cdry) ’“(if ;g ”zj: ;)g - -
A-1 4 57.3 99| 176 6.3 1.7 1.9 0.5 | 1,500 310 || 0.569 0.31
A-2 3 391 | 157 | 274 5.2 2.3 1.3 2.2 | 2,300 39| 0.625 0.70
A-3 3 350 | 136 | 31.6 3.7 3.3 0.7 1.6 | 1,800 36 | 0.643 0.90
A-4 2 354 | 16.2| 256 6.6 25 1.0 1.7 |1 4,000 68 | 0.616 0.72
A-5 o 2 388 | 185 | 200 | 16.5 2.3 1.3 1.8 [ 2,900 300 | 0.594 0.52
A-6 Munlctlpal Fuel 1 349 90| 320 6.5 3.8 0.8 1.4 (5,100 162 | 0.652 0.92
A-7 ;lei; 1 347| 219| 255| 86| 24| 07| 23[3500| 160] 0622| 073
A8 ] Cag | 328|220[354] 60[ 15| 04| 26[3200] 70| 0.650 | 1.08
A-9 1 341 | 189 | 28.2 2.7 3.8 09 1.7 | 3,300 330 || 0.643 0.83
A-10 1 35.1| 15.7 | 301 3.6 3.0 1.1 1.7 | 2,300 130 | 0.644 0.86
A-11 1 466 | 172 | 214 25 1.6 1.7 1.5 ] 3,000 180 || 0.596 0.46
B-1 Elec— 2 472 212 | 209 4.5 41 14 1.4 970 63 | 0.603 0.44
B-2 tric 1 376 | 168 | 32.7 1.6 29 1.2 14 640 11| 0.647 0.87
c-1 1 694 | 150 0.7 3.0 1.1 25| 034 110 28| 0513 0.01
Cc-2 1 63.1| 15.1 1.6 50 1.5 1.7 | 0.30 130 16 | 0.517 0.03
c-3 Soi 1 735 | 15.7 0.7 3.4 1.1 23| 0.30 150 26 | 0.511 0.01
c-4 1 66.5 | 10.7 0.5 26 1.2 21| 0.34 140 28 | 0.509 0.01
C-5 1 795 8.9 1.0 1.0 1.8 24| 0.28 74 20 || 0.508 0.01
Cc-6 1 711 | 134 1.0 4.0 1.8 24| 029 100 17 || 0.515 0.01
100
Na,O0
= +K,0
X go 2
§ mCa0
£ +MgO
2 60
] FeO
5
w 40
° m AI203
g
S 20
o m SiO2
0
Slag A-1 Slag A-5 Slag A-6
Optical Low Middle High
basicity (0.569) (0.594) (0.652)

Fig. 3-2 Composition of Slag A-1, Slag A-5 and Slag A-6 [Actual slag test]
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3-4 HERAE
3-4-1 BHHER
1) BRAHEER

BRI COR LR O T 4| HI5 BRIEE &R 19 R (LLTF, 19 53BR) 12XV
#Afl L 72, Table 3-5. Table 3-6 |2 19 iR O E ., BT IELZ E N EIURT, 19 5alBRiT 175
Qg2 BER IR L2H60 Y 27 | 2T 25 A RREFIETH L2, HRAH
#E L7 INHCHRIER T COBEHRBR L > T D,

BRI ZHZAEL 6 g Z# RV LY | 1 mol/L ¥EFRVANZ % 200 mL Nz CTER L, IEL 558
200 [F1/43C 2 KR & 5 LT, £Dk, 045um AT T 07 4 HTABL, HONTE
M o Si, Ca, Al, Na, Pb R % ICP RN NAHTER (BR)V 2. CIROS-120) 1ZLD
Em L7, RGOk SERELOEHKRFTOSTRRBEN S, 2FHE GURERORMD %)
FOKTEROWHELZEM L, TNUOZENEOEIE L L2772,

2) KBHHER
KHFTOEITLROEMFEEZ | H3 BETEHRE 46 5Bk (LT, 46 5ikBh) (12 X0 3
L7z, Table 3-5, Table 3-6 |Z 46 iR E R, ABATIEZ ML L7z, 46 HakRiE [ 15
TG INRIR LT PR ERR LB A DY A7 | 5l 2R EFE L TH D720,
Hit K AR LT A KR CTOR R & 725> T 5,

Table 3-5 Meaning of leaching tests

JLT-19 JLT-46

Name (Japanese leaching test method No.19) (Japanese leaching test method No.46)

150mg/kg 0.01mg/L
Standard for Ph (Content standard) (Concentration standard)
Intake by eating Intake by drinking
Pb-contaminated soil Pb-contaminated groundwater

|
|

Assumed risk l" " 5 |
1]

'
= Eu

-
Eating 100mg (Child: 200mg) soil a day Drinking 2 liters groundwater a day
. for 70 years for 70 years
Basis of l l
standard decision No lifelong health effect of Pb No lifelong health effect of Pb
(Under TDI%) (Under TDIY)

*TDI: Tolerance daily intake
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Table 3-6 Leaching test method

Name JLT-19 JLT-46
(Japanese leaching test method No.19) (Japanese leaching test method No.46)
1N HCI solution .
Solvent [simulation of stomach acid] Distillated water (pH5.8-6.3)
Liquid/Solid 33.3 10
ratio (Sample 6g / Solvent 200mL) (Sample 50g / Solvent 500mL)
Shaking time 2h 6h
r 1
| _— PP container
State of sample — _|— Solvent
during test
3ol — Sample
<:> Horizontal shaking (200rpm)

IR IR EHZREE 50 g Z# 8V B | ZR8/K 500 mL 2 2 CER L, EE 958 200 /45
TOWFEIRE 9 Lz, B HE, KuROEEFTIEM NEHEROEH FIEIZSWTIL 19 5
ABREE—& LT,

3-4-2 X #REIFHH

— O LEEFEHZ OW T, X #EHTHTEE (K) Y 77, RINT2000) T faAH D FRE &2 1T
olz, IATRME. BEK Cu, BEREE 40 kv, FEKEG 200 mA, HEMAE 5~90°, EEAT
»7°0.02°, EEHE 4 /min, FEH - BELAY » 057, ZHKAY v R 03mm & LT,

35 WREEE

3-5-1 EREFERMEKER

1) BRAHARTOBHES

Fig. 3-3 2. BMETHEARML, BIEM L7 AT 7 ONFEIEE & 19 53R B TOLEH
TN Siy Al, Ca, Na, Pb IsHHiERE ORKRZ R, REHRLOFEHER TR TH D Si,
Al, Ca, ¥Ef§ITHE Td D Na OVE ISR FAE IR & HHBIfREL 0.8 L EO @V IEDHHR %
L. JERRIHRIEEE DY 0.59~0.63 LK o 72 A T ZIRIEHERD 20% L0 F EAKL . IRt IR
FEM 0.65~0.68 & E Dy o T2 AT TIXIEHHEN 60%LL & EmoroT-, PoistHE s HIELEN S
Mol 3 FMUEDOAT TIZBNWT AT DX IRE Do b OO, KPR & AHEIRE 0.6
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Total leaching ratio in JLT-19 (%)

Al leaching ratio in JLT-19 (%)

FREOEOHMEZ R L, AT 7 OWIERE L BRI T COREHE L ORIV TIE, H
JFH DNED YLHEH ZAEEA T 7R LIEEITV, AT 7 OEIEENEVIZ L,
H L IFEEMETCEOBFTENLENZWVIE | BRI T COFBBOEL L@ 2
EERELTWS,
Fig. 3-4 |2, REMGEM: (REEEOSM) . K TGt (FHEIEEOSM) . Ca dmskit

(B DRAF) (2B 2K/ LR D HRERT, EOHBEERED T 72OV TH,

BILRDOHEHRIZFE LA THY | TR OB HBENICRE RENTRA GNP -T2 L
5, AT T MOEFETLEDOHDRIRICIEH L72DOTiEa <, AT VB2 NERE, B H
LI ERRBENT, HRD Vb, EMiRD AT T HOWTHAH pH THHEBR 21TV, 2

P pH S TIIF B OBWHRN CHF BRI IO TRBETH L Z L 2HE LTV D,

100
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60

40

20

100

80

60

40

20

0.7

y =1363.7x - 818.96 o /O
R? = 0.8889
%
o
PO
0.55 0.6 0.65
Optical basicity of slag (-)
(A) Total leaching ratio
1
y =936.34x - 562.66
R?=0.843
<
Lo
oS
0.55 0.6 0.65

Optical basicity of slag (-)
(C) Al leaching ratio

0.7

100

80

60

40

20

Si leaching ratio in JLT-19 (%)

100

80

60

40

20

Ca leaching ratio in JLT-19 (%)

-59 -

y =1075.3x - 645.86
2 _
R*=0.825 P

/

J/

/

%/;0
<>
0.55 0.6 0.65 0.7
Optical basicity of slag (-)
(B) Si leaching ratio
I
y =1129.2x - 677.99
R? = 0.8606
/‘/‘
//0 ¢
O
0.55 0.6 0.65 0.7

Optical basicity of slag (-)

(D) Ca leaching ratio



Na leaching ratio in JLT-19 (%)

100 . 100 .
y=1210x - 725.26 y = 649.29x - 387.39
R?=0.8952 < R?=0.5931

80 o £ go
)]
NS

y : o
60 e 60
/ 2

=
o

40 @ 40 <
£ 2
g

20 oo 2 20

oo
0 oy 0 o
0.55 0.6 0.65 0.7 0.55 0.6 0.65 0.7
Optical basicity of slag (-) Optical basicity of slag (-)
(E) Na leaching ratio (F) Pb leaching ratio

Fig. 3-3 Relation between optical basicity of molten slag and leaching ratio
in acid-leaching test (JLT-19)

[Reagent addition test]

W Si OAl BCa ENa OPb

100%

80%

60%

40%

20%

Leaching ratio of eabch element
in JLT-19 (%)

0% -

No addition K addition Ca addition
(Low basicity) (Middle basicity) (High basicity)
Fig. 3-4 Leaching ratio of each element in the condition of no addition (low basicity),
K addition (middle basicity) and Ca addition (high basicity) in acid-leaching test (JLT-19)

[Reagent addition test]

— I, AT T AEWERME S m VO & S b, OB OV I FTO@Y 125
ZHITND 'O T R ERRRIRTICRIET 5 & H T A5 Na SO THEN H
& DA F WSO X0 BIRIICEH L. U7 AREIZ SiOH ICETLENER I D, %
PEFHITIZ Z O SiOH JE T L2 o), RO = 2 L CH AR DA cEoEH %+
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MfIT 2, EORER, A A LIS S 4v, MR REELT 5, EEE, TROT 7 2
BRIZOWTRERD 19 BB AL L2 L 2 A, 2% HHEIT 0.05% K0 & FEF K> T2,
B ZHWERA T T HIRO T T A LFRERIZ, BRI Z o £ O &£ 720 Si0, IR
DAL T HAVUE, SiJR 1% 4 BORERFEZ T LT 3 WTHICHREIZH AT o720, AT 7
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LEZ HND, FERIZIT. Si0, & RFLEOEEMWBIEMNEET 5 &, 4 [HOLEERSE
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~EMEFER L DI TLED ' Fig. 3-5 12, AT ZEIO (Na,0+K,0+MgO+Ca0)
/Si0, BV EL &SR ELEE & DBIR AR T, SRR 0.62 LT SR o T2 AT 71T
RIENLER 1T TH-D, 065 EEENSTZAT TIRREALRNT LD HRELS, #
FMIIZIE Si—O FEA A 1 TR EAEE T SR CERVREBICH o7, 207D,
IMERLE D 0.65 LLED AT 712 oW TIE, Si0, M MHEALREREO@ & 2 B -9, B DO KER
SMRAE L, IEHENRE ML EEZ B 5, Pb DEHIZOWTIE, PR R
BINDTEAT T TNRTODERKEDSTZZ LD, AT T ERERORELSNC S Pb DIEH
KRS DMTFAET 5 ATREME DS R S D,
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Fig. 3-5 Relation between optical basicity and (Na,O+K,0+MgO+Ca0)/SiO, mole ratio
of each molten slag

[Reagent addition test]

Fig. 3-6 (T, HILFEFERE & U C i . Al ([Na,O+K,0+MgO-+Ca0l,/”
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Total leaching ratio in JLT-19 (%)
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(C) Optical basicity
Fig. 3-6 Relation between various basicity indices and total leaching ratio
in acid-leaching test (JLT-19)

[Reagent addition test]

2) KBHABRTOALEE
BEETORT T ONFHIMEILE & 46 5RBR COBMWK pH & ORfR % Fig. 3-712, &H
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#pH & Si, Al, Ca, Na, PbIEMIRE & DOREfR% Fig. 3-8 12, TNEIURT, AT 7D
FOSEFERE DN m M E EE IR pH s < O FRIBESREEE DY 0.59~0.63 L KD o 7o A T 71T KR
pH 2MEE 7TAHEDOHVETH o 7223 S FHIHE I 0.65~0.68 & -T2 A T 71X TR pH
WOLLEDT VA WA R LT, BIuR OB HIREIX, £ O I pH ICRFT 22 R L
Too FEMERNOTE TH D Siv Ca, Al KOVERNICHE TH D Na OB IR, BHHE pH 2
10 L FDAZ 7 TIED o723, pH A 11 28X 72 AT 7 CRIEZREMN R o7, ZhiZ
%L, Pb IEHREE X, WHIR pH 28 7 L & FHEDO AT ZIEVEO L O b RS 7203, I
R pH 28 9~11 & 7 VD AT 713 U TR o 72,
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Optical basicity of slag (-)

Fig. 3-7 Relation between optical basicity of molten slag and leachate pH
in water-leaching test (JLT-46)

[Reagent addition test]
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Fig. 3-8 Relation between leachate pH and leaching concentration in water-leaching test (JLT-46)
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[Reagent addition test]
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FEMETUSE DOIRIRIIE D RIE S 7203, TR pH 23 @7 > 72 Ca IS TiX, Siv Al O
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Fig. 3-9 Leaching ratio of each element in the condition of no addition (low leachate pH),
K addition (middle leachate pH) and Ca addition (high leachate pH) in water-leaching test (JLT-46)

[Reagent addition test]

— I, BT T AT VA VICEEL . TAD VIR T T ABRBERET S5 2 &N
MHITEY | KPP COBKAEIL TIMECEIDZ ER0hoTnD 'R HT 2% K
ICRET D & KFRIBUSIZE V| BB & FRRICH P TR 2B IRMICIA H L CRENIC
SiOH E2MERL S5 L [FIKFIZ OH 23E R U CIRHIKR pH 2388035, SiOH &1, pH 10 LA
EOT ) EERTIZOH IZ LY Si—O #EG DUk VTR T 5. DT, Hiile/z i
FARMMPBEM L, EEREMTROBHPEZ S5, ZOFEK LT, 78 VKRS TIEld
5 AP D, ARBRTH., WK pH 230> 72 Ca BN TIE, ABtEIC XL v E
FCRREE N Z o 772, R BDOIEHEREN T B2 LD,

Pb IZ oW T, WitE&ETH Y . pH 10 A& ISKEBLH O RELEE TH D 2 Lok,
WRHNE pH 723 7 AT D A F 7% PO W22 72 pH FHIR T 5 7= OIE IR E N & o 12703, A H
HEPpH S 9~11 DA T T IZKBAL DR Z o 7o o DIEHIBENME o T- B2 Bb,
pH7 fHED AT 7V CIEMIREIC AN T OENAONTZDIX EHERFRRE ThH o2 &0 b,
BAREDOEWVIER L2 EZThoT B LN, F72, pH 9~11 OIFEJAV pH HiH TH
HIBRFEEME DN - 72 Z LD TUE, e & O bR & L CORBELOFEENE 2
bId, BEO L, KiEE AT 7 OT v H VK TO P IRHEENZ OV COKER LY, [RER
HOWIRERE %2 B8 L3 H 21T\, Fe(OH), & ORI X 2 RIs LD ATREM: 2 A L T\ 5,
NES By Effigt AT 7 OREHRBRICB T, 70 UEEF TO Pb, Zn IRHHEHNK
WAL OFIFIEARE LD BIRWZ L2 HE LTV D,
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Total leaching ratio in JLT-19 (%)

PLEND | KBEHRBRTIL, AT 7 ORI TE K pH % LTI Pb O
HZRENC R Z KT 2 DR S L7e, JEFRIREIREE DY 0.59~0.63 LKW R T 73 ik
pH 2MEIE 7 fHEOHPEL 720 | PO A AU BNLETH H 728 Pb IR IEm S, KR
HEFLPE DY 0.65~0.68 & WA 7 Z IR pH 23 9~11 & 720 . Pb 13/KE(bM % D R biE
& 2R DT DB HIRE MRV & B 2 bz,

3-5-2 ERFYHRER
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77 A-S (WL DEME) AT 7 A-6 (B IEE O RMF) [CBIT 5% nE ORI % Fig. 3-11
(CENEIVRT, ERRD AT ZIZHOWTH, MBI TORR LRk, 2T 70X
AOHEIEE & R ORI IEOAEBIERRD S 28, ABBIMEIERR SRR L 0 IR T4 54
Fliootz, BIEHERL S, Ca, NaiFHRICOWTIE, REAMEAER CIIM IR 0.8 LA
FORBWHEBENGE LTV, ERT B CITFEERE 0.4~0.6 FREOHBETH -T2,
Pb IAHFRIC W TCIE, FHBIRE 0.5931 705 0.1882 ITMK F L, FRIC B LA ILE Y 0.65 Al
% EEWNAT ZITOWNT Po D 20~98% &L REL AT ORERE R o T, FILFEOH
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Ca leaching ratio in JLT-19 (%)
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Fig. 3-10 Relation between optical basicity of molten slag and leaching ratio

in acid-leaching test (JLT-19)

[Actual slag test]

0.75

ZOMBEMEDIK T, FMRXD AT 7 ORIEEDE, Pb JEREDEYY (HUINkEsh. MU 2 &

IVOEFEE) D

J=PA
o

R RKEMDSTZEEZDND, FRIZONWTIE, BIEBMER TIX 1~2 mm

ICHEE L2 b DZ WA, AT 73BT i O R Rz KR S 5 72 O AW % 2 mm
RIS 2 DA OFHERIIAT DRI o 7o 7osd . RIS LV 2 mm R T ORI AR ITE
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Fig. 3-11 Leaching ratio of each element of Slag A-1 (low basicity), Slag A-5 (middle basicity)
and Slag A-6 (high basicity) in acid-leaching test (JLT-19)

[Actual slag test]

o MEEZ I mm K E /NS THIET, FnROBEHRIT10~25%HMLIZZ Lk,

RO EITH -1~ L E 2 Hvl-, Mizutani 5 2%, EfER D 2 T ZIZOWTRIAERNC 19 &
AR ZITV, RPN ESWVEER TR OBHENRESNZ L2 WE LTS, PbBREIZONT
X, EH DI TR T 7 BERMET A Z L IC LD PhIRHERITINT S Z A WS LT
Do BHD PNE, EiifkDOAT I bAeRK T EFRE L, pH 4 TOBEHRBRICE TS Pb A
HENBEFIRD T2 E2RE LTS, LI o T, EMEDOART 712D\ T Pb O
TR A +HSICELET H720100F, RIS P BEOENLEETILERS DL LB DI,

Table 3-7 Influence of slag particle size on the leaching ratio of each element
in acid-leaching test (JLT-19)

[Reagent addition test]

Name Slag [K addition condition]

Grain size <1mm 1-2mm
Total % 96.0 79.6
Si % 975 8238
Leaching Al % 92.9 68.7
ratio Ca % 94.6 80.3
Na % 95.3 823
Pb % 89.6 67.2
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Ca leaching ratio in JLT-19 (%)

TEIZ oW TIE, Ca, Pb DIEHZRIZIE W T AT 7 L B B EmMN R 5z, Fig 3-12
12, CatEHROFERE AT 7 L O CORT, BEIZORFEMIEILE R S 0.51 ik & Kh -
7ZIZHED BT, Ca DIFEHFIL 0~60% & FEHT L0 #87e 0 | SeFa AL & OFBIN R &
Nniginoitz,

T, EREDOAT T LR ZREOM SN OEGERTH LD, AT 7 LIi3E
HEEN R -7- 2 EZZ2 N5, T C4 1250 T, 19 SRBRETO HHE RO 19 SiB% O
P S OMEAHT. X BRI HT 21T > 72, Table 3-8 I[ZHHK % . Table 3-9 (Z[RIE & Au7=ik Al
ENEIRT, MOV T, 19 3BT T Si, Al Fe, Na, K DREZ(LIZA O
Mo Ty, Ca KN Zn, Pb OIREIZHA DR b, fEEtAIZ W T, WBRETo 15T
% Ca E M ((CaNa)(Si,Al),05) MFEIE Sz, Btk D% S TIEZNDEE S 20
STce ZORERNG . 19 FRERIZEBWNT, 1S Ca GA MmN EIRAVIZE L L7z & HEH
ENd, Zn, Pb IZOWTIE, Ca &A AL BN, FAER LTV 02 2 n, 5
1 ClT Ca B AR Ea DORERLASY & U CHFE L, 19 B3RBRICIHV\ T Ca B A S & LICiEsH L
EEZBND, LTIENR-T, TN O Ph IEHZEENCOW TR, HEREE TR, BAMM
FOFERE R EZFRIE & LM ETH D LB b,
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Fig. 3-12 Relation between optical basicity of soil and Ca, Pb leaching ratio
in acid-leaching test (JLT-19)

[Actual slag test]
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Table 3-8 Composition of Soil C-4 before and after acid-leaching test (JLT-19)

[Actual slag test]

SiO, | Al,O;| CaO | FeO Na K Zn Pb
Item
W) | W) | o) | wany) | stan) | e | T | TN
Sample before test A 66.5| 10.7 | 0.54 26 119 2.08 140 28
Leaching residue after test B 714 | 108 | 044 241 116 | 2.04 95 13
Content ratio B/AJ 1.07| 101 ] 081 | 095 0.97] 098 | 0.68| 0.46

Table 3-9 XRD analysis result of Soil C-4 before and after acid-leaching test (JLT-19)
[Actual slag test]

(A) Before test

Identificated crystal phase
SiO, Quartz, syn
(Ca,Na)(Si,Al,Oq Anorthite, sodian, intermediate
(K,Na)Al,(Si,AD,0,o(OH), |Muscovite-2M#2
NaAlSi;Og Albite, ordered

(B) After test

Identificated crystal phase
Sio, Quartz, syn
NaAlISi;Og Albite, ordered
(Na,K)(SizADOg Anorthoclase, disordered
KAISi;O4 Orthoclase
KAI,Si;AlOo(OH), Muscovite—1M, syn

2) KBHHEBRTOBRHES
AT T OIFHPEILE & 46 HRABR COB K pH & OBk % Fig. 3-13 12 A HHK pH & Si,

Ca, Na, Pb IRHIEE & OfR%E Flg 3-14 12, ENEIURT, FEEAOTHE K OMERER TR
(COWTIR, BRI & FRk, 7 —F OMBMEIIE T L b oo, BEEAINERER & 7 UH
MA RSNz, HFEREIRENE WA T ZIE R pH 23| < . JEFEREILE 2 0.65 LLE
DA Z 7 TR pH 2322 10 DL &7 o7, Si, Ca, Na O HIREITIE K pH 25 11 %
WX T RAETHIML ., AT V7 RETOFRAPENRE I, FHBEEIR T OREIL, BEEH
B & RIERIZ K SRR DA T 7 ORIRDE N POIEEEOEVOEENKRE ol LB b,
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Table 3-10 12, B/ 2RO AT 71281 5 46 FikBR CORHIRE 28 L7y, RifkZ 1~2
mm 75 1 mm KNS <52 8T, WK pH 23 9.6 705 9.9 1IN L, FETROE
I 23 4~8 (EICHIINT ARG L 72 0 | IR OFBHVRIE S 7z, Pb I HIBEEIZ DV T,
EHBEMED S T2 72O TR FIRMERM D AT ZNE o108, SR T 73R
pH 7% 8.8 AT & HIEIZIT VN b O TH o7z, BRERBGED T2 0IIE, ISR EE 0 LIRE
MAMETH D EHZZ LN,
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T, M
g O
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6 T T T T
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Optical basicity of slag (-)

Fig. 3-13 Relation between optical basicity of molten slag and leachate pH

in water-leaching test (JLT-46)

[Actual slag test]
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Fig. 3-14 Relation between leachate pH and leaching concentration in water-leaching test (JLT-46)

[Actual slag test]

Table 3-10 Influence of slag particle size on the leaching concentration of each element

in water-leaching test (JLT-46)

[Reagent addition test]

Name Slag [K addition condition]

Grain size <Imm 1-2mm
Leachate pH - 9.9 9.6
Si mg/L 43 0.8
Leaching Al me/L 1.7 0.3
concen-— Ca mg/L 1.1 1.7
tration Na | met 15 02
Pb mg/L 0.018 0.013

TIRIZOW TR, PR HERER & ARk, Ca s HHRICHONWT AT 7 & B 2B R S
7co Fig. 3-1512, Ca IAHBDOMERE AT 7 O TRT, JEFPRUERENME< | K pH
TEND THIZ LR SICbEb LT, CalBHRIT 1% E2 5 bD00RH -7, KX,
ATE TR ~~7238 Y . HENSREEORBRIEMOEAERTH V. FEEAEIC X IR N R
Lo EBEZ LN, POIRHFIZONTIL, &2 TOTLENER FIRRM Ch o272, EWN

ITHER TE o T,
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Fig. 3-15 Relation between leachate pH and Ca leaching concentration in acid-leaching test (JLT-19)

[Actual slag test]
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BREL7 TR2AZ 7B 217V, UTOMRZET,

3-6-1 HRERMAR

O MEHRBRTIX, Pb 2507 FE AR TR ORI ZIERE & HRE 0.59~0.68
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FEORMMBRFEIE & L COFRAMENR Sz, LRI K D2 HZEB OEWITR b Rno
22 edb, AT TERSERNRE, B L EEZ LN,

@ KEHRERTIZ, A7 7 ORISR 1T K pH % LU C BRI A 05K OV HIZE)
(B RIE Uiz, RN BN A T Z1F VI pH 23 < . WK pH 3@
L. FERROLRIZ pH 11 UL ETY Al U B Z R 2 U CIEHRESHIN L7223, Pb I
pH 9~11 12BN TKEE(LHE ORI & 72 5 7o DI HIRE MR T L7,

3-6-2 ERZYHRER

O BAAHRER T, EHR O AT 72O T, RIBRINGERR & FERIC, AT 7 OXFERE
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FAE MEMYESEEENOBRUEBICES TS5 VLETILA ) EBOERD BEFHE
4-1 [FL®IC

WHARAKELXORAEIZELY  BEE RS EE T L (Cs) 2382 s AREH L,
HAARO—MHIROBREE 215 LT, £ OFER, # ZHBEAE S NKIGIE L OBEANK
PRYLCRRE S 1 BEFEWE (LT, BRI TS 1C Cs NS, 2 b ERH DML
HIANGRE L 7o o T D, FRIC, BRYEHEZIIRAERN 1,600 5~2,200 1 m’ EHNEWIZE
WD BE, RN O R RIRTEE R SRR D HILTW DN, 30 ELINOE RIS To
By 8 ERE TR SN Z LD, WA LEIROBRBE R EH L 72> TV | BEAICK
D PR RPRRR Y TS O - FAER BB RS ERRE (LAT . BB IR ERS) PR S,
[EEEE TORGERAR N UED LTV D,

AT, EEYICEENL2EEBIZ T TR, 7D VERITONTHIFAN THER S
HTHEEL ., WK T 2 2 &0 TE D, CSHLT ANV BRO—FETH D=, 4
HERFIRECd D, BRYL THHEE O E W & VARULEE L C Cs ZREFSBEL. Wbk Thb o
WA 7 7 & 2EFARRATE L, BT XIERDIL REY) Tbh 50 BOERMMIK
DIET2 Y | KRIGRIEBF A ATRE L 72 D

Z T, KETIE, B2 THESBEr— 2 2 TRAAKEBR TOR S T ABRYICHIT
LRGeS ORA ) (Fig. 4-1) AT Z 2B E LT, Cs OfFESFEMEEZTET D
72T, #T ZABERIIK, FARBIRBERIK, 1A x5 L Uiz [Cs ININEAER) & T52KER )
D2 O KRR 24T o7, [Cs RMERER) T, XIREEWIIEBERE Cs #HM L2 b
D xR OHEM & L TERE L~V TOBEMBBR ATV, L0 OBINT X 2 f#H

Chlorides .
o Melting furnace Molten fly ash
Decontamination soil etc. Administration
(Final disposal
outside

Fukushima
prefecture)

Sepa- | |

ration Molten slag

Melt Utilization

:
@ civil engineering
@ material

Fig. 4-1 Element separation Case2 “Volume reduction of decontamination soil etc.

generated by the Cs decontamination in the Great East Japan Earthquake”
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EEZN R, R T THHIEEDOREBE IS WTHRAEZITo 72, [FEKRER] TlX., B Cs 25
Toxt R E W) % 7llik O Kokt & U TR DOIEBIERER 217, Bt Cs O ERFTEIZ DV THRGE
2iT o7,

4-2 BIREBEREZRAV-EIOLONBHICET IBEOMER

HALHERE 2 W2 BB OB OV T, 2-2 TR0, fia b LS ITEEMIO LA
ELHRTHIELBEZMORS 2L 2AMNE LT, BEICKEL 2T, M MTbRT
X7, LirL, 7B VEBRBOGEEHIOWTIE, AF LR TIERNZ &b H Y, FREITZ
T EL <IER,

Cs (TR LTI, JR IR OTEERIC RV U R C b 5 s, PTCs WA S D Z &0 b
TR FE S % PR R AUBRATC IR E L 2 BR R ENC SN T 1970 4EFR ) B FRAAFZE
Tz, =6 )Y KD NIE L~V EHEENARBE R 0 7 7 X~ BRLERIZ 51T
Cs FHHCEENC OV T, BRI IR Cs 2RI L 7=3lkk 2 W CRIER 2272 217
STz, TOREFRE LT, IWRALEIZEIT S Cs it (T ICEDICE CiAd b b
Cs DEIE) ITREOBEREE N K E < Cs BBEHEEBPMENFFELEHN L, 7T X<
)% @D TR 2 < 375 2 L 23 Cs it RICE#hTh D Z &, Cs ZAIHEELL
IFRE O IEE R BN DIFERE WD EFER L, 2N D52 R 2 Z & C Cs filfit
R 50% L EICEDBND Z & ERE L, Dmitriev®?5id, ¥ v 7 7T A<D ERT
7k (50~80 kgh) & MWTIREG RIS PEBEFEY OESRREABR 21TV WA A 0 2 312/
HWRETHD Z L. FNIZHIT DLW L P A Dz xtmae 35 2 & TR R P A
FREAL L CRIE LT PTCs ZFTHI S, PCs OFEHEE 2% FICERBTE 5 2 L %%
& L7z, Kelley”., Wilds¥i%, Savannah River Plant 7> 5 HEH S5 & L~V BEHEY) O
R = AEARICI T D PTCs OFEBURFIEICBI I D52 24T o 72, Kelley 1%, FEEEO 5
& AW SEEERBR 21T\, PCs OFEBCRIT 03%RETH D 2 L 8 Lz, Wilds iZ, I
TP DR A TR bW & FI N T2 FERERRBR A 17 V) Cs FEBCRIT TiO, Z RN L T b4l  4u7e
WZ L, Cs ODYIIIERE (Cs EAEA T A b, Cs,C03) IZE BT Cs HERIIFERETH D Z &
Cs B ABREEN 0.03~0.09% D#iPH TIL Cs ZAIRENEWIELE Cs fHlE H LV 2 L F oM
L7z, LinL, 246 OWF%IE Cs O A v b L CEIbHICE Cian 2 L 2 HIE L
TR T o Teic, ARSI X 2 B OMREIC O\ TIIRFI S vz o7z,

Spalding”l%. Oak Ridge National Laboratory ® +HEDRYFEE L LT, £ UIADIC KL 2 ZE
fECiE7e <, WALERIC L 2 BB oM 21T o 7o, TEROTE & AIREORAG Y 2R
& U7 EEERBR 217 NaCl, CaCl,, HCL, RV ke =L oz ikns s =
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& T PCs B ICHET D 2 & (Fig. 4-2) \NaCl FINTO 1,000°CIMEAZ #5042 & T 99%

PLED YCs HRCEMEOND Z & RERICHT 5 AREORGERE & H Z LT Vs
BRSNS 5 2 & (Fig. 4-3) SaWE L,
100 f — — 1 1.10
90 !‘J\ - @ NaCl J | M-
S, Ach || o 1O0RT DR |
80 R | ena | 2 e NN
PN N ~._n [ £ H ﬁ_‘\}
—_ ~n L N\ \ e » H PVC - 3 0.90 “‘E%.n
a3 70 e \ \ = R | é | .::‘1-;\
- 60 ‘ .\ AN, B _ _.\-f"--..‘ _— I - \":‘-;-.ﬁ
b : o'\ AN ~ 8 0.80 r A2 N e |
£ b N\ = : R
= 50 - '\ = = T\ A
= 0\\ \\ b 0.70 - T ] \
e . \ o .
40 R = 5
w \ RN c v\ =
S % * N A\ & . VoA
3 —rE— = £ 060 4
< N | X
20 — W — I | \
LY \ 0.50 b
. ....“‘ |
10 t \\ \ |
of : Ny g W 0.40
0 1L 2 3 4 5 6 7 8 9 10 11 0.00 0.10 0.20 0.30 0.40 050

Fraction of Limestone in Melt
Figure 8. Retention of '3Cs by samples of soil and limestone ma-
terials used in the 1987 and 1991 ISV field tests after heating to
1500 °C. (O) 1987 soil plus 1987 limestone; (+) 1987 soil plus 1991
" limestone; (<) 1991 soil plus 1987 limestone; (A) 1991 soil plus 1991
limestone.

NaCl Equivalent Added (%)

Figure 2. Retention of ¥7Cs by 7:3 soll:limestone mixtures when heated
to 1200 °C with amendments of chlorine-containing species. Lines
shown are the linear regressions for each chemical species
Amendment: (@) NaCl, (B) PVC plastic, (4) CaCl,, (¢) HCI.

Fig. 4-2 Relation between the additive amount Fig. 4-3 Relation between limestone fraction in

of chloride and '**Cs retention ratio” slag and **Cs retention fraction *

BWAETIE, WAARKEENIEAE LT 2011 LA, BURTE Cs IR S N[BT H D

SYBERT & U CAVLER I OMFZEER T N D ST E 72, 2016 - 4 H TR E SN BREA
DEATBIFEERME 22BN T, B 1HE45E 2 0 L & s FEALEE & D B L < I THRL A TR

FALER LT 30 LN B RSN CRAGIL T2 &0 D FPERED i, mELEO—> &
LTINS N 2 & T, A% OEEIEEFESE, PHATEMR COEM
ABIC T AT D72 D DB R HEE ST 5,

BULPREAN & U Cld, ERBARAAMT . BERCEAN & BV 2 BB 3 & E D, BERLEL
IR R & 0 & HEELEE D3 i W IEAITIN S C 1,300°CHiTEE DANEAZ ATV BRYY TR A3
NS T Cs RS HEMTH D, RS 'O WAL i, BSHE Cs 25T TAIGIE.
TG & U TR HEEE 2 AV 7 BERGGRB 21TV 2 P OB BURER 2 i+ 5
LT Cs & 99.9%LL EBREL, WM OFSHNE CsIREEZ 7 VT T v A L~LEL FIZAEHEC
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XD EEERE L, VL REREAR T 1,000°C R O LB VR CTEAIZ R L <
IV, B oSS 2 2 &85 2 & TCs 2R b IS, kST o ch
Do AL DT, B Cs 2GR, BEHUK 2 x5 & U7 SRR K OJE RO Cs 2 1R
U7zt Zx G & Lz A vy FBREZITV, Cs BLATEHEA] & B BI A D 2 FFEH D FEHA
EIRINTHZETCs HRR9%RETELZ LEEZRE LT,

4-3 Cs FMNEKER
4-3-1 HEBARE

FEBURE Cs 2RI L7288 ZABERIK (LLF, ZHIK) . FARIGIEBERIIK (LLF. FAKIK) .
TIEARBROREMM & U TERE L~V TOREMBEBRZITV., BT IR ORI L 5 Cs
OEHARER R, EOFEHOEE, X7 VHEEORE, FHRE ORI O\ THHA
ZAT> 7,

4-3-2 =¥
1) E#

M, ZAHK. TARIK, 3 fEBEO 1 (HEE A, 5B, 18 C) IZIEHSE Cs,COs
B (T=TNRY v F T WK, Fitk) ANEBOBEESN—ATO05%ARM LT 5 L
U7z BLF, BINEHET TR E T2, THKITA b—h K1 ZABERF 2 S e &
NEBEH TR TH D, FARIKIZRBIRA FARGIRIEEF 22 HHEH SNICREIK TH D, T
A THACH DK HEE D DI L 7 fE L 13, 13 BIXH RO B - L JEE -2 HEN
—ATR 1SRG LB, HECITHROEW L THL, WIhb, AT 2mm Lk
DHLRL Z e L TR % 2 mm Kl & L7cth, FERSE Cs,CO33EZ 0.5% UL T, 3K
E U THICHIREG LTHEME Lz, CsCO5 HMEE 0.5%220 T, BE RN
RETH Y. ORI LT Cs D 99.9% M L THERWRERRE L L TRE LT,

Table 4-1 (2, M O ZRT, O TIEIX, Py Cs LAMTOWTIR, 2-3-1 (ITRC#H L 72 A
MOGHTEL R —& Lz, PICOWTIE, WEMAE (H24 BRKRUKFE 120725002 75)
ICHEIL L AT o 72, B RSEE. R, 7 v KB TR L, WIEEERE ((BF)
A7 8ERT, U-1500) (2X V@R L, CslT oW Tk, Mg, @R, 7 v (bKFERIC X
DIMEGfR L, ICP-MS (AT AT A «F /727 /7 —#k). SPQI500) (2L EELT,

FHRL ) T DU ICHE ORI, M ORI LV Bx o7, TAHIKIT Si0,, CaO, ALO;
MEM, FAKIE Si0,, ALO;, FeO, P,0s AEMR, THET Si0,, ALO; BEKRTH ST, 7
WAV EBROWREIL, EORMEE% LAV TREBEE TH-7-, BEEBOBEIL. JTHK,
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FKIK & bl U CEBEOREE MR > T2, CLEREE I

% Cl ZE o728 1.9% & mEh o 7o M3,
IREEE, HEPREOH Z A, HEILOKH ., AW DI,
Gielo, BRI ATV D AKX
10 fiFx D Z F AL D - EI i
fiixe) OMAEZEPFRE Lz, B, SR & AEROMAL & 72 > TRV | AR TOEMIT 1
7oz /A L TND EBEZLND,

Table 4-1 Composition of base material

 ZHIRBBEWRT T AT v 7 IZHRT

%%k/r

WEIEFIZ

. FKIKEY bmnoTe, BEDRD

TIKIGURBER 3 Jaak D T KPR D FEEIfE

KK, HEEITEE mgkg VoL TR o T2, KRR C
SRS RV WAV SR A

(ZHR T AR
. Bt (JEfRAE

Si0, | CaO | AL,O; | FeO | P,O5 | Na K Cs | zn | Pb cl | uc®
Name
%dry) | %dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry) "25:; )g "25:;‘ )g "Ei:: )g %(dry) | %(dry)
Waste ash™ 312 272 | 13.1 24 3.3 3.0 1.7 14,000 | 2,700 120 19| 043
Sewage ash™® 27.2 72 130 139 222 1.2 2.1 13,700 | 5,600 230 005| 0.14
Al 623 22| 134 4.6 0.2 1.2 1.1 13,900 130 140 | 0.04 14
Soil B 58.7 281 129 3.1 0.1 2.2 1.9 14,900 76 37| 0.03 6.4
(¢} 66.0 24| 148 3.2 0.1 2.7 2.3 14,400 98 58 | 0.02 0.5
" Waste ash 355| 230| 176| 47| 25| 29| 14| - |2800| 550| 12| 051
verage of 10 facilities)
Ref. Sewage ash 242| 106| 98| 187| 238| 08| 19| - |4000| 230| 003| -
(Average of 10 facilities)
Decomposed 678| 25| 117| 36| o1| 21| 20| - | 110| 60| 003| -
granite soil

*1 Waste ash : Abbreviation of municipal waste incineration ash

*2 Sewage ash : Abbreviation of sewage sludge incineration ash
*3 UC : Unburned carbon

2) 1ERRER

Cs DHHZ (Bt S 5 7o OfERUREA] (LUT, #Eg) & LT, kiR 2T 50
by &R THESE 2R3 2 IR D 2 i A Tz, HEAEIZIE, CaCly, NaCl, KC1 3K (4
T, YI<T IR v F VX R @), Ffk) &AW, aBICiE, BERSEZNEL, =T
NEPEEHERRIE (7~ T IR v T U yv S (BR). Bifk) & vz,

—ERRM T, HHGH & LTHER Ve =1 (LU, BiEY) Mo, RUE e =

VIX EAGER A PRRBER T ¢ v LZEFENAITIZHER 102.5 1t (2014 ) HfF STV D
B BERE DY A 7 THEATEL T, RARAMRIEORNINLEEN TV D, Bl
Bk, Wk L s oG EERTHMEITH Y . ERAIOREE L OERATRETH D &
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ExbNTTo, EAGERASA TOHF Y A 7 v (2 mm KEIZYIE L2 0) A
ELTHW, ZO%REFAE LT, Tabled-2 12, FEEE OB Z T, ST AEIL, 2-3-21C
FLEk L 72 R O TiE L Rl — & Uiz, WRNEIRE D M R TH Y | BEERFEIT 0.2%
LR oTo, Co H, CLIREX, 2E 0@ ofETh -7,

Table 4-2 Composition of waste PVC (W-PVC)

Moisture | Ash | volatile | Fixed c H N o | T-s | T-ClI
Name matter carbon
% %(dry) %(dry) %(dry) %(dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry)
Waste PVC
(W=PVC) 04 1.1 98.7 0.2 385 47 0.0 1.4 0.04 542

3) BT
AT T OWILE LR L, @Sz FIF 5 720 OfuikE TAl (LUF, @A) 121, LiCOs,
Na,CO;, CaO, Ca(OH),. Mg(OH),. Fe,O;. ATV HH [Na,0-2B,0;-10H,0], PbO, ZnO DI
(BT, ¥ I~T VR v F VN #K) 2RV, FHRAEREERE Tl ko
EPREHINR O 7o 012, flEAS @ WALE) ) LT, WRBLERIR Y 1,300~1,400C & 72 %
L O IZRA 2B L T A 1T > T D,

4-3-3 HAEREH
Cs OFEBAFEEZ IR T 2720, FRLIORT 4 THEIZOW TERE LU TORMAR Z 1T
572, Table4-3 (A)~(D)IZ, TNZNOREREM %2 /RT,

1) EEERMIZK S Cs BRRESRE

PR TARIK, T8 AIZOWT, CaCl i, TEMEIRFAEE A 5~30% DEUKHE T B AN
FIFRATM UG T2 FE L, Cs. K, Na OEBURESRZFTHE L=, THKE
TAKIRIZOWTIE, B EZE 10% b L <1E 20% N L 7= 50 Calli 2 0 L. BEHE B O
TRHESN AT DN T b FHAE U7z, DNER (X[ R 203% i vARle 2 Fdie L, 38 T 1,350°C & L7z,

2) EYOEEOSZE
13 A 2D\, CaCly, NaCl, KCl @ 3 FEHDOFEHA 2 10% I L 7= 560 TRER A 1T\

FHEA OFEEANY Cs O B ASHA LT, Bl E LT Ca0 % 10%. 15%?D 2 K
TWIMUT=4 6 STk L7=, MEVEEE X4 T 1,350C & L7-,
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Table 4-3 Test condition

(A) Cs volatilization promotion effect by the addition of volatilization promotor

Blend ratio of sample (by weight)
L Volatilization promotor
No. | Base material Examination 5 — Tempe—
contents a5€ | Ghloride Com rature
material bustible | w-pvC
CaCl, AC
1-1 100
1-2 Chloride 95 5
1-3 addition 90 10
1-4 80 20
1-5 . 95 5
16 | Waste ash | compustible 7oy 10 1,350°C
addition
1-7 80 20
1-8 Combined 80 10 10
1-9 addition 60 20 20
1-10 PVC 90 10
1-11 addition 80 20
2-1 100
22 Chloride 99 >
23 addition 90 10
2-4 80 20
2-5 70 30
2-6 | Sewage ash | Combustible 95 5 1,350°C
2-7 addition 90 10
2-8 Combined 60 30 10
2-9 addition 50 30 20
2-10 PVC 90 10
2-11 addition 80 20
3-1 100
3-2 . Chloride 90 10 o
= addition 80 20 1.350C
3-4 70 30

(B) Influence of the kind of chloride

Blend ratio of sample (by weight)
N Base Examination Volatilizati N A Tempe—
® | material | contents Basg olatiization promotor ux rature
material | cacl, | NaCl KCl Ca0
4-1 CaCl, 80 10 10
42 addition 75 10 15
4-3 80 10 10 .
Soil A NaCl 1,350°C
4-4 addition 75 10 15
4-5 KCl 80 10 10
4-6 addition 75 10 15
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3)

Z 7 OWIEEN Cs OHFEEIZKRIE

WD 3 FIADFEHNIRINGEME T

ASTDEEE

B2 480

=

158 B 122 C, Li,COs3, Na,COs, Ca(OH),, Mg(OH),, Fe,0;. 75 7 # [Na,0-2B,05+ 10H,0]
PbO O 7 HIEHO@MAIZII L, AT 7 OMRIE k2 ([Z2BE ST &M TR A Efi L,
BAPA L, BEHANZ SV TR, CaCl, b L < I3BE
& 10% M LT L, &40 CLIRMEZFR—& Lz, 7EEOFAIZSWT, i
Z TRl 20% +CaCly 10% | N, TR 30% + CaCly 10% J B0, Tkl 30% + BEti £ 10% |

J=PA
o

BINT, 5&FICOWTREBR AT 72, AR X8 T 1,350°C & L7,
LT A D, K

Fo. AAOTIMC LD 27 7 oilE (@, k) b
DFEHZHONT, AT 7 DOtz i3 2 72 0 OE it SR & OFE Tk L7z,

Table 4-3 Test condition

(C) Influence of the basicity of molten slag

ABR AT o7z, & BIC, 2 I OBA 2 1RGNS 5 S5,

Base

Exami—

Blend ratio of sample (by weight)

Mo | mete= | retten Base | Volatilization e Tempe-—

rial | contents [ Mmate= ELORE rature

rial [ caCl, |W-PVC| Li;CO3 |NaCO3 | Ca(OH), | Me(OH),| Fes0s | Borax | PbO | ZnO
5-1 Li 70 10 20
2 addition |20 | 10 30
53 60 10 30
o4 N 70 10 20
a

S addition |20 | 10 30
56 60 10 30
57 Ca 70 10 20
8 addition 60 10 30
59 60 10 30
5710 Mg 70 10 20
il addition |20 | 10 30
5-12 60 10 30
513 70 10 20 .

Soil B 1,350 C
514 | ©° F.e. 60 10 30

addition
5-15 60 10 30
5-16 B 70 10 20
Sl addition 60 10 30
5-18 60 10 30
5-19 1
i T 20
addition

5-21 60 10 30
5-22 80 10 10
5-23 60 10 30
5-24 Others 60 10 10 20
5-25 60 10 20 10
5-26 60 10 10 20
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4) BRBEEDFE

148 B ICHEAH & LT CaCl, & 10%., fiitAl & LT Ca(OH), & 30%HIN L 725 EHZ DU T,
JNEEE 1,250°C, 1,350°C, 1,450°C TIAR S 7= 540 TR 4 320 L, IWRNEE DY Cs OffHL
[CRFET R LT,

Table 4-3 Test condition

(D) Influence of melting temperature

Blend ratio of sample (by weight)
. Base Examination Volatilization Flux Tempe—
" | material contents Base promotor rature
material
CaCl, Ca(OH),
6-1 1,250°C melting 1,250°C
6-2 | Soil B | 1,350°C melting 60 10 30 1,350°C
6-3 1,450°C melting 1,450°C

4-3-4 HERAFE

1) AEiEs

R~y IR W T T o7z, 2-5-2 DI L 7= BRI A INEER & [7— 0 5% TFT

DERNOKTERENS, Eq @-DICX W ETZEoEBRE2HH L,
AT TEBEX AT THOKTHRIEE

B IeFEDOEHE%) = (1 — ) X 100 (4-1)
BB B XGGRE P DS TR IR

2) BREHER

BT T v D CHIBICAE AT 9 1201213, AT 7T T (SaEAMEY) 2o b
(SARPEDMEVY) ZENEIEL D, ZORMERBRIX, X T 7 OflR &2 EERICEE
Mg 2 7-D0RER YTh Db,

B fHE ORELAR — b (W20 mm XL 150 mm X H 12 mm) (2 & & 70 mm THIE L, Fig. 4-4
[ZRTIEY 57 T 7RRE T, PTEIRE ISR LI2ER~ v 7 /W () BRI RERT
SiC b —# ., 522/ W 300 mm X D 400 mm X H 300 mm) (24 A L C 15 2y MRE L=, L
HFN A AFRFRRIT F TR D OFEAZERIT £ 5 A ARHRE TR ZE R AU/ LT,
15 3 f%ith, RN — F 2 SEE L, | TEKHEI LT,
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AR OVARE K ORI, BUBHEIEERE & 70mm  (Ly) 12 LT, 15 43 CRlEI 3 RHE L
RS (L—Ly) OEIGZEMREEERL, TNEHES UCRHME L7, Fig. 4-5 2R 7T#D |
WIREEDS 30% LA T o iUTFEHIARLIRIE (T 724RH8) . 60% LA | T & auEBUEH I TR
B (BT T RiB) ThD EE X, WRMEEERE (B2 1,350C) TOERED 60%
U ETHIVUX, BRI FTREZR B CTh 5 L FF M L 7=,

WiRE (%) = (L — L) / Ly X 100 (4-1)

Sample filled length Sample length after melting

70mm
‘ T 50

\— Ceramic boat \—

(A) Before test (B) After test

Ceramic boat

Fig. 4-4 State of sample in melting fluidity test

100 —
80 — Melting fluidity > 60%
— = Available for treatment at 1,350°C
& €
iy
5 60
=
o
£ 40
S 30 ;
20 — i Melting
i fluid
Melting point ¥ pointy
0 T T d —®
1,100 1,200 1,300 1,400

Temperature (°C) 1,350

Fig. 4-5 Evaluation method in melting fluidity test

4-3-5 WBREBEE
1) #EEFARMICL S Cs ERRESR
D-A RFIRBFMEHTOETROERE
Fig. 4-6 12, ZTAHJK, TAKIK, 13 A OFIMIZI1T 2 HBAIRAIMEN T O IL38 DK
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Volatilizazation ratio (%)

R TRT
St (Siy Ca, Al, Fe) (IZoWTiE, WINDOEMIZTEB W THEBIIR OGN - T,

Cs #&ieT Vv h U4 (Cs. K. Na) [ZDOW\WTiL,

THIRICBNTOHA F IR BN RS

AU, Cs FEHCRIT 83.7% E VM &2~ Lz, ZTHIKIL, CLIEEMN 1.9% MO L0 & Emhn
ST Z EmE EERTIMEHTH ZHJRP O Cl BMEEFEIE UCEA LT Cs #HF#E, #
Mgt EZOND, THKFO Cl 1%, BESOEEMICHET L OMR%L <, NaCl,

KCl S&H#HEA & U CIER ATRE 72

TBEEAF L TWA I ERSMoTNE D F7m . ClEENE

Mol TFARK, TEE AICBWTIL Cs NMFEAFER L -2 &b, HIZE RS
i L7272 ClE Cs 2R BET 2 Z LI TEX W2 LAV RE N,

100

80

60

40

20

-20

e— Mineral element — P} Alkali metal —pa— 12 le— Mineral element — Pl Alkali metal —ple— HeaVY
metal 100 metal
<
£ 3o
2
]
o
c 60
2
=
8 40
I
N
B 20
L . —-—v—l E
] O ™ =gy H B i
-20
Si Ca Al Fe | Cs K Na|zn Pb Si Ca Al Fe | Cs K Na|zn Pb
(A) Waste ash (B) Sewage ash
[4— Mineral element — €= Alkali metal —pje— Heavy
100 metal
)
E 3o
2
]
o
c 60
2
]
8 40
@
N
B 20
°
>
0 __-_'_-_'_._'_._J_'_—_'_-_
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Fig. 4-6 Volatilization ratio of each element in the condition of no reagent addition [1,350°C]
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Volatilization ratio of alkali metal (%)

EeEITHE (Zn, Pb) IZOVTIE, HEA BV TORFEREBARON, THAR
FIR CEEEDN 139% EEM L0 b @Emho-Z b, FOHESIZEY Zn, Pb O—E
BN, HELZOTIEIRWhEEZLND,

1)-B CaCl, NI & BiBER{REE

Fig. 4-7 2. ZTHJK., FAIK, +H A CaCl ¥R LI=&ph T, kB CligmE L 7
AV EJEOFHER L OBRZRT, THIK, TARK, T3 A WTFHADOEMIZIBW TS CaCl
BIRE RS EVIEE T VA ) BB ORI <, CaClL 2y Cs HERENR A+ 2 Z &8
RENTZ, Cs fEHERE 90% L L E 35700 CaCl, DLEFRMEIL, ZHIKT 5% (=it
HCLIRE 4.5%) . FAKKT 30% (=Bt CLIRE 19.2%), 1 A T20% (= Cl
IR 12.8%) ThoTo,

[Fl— ClLREE CHIEM ORER AT 2 &, EMMEIC L ERERERY [ ZAHK > F
KK = A ] OFFINRLNTZ, RERICBT 256K, INEVEE, AW O S1%
—ETHDHT END, ZOFIOERIZAT VT OFREDENIH D B2 BN, AT T
DIEILLE DO TIE4-3-3 TR T 2 08 SRR E WA T 7 O J5 73 CsHEBERITE W,
Z T, BEMOBERIRBMEETD AT ZICHOWTHIEE 2B L, el L7, L
LTI, B3 ETHWEbD LU, - RB T T A O 2 FHl AT RE 72 6 AUk
REE MW, TORR S M O AT 7 ONFRHEIEEE L, T KT 0.639, /KK T 0.514,
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Fig. 4-7 Relation between CI content in sample and volatilization ratio of alkali metals

in CaCl, addition condition [1,350°C]

AT T OWEEDENTH-T-EEZLNT,

TSV BJEOFEBRZ TR T D & WTROEMIZB W THRFEZPRE WD
FEFEELS L Cs > K > Na JOFABRR SN, K7 07V BTV T, Table
4-4 (2RSS OB A 9% | Fig. 4-8 ICEIFIARRIE AR 20", KIEE CTORMARLIEIL, NIST
Standard Reference Database Number 69 07— 4 "M% FIWCEHE L7z, RS B2 - 72 @]
THFDILHEIFZ EHALH O ME <L 23D 1,200°CLL_EOAERNR LIk IZ 35 1 2 fafn 28 &UE A
NSl Z b, BT AR BBEAMOERKIEDEBNIER LIZFITh o EEXD
b,

Table 4-4 Melting point, boiling point of alkali metal chlorides'®

Co:'nar:]):nd MW Melting point Boiling point
CsCl 168.4 626°C 1,303°C
KCl 74.6 776°C 1,500°C
NaCl 58.4 800°C 1,413°C
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Fig. 4-8 Saturated vapor pressure curve of alkali metal chlorides
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Fig. 4-9 Relation between combustible content in sample and volatilization ratio of alkali metals

in AC addition condition [1,350°C]
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TNAHVEETHE, BEEBITHEDOE | A A b3 X —"9% Table 4-5 1”7, T/ Y 4
BITESREET HEH 1 A M I X —=BENZ e D, BEEBIZ OV TUIIHMERK
BINZ L0 MR 5 124 R BRI SE T SV CHEBAMEE Ses, T h U &RICoOWT
T M RE N E TR HARA~OR LN Z 012 <, HEEMEE SRt BE 2 b
Do

Table 4-5 First ionization energy of alkali metal and heavy metal element'®

Classification Atomic Element First ionization energy
number name (kd/mol)
55 Cs 375.7
Alkali metal 19 K 4188
11 Na 495.8
30 Zn 906.4
Heavy metal 82 Pb 715.6
48 Cd 867.8

1D-D CaCl, &EFMHRDEERMICEL HIEREENRE

Fig. 4-10 |2, ZHJK, FKIKIZ CaCly E{EMER ZIRAG I LIZSETOT V0 Y &8 OFEHL
KaoRT, EMHKE CaCly, LIRATIT 52 L2k, B EDNENEET DR LE 2>
7o, BB X 2B ICHERPEZ DR 0o 2 L2 EET 5 L, IRATINC X 0 & o
ML Z o7l TiEe <, IEMHERARBIE L T Cs TR HEOBEESENMEF L, Cs O
REMS Cs,0 75 CsCl ~BE L7 Z L2 k0, H{bERMEEE N L E X D,

Z T BBENIE L CsCl H ADAER & DRRIZOWT, BV 3 21T > 7=, Eq. (4-2)
DIEWERGEX T AT RN X =% ME O X7 AT 3 L= 19095550 Cl, T APEE 50
ppm, 100 ppm, 500 ppm 5 F CHKELF /3 ETD CsCl H AP yEEH B L, 7 vy b L7,
RF. FHETIX, Cs,0(slag)D AT AR OTEEBRBUIFERME L 45 Lo 2x10P & Lz,

Cs)O(slag) + Cly(g) = 2 CsCl(g) + 1/2 Ox(g) (4-2)
g : A, slag: A7 7 HH

Fig. 4-11 12, 1400 CTOEMEETT, WITHD CLIRESME FIZHEW TS, BESE
DMENE E CsCl A DY EREDFER E R T2 2 L b | IEMHERIINC XY Cs ol
BEOMBIEMETTHE, CsNCsCL AT AL LT, EWEEICRDZENTRENTE,

CaCl, & {EMR ZIREWM L7-fE R, ZAIKTIE TCaCly 10% +IHMR 10% ] W, [CaCl,
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Fig. 4-10 Volatilization ratio of alkali metals in CaCl,-AC combined addition condition [1,350°C]

-9) -



Cs volatilization ratio (%)

1-E

0.08

[
Cl2 500ppm
E \ = . =Cl2 100ppm
S 006 L eeeee Cl2 50ppm |
g
S
]
5
0.04
5 T~
.-§ \ \\
g- o \ \\
o 002 -
— ° -
0 . Slr=-. o
[ T P R IR Ty S
L [ i L
(2 N R B LT ETTTTY PP PPN S
0.00
0 0.002 0.004 0.006 0.008

0, partial pressure (MPa)

0.01

between O, partial pressure and CsCl(g) equilibrium pressure

BRIEEDERHF E LTOME

Fig. 4-11 Result of chemical equilibrium calculation at 1,400°C concerning the relation
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Fig. 4-12 Relation between Cl content in sample and volatilization ratio of alkali metals

in PVC addition condition [1,350°C]

B8  F DIRB TN ENREI LD TIZRW N EEZ BN D, AR JFEE B CaCly
CRIFRE D Cs FHBURESI R A2 A L THBY . CaCl, (RO EHI L L CIEHTRETHH 2 L2
BAGMNE o7,

2) BIEMOEEOEE

Fig. 4-13 12, T3 A IZHE#FH & LT CaCl,, NaCl, KCl ® 3 fifi% 10% M L7254 T
TVH ) &R OMEBERE R T, @Al E LT Ca0 % 3H5E T 10%, 15% D 2 KAETHRM L7544
TR L7, Cs #EHEOFFL [ CaCl, > NaCl > KCl ] &720 ., CaCl, DfEREHER F
D o To, KR, Na BRI oW T HRFEEOMEN TH - 7248, KCl ZERNL
TS CIE K FEHEE DY, NaCl Z U L7250 Tl Na flBCEN . ZNE IS4 TR b
EWAER & 7257, Fig. 4-14 12, CaCl,, NaCl, KCl OfafiZ&&JE % 773, NIST Standard
Reference Database Number 69 ®F — % % W TEHE L7-, NaCl, KCl % CaCl, & b5 &
fAfIARIENE L . WAL REO £ £ THEB LT W0, EBREDRIMEN-7- B %
5iLb, Fig. 4-1512, CaCly, NaCl, KCl Z¥#h L7=&MEC BT 2 it B RO R 2 7R
o Ca [THEHCEN 10%RRETH D KEDNB AT FHIZEEAF L Tz nd, Na, K T EHER N
50%mitE TR DBMERLL TR Y . RIS TO NaCl, KCl OFEBMN LT &R0 5,
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Fig. 4-13 Comparison of volatilization promotion effect between CaCl,, KCl and NaCl

[Soil A, 1,350°C]
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Fig. 4-14 Saturated vapor pressure curve of CaCl,, NaCl and KCl
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Fig. 4-15 Volatilization ratio of added element as volatilization promotor [Soil A, 1,350°C]

) RSUDEBEEEDEE

3)-A EFIHMIC & BIEEEDEM

Table 4-6 (2, 13 BIZRAI & L THMEREOILEW A IR LR TOWRA T 7 OfLAL
ENEIIEILE 2 or g, BHE B ORI L 0.528 ThHo7-28, MAlIZRINT 5 Z &I
KU K DRI TITA T 7 ONFHIE I N U7z, Li iINSA:C OGN e
HRE<, 0.610~0.653 L7272,
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Table 4-6 Composition and optical basicity of slag in the condition of adding various kinds of fluxes

[Soil B, 1,350°C]

o Composition Optical
e Examination ) - basicit
: SRS SiO, | CaO [Al,05| FeO |Nay,O | K;,0 | ZnO | PbO | Li,O | MgO | B,0,4 Y
%(dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry) =

Soil B 5771 27| 129] 29| 30| 24 0.528

5-1 Li 20% | 56.5| 8.7 12.7] 3.2 23| 1.1 13.6 0.610

5-2 ) I, 206 520 9.7 11.9] 30| 14 06 225 0.653
addition

5-3 30% 56.0f 26| 13.3] 3.1 19| 1.2 246 0.641

5-4 N 20% | 572 9.2 127 31| 120 14 0.578

5-5 .E.’ 20% [ 52.1 92 11.3] 30[ 195 1.0 0.610
addition

5-6 30% | 54.1 25 11.8] 27| 233| 1.2 0.602

5-7 G 20% || 53.4| 243 11.3] 29| 20| 1.2 0.590

5-8 @ Joou| 456] 350 9.9 26| 10/ 08 0.627
addition

5-9 30% [ 45.7| 309| 103 27| 13| 08 0.617

5-10 M 20% [ 53.2| 8.7 115 3.1 1.7] 1.2 179 0.580

5-11 g 205 474 8.7] 10.1 26 1.3] 09 26.9 0.600
addition

5-12 3% 51.6| 2.7 119 28| 20 1.2 274 0.584

5-13 F 20% (| 51.7( 8.2 11.0] 211 2.1 1.3 0.536

5-14 S foos] 419] 78] 92| 319] 17] 12 0535
addition

5-15 30% | 48.1 22| 10.1] 378 22| 15 0514

5-16 B 206 560 89| 122| 32 57| 1.7 11.2 0.536

5-17 . 20% 52.4| 87| 11.1 26| 83 15 16.2 0.537
addition

5-18 3% 50.6| 26| 143 28| 98| 1.9 18.4f 0.525

5-19 Pb 20% | 614 8.6 125 27| 24| 16 12.2 0.537

5-20 . 20% 57.01 87| 11.7] 29| 24| 14 19.8 0.539
addition

5-21 3% 675 2.7 13.8] 25 29[ 19 20.7 0519

5-22 57.6( 96| 169 35| 23] 13 6.5 0.579

5-23 431 166 85| 229| 13| 08 0.565

5-24 Others 445 90| 95| 242 30f 1.2 56| 0534

5-25 516 83| 102 27| 22| 15[ 203 0.544

5-26 50.7[ 19.0] 109 27| 46| 1.2 11.2 0.561

3)-B BFIFMICKDIRSVBFRMEDML
Fig. 4-16 (T, %5 T OV RS R A4 37, JBGE & L CIddEE T CaCl, b L < I3BEH
B 10%AIN L, TRl 20% +CaCl, 10% ) #90, TELA] 30% +CaCl, 10% 1 70, TREkAl 30%
+BEHE 10% ) WSO 3 Tl L7,
T3 B OFAIRIFIN CORTEEIX 1,450°C T HIZIE 0% TH o728, BAIZIRNT 52 & T
AT 7 ORI TR b E E L, BARC L 2RO, MR TRomY Thotz,
Li > Na > Ca, B > Fe > Mg, Pb
AT TN RO T T A LB Z HNDHD, BRI OWTIE, SRR DM
FROSETE T A BNEFET HIF SR T2 GERlR), 07D, WL PRI R &
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TRIEED 100% & 72 572, 1,350°C TIRITEEN 60% LA B & 72 0 IRELEEFIRECTH D L B2 b
T AR X TRl 20% + CaCly 10% J NS Tl LiuNa o 2 f#H, TRl 30% +CaCl, 10%
NS TIL Liv Na, B, Ca @ 4 f&8, TRlAI 30% +BEHE © 10%) #AMNSAE T Lic Na,
Ca D3IFIHTH o7z, AT 7 OBIEIT, BAFEIC LY R0 | Li. B, Pb @IS TIERE
th, Na NS Cldfkta, Ca, Mg ININSRME TITAE G, Fe NG ClIRBtE 2 LT,

100 ¢ < < < { === J?
Li 7 —o—Li2€03
I"’
80 e/ --8--Na2C03
v /]
< Na .-° /
S 2. /i Mg —A— Ca(OH)2
.é' 60 ”,’ l‘
:g S Il’ I --0--Borax
fb ”, o---"""" O ///
k= 40 7 /‘ 2 —0O— Fe203
% /’ Pid B —D Pb
s ‘o, Fe -
20 ="/ © vty --0--Pb0
W —>— Mg(OH)2
0 T T T

1,200 1,250 1,300 1,350 1,400 1,450
Temperature (°C)

(A) Flux 20%+CaCl, 10% addition

100 —= —
i eemeeemfOT —o— Li2C03
Li ”t’ /,—O‘ f /‘ |
”~ —"’ B Fe
g0 .~ Na © --®--Na2C03
’ -4
[ L7
Ca o —A— Ca(OH)2
60 o
,” Pb =-=@--Borax
J_rl
40 pras —O—Fe203
”
rd " Mg
-41--PbO
20
/ / —>— Mg(OH)2
0 £ .

"

1,200 1,250 1,300 1,350 1,400 1,450
Temperature (°C)

(B) Flux 30%+CaCl, 10% addition

Melting fluidity (%)

- 98-



100 S —_———
Li--- —o—Li2€03

30 --l--Na2C03

A / —A— Ca(OH)2
60
/Z B _oe=" © /Fe --@--Borax
------- -
40 o —O—Fe203
id /J ______ {]
277 Pb
2 o — X | =-O=-PbO
O------- o
Mg —>¢— Mg(OH)2
07 . : . .

1,200 1,250 1,300 1,350 1,400 1,450
Temperature (°C)

(C) Flux 30%+W-PVC 10% addition

Melting fluidity (%)

Fig. 4-16 Result of melting fluidity test in the condition of adding various kinds of fluxes [Soil B]

3)-C RFIFMICK S Cs BEHEADFE
Fig. 4-17 |2, &5 CTOERBRBRICB T 27400 ) &R OFHEHREZ <3, FAIREIC L 25
BURHEZD RO FFIIL Cs fHHCR, KR, Na @EERLICHATROBY THho7-,
Li, Ca > Na, Mg > Fe, B, Pb
INE, AT T ONFIERE LT A H ) SROMEHEE ORRR T e vy 95 & Fig. 4-18
WY LB, NFAEEIEE L 7L h Y &R OERCERIZAM R IEOMBI 2R L, LA
FEREWAZ ZIZET VR ) BRBOEBER b ENoTc, LR > T, MAIOBRINZEY X Z
TOWEEZEGDDHZLIZRY, AT 7 OEHRMEN T E U CHEELEILEIRS R 5272 5720
T <, A= CLININREIZIBWT Cs R L2 @O 6D Z ERHL NIRRT,
WA Z T3S R OB T T ATH D B2 LD, MBIz, SE/laIck
DESE L BB L CH T ADME Z KT 5 Si0,, POsZEOMERIL . 4 4 U fEAICEY
Fed L AT TICESKHIT T 7 ADOM A Z i+ 25 CaO, K0, Na,O % DMLY
ICRABIEND 2D, Csix K, Na & RBRICHERMEREYIC BT 5, BRI, BRIER LIk
T OEENER b ORI A KB LT FREE Tod 0 | BB U TR (b4 O HhsR 231
D&, AT T DAFTUAERMUNEED . BUIRENEINT 5, 207D, Cs HFOHE M
% L IABIASE L OO TSN L T —a U ARFHED | CsIXER LT 2D
EEBEZBND,
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Fig. 4-17 Volatilization ratio of alkali metals in the condition of adding various kinds of fluxes

[Soil B, 1,350°C]
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Fig. 4-18 Relation between optical basicity of slag and volatilization ratio of alkali metals

in the condition of adding various kinds of fluxes [Soil B, 1,350°C]
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MRIIEIROLMETILEL . FIREL 1450°CE TR TRM A RGN L2< Th
99%LL L0 Cs HFEN B NIz, MiIE L, FIGHEENE S | 7327 vl U &R ORZES
FEH @ (Fig. 4-8) 723, Cs OHEEM L 0Bt Shi- L Z 2515,
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Volatilization ratio of alkali metal (%)

37.0 Cs
20 o—K [
—A— Na
O l
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Temperature (°C)

Fig. 4-19 Volatilization ratio of alkali metals at 1,250°C, 1,350°C and 1,450°C
[Soil B, CaCl, 10%+Ca(OH), 30% addition]

-4 ERAER
4-4-1 HEBRAB

HOMYE Cs 28T DRIR, AR, HHZRROIM & LT, Cs WM & A0 ERE
LUV T OTEREBR 21T\, HLD TR OTRINC E 5 HOHPE Cs ORIRE 2, #iti =
BBEEIRIE T Cl OFERIRAEZ R BRI O, HRAE DI >\ Tl 21T - 72,

4-4-2 FHH
1) E#

T, BORYE Cs 258 2 BB O ZHIK (FIK, K . 1 FF O FAKIK, 2 fifHO 58 (-
BA THEB osSHEEE L, FK, RIKE, F—0R h—IXE Z AR 5 HEH
SIVBERIEIK, BEHIFIK CTH 5, FKRKIZ, TRENRZ T KIGIEBERNF 2> b HEH S 7= i &)
JKCThDH, THEA, HHEBIX, wERANOKEERENOCERIRLMELEHETHL, W
DM 2mm UL EOHKIY) D F % sk T L, 248% 2 mm A & UCTHER L=,

Table 4-7 |2, FebF OFARRIHTAE T2 7”97, oFr 7k, Cs. PCs LISMZ DWW T, 4-3-2
DIZFRE L7z Cs TRIRBR COEM oo Hik L F—& Lz, P'Cs, PCs iz oW T, ikhfae
REGSHETA 74 REA. K 234 12 A) ITES&, Fa~=v 28R

(CANBERRA #:, 7500SL) (2 X v E& LT,

THIK, FARIK, THEOTEEMANOT ALY &R, BEEBORE L ~LIZHOWN T, Cs
IINFRER O Febt L R Cd o 7o, BURBRIREEIZ DWW TIL, ZAJKILFIK T 1,780 Ba/kg(dry).
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TREPK T 11,000 Bg/kg(dry), F/KJK % 28,400 Bg/kg(dry), +HEi% 258,000 & TX 38,900 Bq/kg(dry)
Thotz, MCs & PCs DRIZONTIE, THIK, FAKEOHHE A 1220 Tk 2011 42
BEL AT L7272 4 : 6 DR TH 7243, BB IOV TIE 2014 FITEEL T L
7ol FREH OB PCs DRRME T L, 13 Thot,
THIRIZDNT, FIK & IR OPEH T K ORI HTAE SR & 035 . BT S ABEEF I BT 5
HILHE D FEIK —FRIKHE OB LR 2R Lo, #3R% Fig. 4-20 1IC777, SR IO T

Table 4-7 Composition of base material

Si0, | Ca0 | ALO;| FeO | P,Os | Na | K | ™cs | Wgs |3*'%cs| zn Pb cl
ez Ba/kg Ba/kg Ba/kg mg/kg | mg/kg
%(dry) | %(dry) | %(dry) | %(dry) [ %(dry) | %(dry) | %(dry) (dry) (dry) (dry) (dry) (dry) %(dry)
Bottom
ash 39.1| 168 | 11.9 58 25 20 15 800 980 1,780 | 3,800 | 540 | 0.57
Waste| (BA)
ash™' Fly
ash 104 | 34.6 44 1.1 0.7 2.6 34 4,800 6,200 | 11,000 {11,000 [ 2,300 | 23.0
(FA)
Sewage ash™ || 29.7| 105 | 13.1| 103 | 238 1.3 1.3 ] 12,200 | 16,200 | 28,400 | 3,200 130 | 0.24
Soll A 64.0 221 193 6.9 0.2 0.9 0.8 /111,000 {147,000 |258,000 60 131 0.003
(o]]
B 664 27| 157 43| 0.1 22 27| 11,000 | 32,000 | 43,000 36 10| 0.01
*1 Waste ash : Abbreviation of municipal waste incineration ash
*2 Sewage ash : Abbreviation of sewage sludge incineration ash
— ¢— Mineral — P> |€¢— Alkalimetal —p¢— F::t‘;‘: —¥ others
X 100
€
Q
E 80 - el
Q
=
& 60 - HEn
Q
[T
(=]
2 40 - -
o
_s 20 ]| OFlyash (FA) | |
E M Bottom ash (BA)
2 o ia
< O O <
™M
—
8

Fig. 4-20 Bottom ash—fly ash distribution ratio of each element
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TIK DRI 900%H1# & - 7o (Ca iz oW Tk, PEA A LBELEFE CTERME T AALELD =12
Ca(OH), ZMEFERIMT 272D, ZOHETEIROHEMEWEYE L /e o72) 23, 70 ) &R
RESRBIZ OV TIIRIKD RN G < BEE Cs 1220 THK 70% B FRIRITAFE LTz, #
T ZIT A Cl KON 2 G H LT 5120, T8 U &RCEAe R, HEH 23R L
R THHEHFMNICIBE W T ERENEMOBEL . RIKIZRShTZEEZ BN D,

2) 1EEF
RN, 4-3-22) (ZF0H L 72 Cs WNERER & [Fl— D CaCl, k3K, 1EMERRILZ F 7z,

4_4_3 Eﬁ%ﬁ%#f‘
T Cs DEBURFE 2R T 5 720, TRt d 4 HAICOW T, EBRE L~UL TORR
KBR % 1T 57, Table 4-8 (A)~(D)Z, TNLNDRERSEM %277,

1) ERFEIRMIC & SMETE Cs DR ENR

IR, TR, 1HE A IZOWT, EHEI L LT CaClL ke, TEMERGREEZ 5~30% DEUK
AECHUMIRIN & 72 R AN U7 2 TRl 2 0 L. BT Cs. K Na OFEHUEED) R %
AR L7, INBNEEE (4L T 1,350°C & L7z,

2) #WCHBARIKG Cl DIEFREENR

Cl Z @RI E AT 28T ZHBERTRIKICHE H U G & L TORIKDOZNR 2 i Lz,
K, IBAIK (EIK EFRIKDOIREY) Zilkh e LR BRZ1T0, 3B DI W TEIKIT CaCly
RIEZ RN L7 TORBR & EHE Cs. K. Na fHERICOWTHER L7z, IBRAIKIE, Y
ZBEHIF COPEHEERICHE T | FIR ERIKEZ TEEILER 75% : 25% TIRE LK TH D, INE
IR ITILE T 1,350C & LTz,

TR, RIK . IR ATKIZ CaCl ik % 0%, 15%. 30%Ushn L 7=3EHZ 2T, 900°C. 1,100°C,
1,350°C GRBR 1) THEMEH) . 1,450°C O IRFESRMECilBR A i L. BEENEE ) O IRmhiEE £
TOWRIAVREIIZ 31T 5 Fckt i Cs. K. Na OFEBURERNF 2 4 L7,
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Table 4-8 Test condition

(A) Volatilization promotion effect of radioactive Cs by the addition of volatilization promotor

Blend ratio of sample
(by weight)
o Volatilization
No. | Base material BemiEien promotor (VP) Tempe=
contents Base rature
material | Chloride Corrn—
bustible
CaCl, AC
1-1 100
1-2 95 5
1-3 90 10
1-4 Chloride addition 85 15
1-5 80 20
1-6 Waste ash 75 25
1-7 | [Bottom ash 70 30 1,350°C
1-8 (BA)] , Ny 90 10
s Combustible addition 30 20
1-10 80 10 10
1-11 . . 70 10 20
1 Combined addition 70 20 10
1-13 60 20 20
2-1 100
2-2 . .. 90 10
73 | Sewage ash Chloride addition 80 20 1350°C
2-4 70 30
2-5 Combined addition 60 30 10
3-1 100
3-2 . . .. 90 10 o
s Soil A Chloride addition 30 20 1,350 C
3-4 70 30

(B) Volatilization promotion effect of Cl contained in fly ash (FA)

Blend ratio of sample
. B terial Examination (by weight) Tempe-—
o ase materia contents Base material VP rature
BA FA CaCl,
4-1 Fly ash 100 .
Waste ash 1350°C
a-2 | [Fly ash (FA)] Mixed ash 75 25
1-1 100
1-2 95 5
1-3 | Waste ash . 90 10
14 | [Bottom ash | Sottom | Chloride ™o 15 | 1350°C
ash addition
1-5 (BA)] 80 20
1-6 75 25
1-7 70 30
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(C) Influence of heating temperature

Blend ratio of sample
5 Base Examination (by weight) Tempe-—
® | material contents Base material VP rature
BA FA CaCl,
5-1 100
5-2 . 85 15
53 _s0¢ 70 30 | 900°c
Incineration
5-4 100
5-5 75 25
5-6 100
5-7 . 85 15
5| Neste | 1100C 70 30 | 1,100°C
ash incineration
5-9 100
5-10 75 25
5-11 100
5-12 . 85 15
5-13 L459 C 70 30 1,450°C
melting
5-14 100
5-15 75 25
1-1 100
1-2 95 5
1-3 . 90 10
2 Waste 1,359 C 85 15 1350°C
ash melting
1-5 80 20
1-6 75 25
1-7 70 30

4) TENEOEZE

BRBEE O HATBIR NG P i, BRYEESE OB LB OV T, o RRLER b m LB (O
RALERSE) OHM S L < ITHAEPEE S, mELEE AW 556813, B8 HRIZ XD ik
SHE Cs DN S D L HEE SN A MIRIE oy ~Om A SR ShTWnwd, 22T, 1B 24
K 5y & DRI 2 & SRR BE L. B2y O B OV CIRRARRBR 21T o 7o, HLURIE 43 & A
B 53 DBERBIR E LT, eI NOSEER LOREMNRRTHD 75um & L7z,

THEB ZMWS2 W ToHfk L. 75 pm UL EOFRIE 5> & 75 pm A OHOBIE 7312550, %
NoAT0CTHR L, FE & Uiz, MRIE Sy, MRRLE 5 DB HAIT DWW T, fHEGHRIRAINS:
RO CaCly 20% NG TR 21T o 72, S BT, CaCly 20% IINSRFIZ OV TIE,
CaClL IS 7L 2R A, MRIRA & L 2 £ CTiTotz, mREAIE. By MBI 57
L— U CORMPIBGEZMEE L, b L CaCl, ZFTEHIG THRILIC AN TS UCHIEA L
7= MAREIL, v v 7 F—TOERBMEIE L, CaCl, & KB KICEAE L THEMITEZFIR
ML, 70C Tk S TREG Lo, atakik o iNEE A 133808 T 1,350C & LTz,
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Table 4-8 Test condition

(D) Influence of the particle size of soil

Blend ratio of sample
i |
Base Examination (by weight) S?mp © Tempe—
No. K mixture
material contents Base VP o rature
i method
material CaCl,
6-1 Particle size of 100 Dry
6-2 base material 80 20 Dry
>
6-3 . Z75um 80 20 Wet .
Soil B 1,350 C
64 Particle size of 100 Dry
6-5 base material 80 20 Dry
6-6 <T5um 80 20 Wet

* Dry : Mixing base material and VP reagent by medicine spoon in a ceramic dish
Wet : Spraying base material with VP aqueous solution and drying in a oven at 70°C

4-4-4 HERAE

B IE, BERERF (Fig. 4-21) 2 AW T To 72, B2 HEOREAR — b (W 37 mm
XL 118 mmXH20 mm) ([ZFedE L, PR ICFEE Lo (650 mm) OHIZHA L, 30
OyFRR L Cisal Lz, BRLR— R 2AREkY A X (W26 mmXL 90 mmXH 14 mm) £V KX
<, REIREEN S -T2, MERFHZ 30 o & L7, PaBrza I L, fekthA4 X
OREIAR — N MBI A 15 2 & LG & RRE O & 725 2 & A fegd Uiz, InEL
Bpid, % U7 AL LTAER%E 2 Lmin fitl SE72, HA T 2AXHE AL ONEMERIZE Y
FEHPE Cs MO FEMS ZRE L LT - L, 30 ik, BRAR— & FRNs 5 E
HL, ZXPCHE L CHRMAI LR, A7 72 HEA— Fh oL, BGHE Cs RO
TEREDEAMEZ 3N UTo, 98T HIEZ, M OoHr ik & Fl— & Uiz, Btk Cs offHes
L Bq. (4-3)I2 XLV, KoEOMEBERILAE L7Z Eq. G-DIC XV EH LT,

AT JHEBEX AT THOBEHE Cs R

P Cs R (%) = (1 — ) X 100 (4-3)

Al X RURL T O J 1 Cs L
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Fig. 4-21 Picture of electric tubular furnace

4-4-5 HRERLEBE
1) EBEIRMIC & HHEE Cs DIEFRIREHR
1)-A  CaCl,&KhnIc & BIBEUIRESR

Fig. 4-22 12, THJK (FJK), FAIK, 18 A CaCl 2NN L7=RMEICk T 2+ Cl
BREE & HUR I Cs L OVK, Na OFEHER & ORfRZ R T, £ TOREMITIBVT, CaCl IR
DEOE EHURTE Cs OFEHERITEWEER & 7220 | CaCly [T Cs (25t LT b R ) R
EHTDHZENRENE, EEICBOTHEWEBENMEONTZ Z L IR IR T
TN HRENT R AE LT B Cs IS8 L THO AR DB TH O | s Cs OfFETEREIC
IOPHAFRETHD Z ENRSINT,

FHE Cs IR 2 90% LA E & 5729 D CaCl, DLESMNEIL, FIK T 15% (=ilkth
CLIREE 10.1%) . T/KIKT 20% (=B CIIREE 13.0%) . 1 A T20% (=7lkH CI R
JE12.8%) L 7po7-, Fig. 42312, &M TD CaCl IRINSAFIC BT D A5 ER T O Cs
FEHCR & Cs IRINEAER COIERU M Cs FEEER & O s R A4 73, Cs IINERER CIXIERSE
D Cs,CO3 ik H A 0.5%AM LTIV | PCs FEAED HUFHERE B 9% & 13.1 Jk Be/kg & HT

AN A FMETHoITHE D BT, W COEBRIIFREDE TH o7, LA
5T, CaCL#IMFE L AT D DIE, Cs DFEHE TR < Cs DXIRDBLLELRTH Y | FEEEO
FEME Cs IEYITxt LT % FERBURIE Cs 120U T W HEECR AN & 7= SEAIT NS Tl
ALV 21T 212, FIFREICE WV Cs RN G LN D EE X b,

TOH VA ROERE L TRINCIE T 5 & Cs UakER & FRE, B2 [ gt cs > K
> Na | OFFINRR G, Fig. 4-8 IR L7 | &7 40 U BREAY) OZAKIEDIENIZ
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Fig. 4-22 Relation between Cl content in sample and volatilization ratio of radioactive Cs, K, Na

in CaCl, addition condition [1,350°C]
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Cs volatilization ratio (%)
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Fig. 4-23 Comparison between the volatilization ratio of radioactive Cs in actual ash test and

the volatilization ratio of non-radioactive Cs in Cs addition test [1,350°C]

Fig. 4-24 12, "Cs HER L P Cs HMR & OBR 2", FM OFEECHEE R o gt
IZ X VEBEROMITR R o728, PCs R E YCs ERRIZIEOLICB O T HIZIER T
& 720 Cs FNARDENT X DB IEOBEWNIR G ho T,
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Fig. 4-24 Relation between **Cs volatilization ratio and "*’Cs volatilization ratio

in CaCl, addition condition [1,350°C]

D-B EMERAMICK DIERIEENR

Fig. 4-25 12, THJIK (FEK) IZIEMERZ N L7223 00 230 R IR L & Bt
Cs KO'K, Na QR E ORRZ R, BUHME Cs IT20W T, JEMEROIRING X 2 iR
OEMTR ONT, FHEREDRIZA LN o7-, K. NalZOWTHEEKTH o7, Table
4-5 \ R LTz, TR ) ERIT RN L E TR HEAA~OB TN Z D IZ Wi,
HEMEES NPT B L BND,

& 100 | |

3 —+ Radioactive Cs
= 80 K .
(@] —— Na

[J]

2

S 60

.8

he]

e

% 40 L

K]

s & T~

5 2

)

n

= LR —Q— A

o T X T
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Combustible content in sample (%)

Fig. 4-25 Relation between combustible content in sample and volatilization ratio of

radioactive Cs, K, Na in AC addition condition [ Waste ash (BA), 1,350°C]
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1)-C CaCl, &EFMHRDEERMICEL HIEREENR
Fig. 4-26 |12, FJK, FKIKIZ CaCly & IEMER ZIRA U U 72 Sk T O RS Cs X TVK, Na

DB ZRT, BEME Cs 12OV T IEMERE CaCl, SIRGIINT 2 Z LIT kv | HEBUR

RN HFER L o7, K. NallOWThHREBETH -7, Fig. 4-11 [TRLIZ@Y |

TEVERRDSRBES % Z LI KV Cs uREBH OB EIMET L, Cs DAl

CsCl ~BE) L7z, LR MeES e LB N5,
CaCly EEMER Z R AN LIfE R, TARIKTIE [CaCly 30% + &M 10% ) BINSAE T,

Volatilization ratio of radioactive Cs (%)
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e
©
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T 50 A T
10% 10% 10% |20% 20% 20% |30% 30% CaCl, 10% 10% 10% |20% 20% 20% |30% 30%
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Fig. 4-26 Volatilization ratio of radioactive Cs, K, Na in CaCl,-AC combined addition condition

[1.350°C]

-112 -




Volatilization ratio of radioactive Cs (%)

2) #WmTHBEARIKS Cl DEBZERE

Fig. 4-27 12, MK, BAIK (FEIK &K 2 EEIER 75% : 25% TIRA L72JK) % CaCl, £
TN CHERL U 72 1031 230 CLIREE & AU Cs Je VK Na DR & ORtRZ R,
FIKD CaCl TN TORER & LT D, BT Cs. K. Na 2, K, IRAIK TORHL
FIIFIKICFERED Cl Z RN L7 TOMBER L FRROMETH Y . RIKF D Cl A CaCly
ERIFREORHBURES IR A AT 5 2 LRSI, RIKIZIEX, P67 AH® HCl % Ca(OH), T
HFIBR 3 2 BRIC AR L 72 CaCly SOBEENF N TS L7 NaCl, KCl SO b & i,

100 O 100

89.4 T 9 o—a 2
A : 96.1
el

80 80
/ 69.4
o ;
60 B 60
40 40
J —_—Fly ash / —&—Fly ash
20 —— Mixed ash

20 —— Mixed ash -

K volatilization ratio (%)

—{ 1 Bottom ash + CaCl2 J —{—Bottom ash + CaCl2
0 ! ! 0 ! !
0 5 10 15 20 25 0 5 10 15 20 25
Cl content in sample (%) Cl content in sample (%)
(A) Volatilization ratio of radioactive Cs (B) K volatilization ratio
100

@
o—H g
80 yugd

'
60 /
Z.
40
% —o—Fly ash
20 —A— Mixed ash =
I/ —{+Bottom ash + CaCl2
I I

0 5 10 15 20 25

Na volatilization ratio (%)

Cl content in sample (%)
(C) Na volatilization ratio
Fig. 4-27 Relation between Cl content in sample and volatilization ratio of radioactive Cs, K, Na

in the condition of melting fly ash (FA), mixed ash (BA 75%+FA 25%) [1,350°C]

-113 -



Volatilization ratio of radioactive Cs (%)

INOHEEHIE LTERLIEEE A BN,

3) MBBEOLE

Fig. 4-28 (2, THJK (FEJK) 1T CaCly Z AL T 900°C, 1,100°C, 1,350°C. 1,450°C D%
FETHNEN U722 d6 1T 2306k CLIREE & BUR I Cs X UVK, Na fifCR & OBfRZ =<7,
BESEEL L7 1,350°C, 1,450°C5 &, AUBRSEERL L 72> 72 900°C, 1,100°C5efH & TH7p
DR LT o7, REISARL L7 1,350°C, 1,450°CE:MFTlE, CaCly IRNIER O BENNZ L itk
PE Cs. K. Na WP b EBERS AN U, S CERMEE S - oloxt L, 0B sl
L7252 72 900°C, 1,100°CEA:TlL, CaCly IO 5 FEHCE O B 728823 i 5
TG Cs IZOW T I BER PO T I 2 M2 /L S vz,

Fig. 4-29 |2, CaCl, i3 D TG/DTA s3#rit R % ~3 (Fig. 2-6 D FHE), CaClyi%, 770°CHIiT
TR L, 770~1,200°C T Eq. (4-4)D CL S pUG A2 2 U TR 2355 2 S HEHl S
D

2CaCl, + 0, = 2CaO + 2Cl, (4-4)

IR L 72225 72 900°C, 1,100°CEMAF Tk, CLITRAEL TW=boDRARN DR, £
7o, AL EFET Cs & CL A L DOKERISTH Y | [EFHZE T M UK FHNTO Cl HEEA A
WL BT, LR MERE SN2 o T2 LB X DD, T Cs DREEERN LK
T L=k, i L7z CaCl IRIZ KV CsCl H ADPEB N FE SNzl B X bvd, FHUT

—{1-1,450°C ——1,350°C ——1,100°C —O—900°C —{1-1,450°C ——1,350°C —A—1,100°C —O—900°C
100 100 W
. D/%O/H ., e
¥ B e
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c /74
\ <]
=
40 A 8 40
/ — = E/ . |
20 S 20 - —T S
B
0 ~ - 0
=20 -20
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(A) Volatilization ratio of radioactive Cs (B) K volatilization ratio
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(C) Na volatilization ratio
Fig. 4-28 Relation between Cl content in sample and volatilization ratio of radioactive Cs, K, Na

in the condition of heating at 900°C, 1100°C, 1350°C and 1450°C [Waste ash (BA)]
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Fig. 4-29 TG/DTA analysis result of CaCl, reagent
L. RERAEEEL L7 1,350C, 1L450°CARMAETIE, Ch RAERNE <, £io, B A RiE

Cs & CL A L DRIERIETH Y . Cly DILECRE DS R > T 7= 0 AL MEE Sh 7z LB 2
Y (W
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4) TIERMBREOEE
4)-A BHEES OHSTHE Cs RE

KRB0 13 B M2 ERT 51240, BRASDWIZE D 13 B O0kEITV, HE
Cs DRI DO W THEZIT o 7o, SRRE S OB, HdH: Cs IR % Table 4-9
2, EEER L Cs BHLROLIEE Fig. 4-30 IZZNLRT, HEESE DD, &5 RN O
DK T3 1 A, E L | I DWW CREBRD 0k, T 21TV, EORERZ L Lz,
+HEB 2 &K H I, 75 um R OHRIE 7y O EEEIA D 34~44% L @< . o, b
RIPE DM /3 1F & HHE Cs RN B o T2, T DORER, BSHE Cs D 66~67% A HIRLE 5312 5
M SNDARERE R oo, ZAUTxE L, MEHIEIT, MORZE > O B EEHIG 28 17% S R< . e
P Cs ORI &/ IRIRRDES3IE EEWVERTIXZe <. 75~250 pm B3R b @70, €
DI, ARLES T E D HEE Cs ITEEFIG L FRRED 21%I128 EE o7, KHTHE
X, FEICBWTKIED 247 9 72 OICEKIEDIR VKL - SV F 0 Ea S << EATEBY ., 0D
KE LIS CsWAERRZ A L TS 728 PRI ISR PE Cs BIRAME L T\ e & B2 6 b,
By 352G N D U TE Cs DIFEMLEIC DWW TIE, FeSE TIISR HARES LI, 4
REFZETONT WS, INED 2NT, A A=V 7T L— F EEFHEBEOMETICE 5+
B O RGHE Cs WA B DORFE & 3, HHE Cs 3 3 2D X A4 7 ORKL - Chi L85 T
AR S A7 HEEETRL, RS TSR ALY JA E I B BRI B OHEA TS RERE) ICHFEET D
ZeErHE L,

Table 4-10 12, IAREREROES & U CHWZ 13 B OMBIE Sy (275 pum), ABRIE 7y (<
75 um) OHE Cs, 740 ) & )&, B OB Z <, MRLIE 53 O B Cs IEEIE 81,000
Bgkg TH Y, HBLE D 3.7 5L o7,

Table 4-9 Weight ratio and Cs content of each particle size fraction [Soil B]

Soil B Reference
Rice—field soil Rice—field soil Dry—field soil

Particle
size Weight Cs content Weight Cs content Weight Cs content
ratio (134CS+137CS) ratio (134Cs+137CS) ratio (134Cs+137cs)

% Bq/kg(dry) % Bqg/kg(dry) % Bq/kg(dry)

= 850 um 315 2,160 6.0 540 11.2 5,300
250 — 850 um 225 30,800 21.2 3,090 415 22,300
75 — 250 pym 11.9 59,000 29.0 5,000 30.2 48,000
37 - 75 um 19.2 74,000 271 8,100 71 40,500
< 37 um 14.9 90,000 16.8 11,900 10.1 37,800
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Cs amount

Fig. 4-30 Comparison between weight ratio and Cs amount ratio of each particle size fraction

Table 4-10 Content of radioactive Cs, alkali metal, heavy metal

in large size fraction and small size fraction of soil B

134 137 134+137
Particle size of Na K Cs Cs Cs Zn Pb
Name .
base material %(dry) %(dry) Ba/kg Ba/kg Ba/kg mg/kg | mg/kg
Y il (dry) (dry) (dry) (dry) (dry)
Large size fraction
[=75um] 2.3 3.1 6,000 17,000 22,000 36 10
Soil B
Small size fraction
1.8 1.7 21,000 60,000 81,000 100 15
[<75pm]
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4)-B  1atE Cs EREADHEDEZE
Fig. 4-31 (2, +3 B OHURIE Sy, ARIE /X IZDOW T, 2 FEHDIRS H1ET CaCly & 20% R
MU 7S TOREME Cs. K. Na OfERELE TS, EHDOEBIZONTH, CaCly & 20%
WINT 2 2 & CHeGHE Cs fEBCRITHM L7223, HPRIIE 23 0 5 AMEBR TR ME & 2e o 72,
R 55 O 07 3K 1 D R EAE RS F\O T2, CaCL = Cly A & ORfh RN E < . HALERIK
JEMEHE ST ol B2 bhvd, EHNRGHFIEIC VW TE, %, B EHHICRN
I FEEEDHURE Cs #EBCRDE b, IR FIEOREBIT/ NS WD ENRENT,

B Cs volatilization ratio OK volatilization ratio O Na volatilization ratio

99.2 98.6
100 97.2 97.9 08¢

|

80

g
(5]
2
3
g - -
-
o ]
s 0 - -
o
kS
o 07 N
=
o
c
K] 20 A -
=y
(V] "
N
® o 4 1 S - 1 S [
>° No addition CaCl2 addition  CaCl2 addition No addition CaCl2 addition CaCl2 addition

Dry mixing Wet mixing Dry mixing Wet mixing
Large size fraction [=75um] Small size fraction [<75um]
Fig. 4-31 Influence of the particle size of soil and the mixing method of CaCl,
on the volatilization ratio of radioactive Cs [Soil B, 1,350°C]
45 fEH

4-5-1 Cs FMKER
IEHURYE Cs ZIRIM LT ZHIK, FARIK, HEARBROIEM & LT, Cs OB Z 02

T 5 72D ORI 21TV BUF O RL2 157,

O FEAIRBMEMETIX, g% (Siv Ca, Al, Fe) X OWTIHHEEII R b o 7223,
Cs ZEate7 VAV &)E (Cs. K. Na) ICOWTILZZHIK T, BELJEILE (Zn, Pb) |
WCIE BT, TRENHAEREBRSAONT, THKFO Cl, LEF OSB3 L
¥, BIUCHBEOHBAIE L TER L0 52015,

@ CaCl, DYWLV, BTORMIZEBNTT VD U AR OFEKRITHIN L, CaCl, 28 Cs
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BAREN R A2 AT D Z ARz, 7TA0 Y &RoTEERRIE, HTEFnkEn
LHRIEEEmLS, [ Cs > K > Na ] OFFE o7, HEBERN G- &R FE 5O
FT EV R AL OEFIFRKIEN @ N2 LD KTV h ) SR O
RLAEDEWVICER LT FH ThoTc EEZBILD,

@ HEHHE LTOMEDFESNL [ CaCl, > NaCl > KCl ] L7200 R RIE CaCl,
Wb ENr o 72, NaCl, KClIE CaCl, & b2 L fafnaAKEN @< . HibEREDO £ £ T
LT W, HBUREDR DK -T2 2 B2 b5,

@ JEMEREZBEMBMLTH, 740 Y &RIC OV TR L D EHEE RN A b
einote, L L, {EMHRE CaCly EIRATINTHZ L2k, 7ABVERIZHONTH
BRI A FEL L, 99%LL B> Cs HHERN G Hivie, TEMER OBABEC X 0 3B EE
DEEFENMET L, Cs DL ELRED Cs,0 205 CsCl ~EE L7720, MR
REINTZEEZOND,

® PBEfE L E =/1i% CaCl, & [FIFEE OFBIEEN R A A L TH Y. CaCL O L LT
EHAEETH D Z LR,

® [[l—® ClIRIREESRE T CIE, BEEREWA T I ET AN GROMEBRILE <,
AT T OIFHIEILSE L T ) R OFERCRITIAME /R IE OB 2 8 Uz, JEHLEE D3 0
U CHEMERIEM O RNEZ D &L AT 7O AU FEAMNE T 0 . BEIERS N9
D728, Cs i1 & IEENESR & O OJRF-HIFEBESEM L T7 —a o IR EY . Cs A
LT RDEEZLND,

@ BVEREIZY, TAh U ERBEAMORKIERE N, Cs BERERIZE - 72,

%

4-5-2 ERFER
HHPE Cs Z2 5 Te ZTAIK, FKIK, THEZRBROIA & LT, B Cs OB EEReE %

WRRET 5 72 O ORI 21T LT O 21572,

@O CaCl, DEIMZ LV | B TOIEMITIBWTHIHE Cs DIEEHEREEM L, CaCl, S E Cs
2R L CHOEBIRERN R 2 /T 5 2 EBRGES N, BHEICB O TH R WEBEN S S,
VAR AT 3G -8R BRI S U T T Cs l2xt L C b AR B cdh v . H
P Cs DFEFREICE O THARRE TS L 2 EWRENT, 7B U &EOTENOERK
KOFFHNE, FEHSHE Cs DG ERER. [ BHECs > K > Na ] Thoiz, Cs i
B & YCs fEECRITIZIERE TH Y . FEREHEOBEWIZR b h o T,

@ TEVELR O BB K 2 B ME Cs OFFECRINNI R S 2o 7223 1EMR % CaCl, &
BABINT 22 LT, S Cs IToW T HEBRE RSB L, FAKIZOWT 99%
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(%
1)

2)
3)

4)

5)

6)

7)

8)

Pl EOERERD G BT,

i ZABEHITRIK P O CL b, CaCly 33K & R O HUREI R A A Lo, RIKIZE £
% CaCly, NaCl, KCl % D3 #HEHIE L THMNTER LTcen B2 b b,
BEHNR IR D 900°C, 1,100°CEA T, CaCly TRINC K D FkGHE Cs o B e 7o 4 iR %)
BN o To, CLITRAEL TWELODIRAEEN DR, £z, HALEIE D EAHF
Cs & CL T A &L DKRERIGTH Y | BEAIZR L ORI TO Cl LR & 72 0 o727
O, HALERMEES WAoot EZbND,

LBy RS DORIRL L~ O VAR AT O 248 U, BEORRIE ) (=75 um) | HRLE]
5y (<75 um) IZOWTRBRZ(To72 & 2 A, EBLHLDOESFIZONTH, CaCl, & 20%¥R
4% 2 & THUEE Cs SERCERITHN L7223, HORZE 53 0 5 AMEBCRILE o 7o, MR
53 DTSRI DR EFE @2, CaCly X° Cly A & OEfhFE N E <, LR IK
JEPMEHE SN T Do T B X BILD, CaCly DIRA FTIEDEEIT/ NI o T,

45 BEIH]

BREEA HP o o[ Ry i b 5% A oY A b [ R i b % O BEZE . http://josen.env.go.jp/
chukanchozou/about/, %/t 2016-02-29
BREEA - PRITERE HIREORE - ARSI Rg Pk 28 454 A)
LI R, RN IELE 0 7T I<INBUZ L 2 HEEHABESEMR AL BRI D& & 0 DRI 5
B, F 773y 7= FHF%E. Vol.6. No. 1. pp. 91-99 (1999)
L o, R IEL, BN FIAR AR LoV B EME E R BEIE LB~ 0D T T X~ Vsl
Lo AR, A AR F /)53, Vol 41, No. 1. pp. 39-47 (1999)
RN IEL RSE FORE : 56 2 3 BRI ORMA LI~ EHHF L B = —. No.
54, pp. 11-23 (2010)

M

S. A. Dmitriev, F. A. Lifanov, A. Eu. Savkin, V. N. Popkov, M. A. Polkanov, V. A. Gorbunov:
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G. W. Wilds: Vaporization of semi-volatile components from Savannah River plant waste glass, U.
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HEHE MHAMMESLERENI SOV LONEEICET S TS 2 FEIHERETE
5-1 [FL®IC

B4 B TIE, MW SABERIK, FARTBIESERIR, T2 R RETEY & LI TR 2170,
WAL DTN R ORI &AL OIREGEIIC L 0, EEHREIC L 5T v LA (Cs) DO
BARENTRETH D Z & Rl — DOHELMIRINRESRME T THNIEA T 7 OHFILEREHNTE
Cs HHUENmWZ & BURME Cs IZOWTH EIRESBENFRETH D Z L FEa R LT,
ARETIE, 770 FBRICK D Cs D EREZTT o 72, 3 YHDW@MT XA F 77 bz H
WT, FEHURE Cs 2 IR0 L 7oAt 158 A A~ RBEANK . FRKIGIRBEHIK K O ZE L 6 DR
B E R L LICBBRZATV, R CTO Cs B R L ONA 7 7 BREAIK, HET 2 DMk
(BT DA EIT o T,

5-2 HEAHZE
5-2-1 BEMTRA LTSk

REBRIL3YB DR T A 77> b (ERVFNEE 1.8 m, 77 > NS 400 m*) %
WTATo 70, 77 2 MEIRO 7 v —% Fig. 5-1 |12, AR mIRREF 4% % Fig. 5-2 12”7,
FERA I IAME & N o B M A T BN E OB OMGEICERA I D, SR AKES
MRz E Rl (0.5~1rph) L. #UBH & IR 2, OB, WETIH LE L oE AW 5%
(2 X0 REHIERIF AR T 2 FRBERIC AN E T mh b e Ih, W TRAT 7 ek D,
AT ZTFHRLFANCHR T L, A7 7y MKICEFLTRERAIS L, fHEN 5, &Rt
OIMFETHEE LRI EOT AV H ) &R, BECBITREEIET AO—H L /a0 | P AR
fH~EASND,

PEH A IZER TR CER L S Ttk . T AMHEE TKEZIC LY 2000CLL FicmAi s
%D, ZOIMFET, KPS SEITEREE L L CEMARIK L 20 N7 T 4 vs (LLF, BF) 12
BT, YeHan s, ARBROPESEMSE (RUNL, 2, 3) Tik, BF IE—BEORT, %
FEIK & WetE 7 A iRty 2 —FEHIE L7223, 25 (RUN4, 5) Ti. BFZ & L. Nol
BF TIX7 /v U ANIEZE TICHBERI DR EE D L 7 I (CaCOs) DA% /b BiEdE L CIAR
IR 720F Z 4y BlEfi4E L. No.2 BF T7 V4 U O & SHEE AKX (Ca(OH),) #MEEE L TRt
HAZHRL, TRz EL7-, 2o B BF O ML, Cs 23EHE S5 No.l BF JKDJE
L& O No.2 BF JK OVEESER & L COMEERPAAZIEGET 52 L2 B E L,
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‘ Sample

Rake No.2 feed conveyor
feeder

Weighing

machine

| __— |
No.1 feed conveyor ‘

Ca(OH),

I
EE_———————|

1 e 15

=P Flow of solid
=—> Flow of gas

No.2 slag discharge Post Heat "~ BFash
conveyor chamber exchanger =ﬂ caco, Ca(OH),
Water
AN
‘ —c= M’l No.1 [Hll No2 [[F
Weighing ] BF BF o~
machine Secondary chamber Iﬁ E L4 ci?lser heater
‘ \=H'/ \=H'/ Catalyst
G ‘ ‘ Q tower
No.1 slag discharge ] No.2 BF ash Fan  Chimney
Molten slag conveyor
No.1 BF ash No.1 BF ash discharge
Melting Air=> conveyor
furnace
Fan Fired heater
Fig. 5-1 Flow of melting test plant (3 t/day)
: @ Flue gas
Burner
Sample D,
Inner PN Inner Outer
cylinder . *.'\:r% cylinder cylinder
: L
Main chamber Qg .
0 o
I’:a_i \ -
Outer N !I
cylinder T Jl
Slag port
Rotation of
outer cylinder Secondary
' chamber
Slag pit water

W

Fig. 5-2 Structure of Rotary-type Surface Melting Furnace
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5-2-2 ALIERY

BRI G, B (LUF, 18 . NA A~ RBEHIK (LR, SA APR) . FAE
PBEEK (LT, FAK) o 3 FEZ AW, BT, Sy & EAREOIRGM & Lz,
MR IE, TTIROBEW L X A b (Z7=I R TERK). 7 =7V MB) O EEL
85 : 15 IREM A Ao, FARFIZIZ, TROBAL T, BELOREAWEZ Wz, A FK
X, AEROMBIRN A A~ AR EMiE D DY SN MBNK Z Wiz, FARKIE, FiEh
PR T KIBIRBEAIR % 7> D PR S 7= B R & FH T,

Table 5-1 12, TEHEOEMSY, NA AR, FARIKOMB A RT, ST FEE, RO@Y L
L7zo K431 105°C, 2 HEfE O HERT% O BB LA D ARG VK531 815°C, 2 IEfE] o
PRBERT T DB B D ZNENEH Ui, ARNIREAE TR o ~REE (BR) & E A ET,
CA-4A)) 12XV HIE Lz, RIS OV TR, 2-3-1, 4-3-2 D)IZit#Hk L= oot 71k
LRl—& LT,

JR5y D EFRFRIZ DWW TR, B+, X A ME SiO, EROMETH > 7-DIZxf L,
A AJKIE CaO HEE A E < . F/AKIKIZ FeO, P,Os IEFEN E -T2, ClLIEEIZHOWTIE, /3o
FIRBPRORE Do 7203, L 0.1% AT &Ko7z, Cs BEIZ OV TIE, Evb K mg/kg 72
ETHEL L THoT,

Table 5-1 Composition of treatment material

Soil .

Item i S Blom:ss Sewa*ge
eco.mpose‘:d Bentonite | Sawdust Leaf soil ash ash™
granite soil

Moisture % 9.3 8.2 319 55.3 0.5 0.3

Combustible %(dry) 2.6 6.5 99.8 715 0.9 0.7

Ash %(dry) 974 93.5 0.2 28.5 99.1 99.3

Lower heating value | J/g(dry) <500 <500 19,700 13,900 <500 540

Si0, %(dry) 67.8 64.8 0.13 18.8 54.8 28.2

Al,O,4 %(dry) 11.7 11.6 0.02 3.9 12.1 14.2

Ca0 %(dry) 25 3.3 0.07 40 10.2 6.0

FeO %(dry) 3.6 3.6 0.01 1.6 46 13.9

Ash P05 | dr) 0.11 0.18 0.02 0.37 0.62 18.5
compo—

sition Na | %dry) 2.1 15 0.02 024| 068 12

K %(dry) 20 1.1 0.05 0.50 1.84 1.7

Cl %(dry) 0.03 <0.01 0.07 0.10 0.28 0.02

S %(dry) <0.01 0.05 <0.01 0.15 0.12 0.25

Cs %(dry) 0.00037 | 0.00032 | 0.00002 | 0.00011 | 0.00033 | 0.00024

*1 Biomass ash : Abbreviation of biomass incineration ash

*2 Sewage ash : Abbreviation of sewage sludge incineration ash
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5-2-3
Table 5-2 12, RERSGAMFZERT,

AERSEM

WNEEF & LTid, Cl &3 2 Cs DL ARt S5

FEBREA] (LLT, HEHD) & Cl a2 EET AT 7 O % & TS A T 2Rk T

#I (LT, @D o 2 fE 4 V-, RUNL~3 Tld, HEZ L & LR AT 7,
. HERICEAREARAY T, HEREIE LT CaCly 2H,0 (72 b T VR 7 (RK)

RUN1 T
>095%) ZFLEBEN—ADNET 10%E L < 1T 20% M L, CaCl, i
WM T 2 THRERES—2AONKET 5,
>99%) & —H20% WM L7, ZALHHEANOBIPRE T, 5 4 O HLAERR
fEEND ., A 80% L LD @& Cs #HIERNE S D |
W2 X AN ERE) |
& [Fl— D HEFNMER T EHE P

R ZFHAE L=, LR,
7 VEET(RR)

i 56 WA 7

=1 =

\ZERE

\Z X % Cs OfEFELE

A& Na,COs (22 b

L7c, 7o, BRE(L (il
SR DIFNIRER IO LA L7, RUN2 Tid, RUN1

30% DEAZIRE L HAFHD AT B OV TIHE L7z,

RUN3 Ti&, RUNL, 2 OfiRA% T T Cs FER 90% Ll La+5m L7l 21T > 72, RUN4

W, KR & IR FEEE O VB G
BAEWZHOWTEHRBR AT,

ERAY eho Y
Cs {2 E) %

Table 5-2 Test condition

[INZATAA FIK, FARIKEORZENS & 5
A L7z, $HEGH & L TlE CaCly 2H,0 (A 1)

Blend ratio of sample

Melting

RUN Exarminati (by weight) furnace =l
xamination Baese material Vegetation vP*! Flux
No. contents ratio Base Ca(OM) Oxygen— | Number
. .. || material [ CaCl, 2| enriched™ | of step
in soil Na,CO-
il Effect of 70 10 20 No
1]1- ' 0
2] GaCl, addition Soil 0% 60 20 20 No 1
1-3 60 20 20 Yes
2-1 i " 70 10 20 No
2[g-p| NMMuenceor Soil 30% 60 20 20 No 1
vegetation in soil
2-3 60 20 20 Yes
3-1| Cs volatilization . 0 50 30 20
3 - ratio = 90% Soil 30% 45 20 15 Yes 1
4-1 Soll 30% 70 30
4-2 Biomass ash - 70 30
Cs separion from Soil 70% + 0
4-3
4 various kinds of Biomass ash 30% 30% 70 20 10 Yes 2
4-4 solids Sewage ash - 70 30
Soil 70% +
4-5 9
Sewage ash 30% 30% 10 10 20
Cs volatilization Soil 85% +
5 0,
ratio =99% Sewage ash 15% 60% 10 10 20 Yes 2

*1 VP : Volatilization promotor

*2 Increase in oxygen content in combustion air
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% 10~30%. @iAlE LCix Ca(OH), (TAEAIK(ER). >95%) % 10~20%. @EEHRML 7,
RUN5 TlE, RUN1~4 OfEF %515 T Cs B 99% UL L& 51 L 7= iR A 1T - 72,

B E S FUBHIIEMGTE Cs,CO 3 (FiERB(E). =99.9%) % 0.2% N L., 15
GRS UTeo IRINREE 0.2% 22\ Tid, EEMIC Cs fHUREN RS HEGHE T &, 2
D Cs D 99.9% M HH L Th o ERATRERIRE & L TRE LT,

5-2-4 HEOARAE

% RUN ORELASRIEICHE > TREM B 2 G L KELORBEE CHARAS L CGREFEERLL
7o Cs;COsid, FAMIAKB K20 LIZ 4 kg #IafR S CRE, IREFFCAT L—EE L R
MU7z, BEBEOREHIIMOT7 L a vy ZICAN TR EE L, BBRICBWGEE, &
NI LTHEA LT,

5-2-5 HWAE

Y (A, A7 27, RUN1~3 @ BF JK, RUN4~5 ® No.1 BF JX, No.2 BF JX) DOl
i ATIE. COs. OH LIAMZ DV THIAL B G2 & [RIER D J7 1 TI1T o 72, CO3 I DWW T,
¥ % IN HCI ¥ ZiR9E L, 84 L7z CO, % GC-TCD (GL #A = %, GC323) TE&E L,
B L7=, OHIZOWTIE, EEMY 19 % 100 mL D&KL IRAHA L. INHCHAKIZ L 5
AR EEN S L,

277, No.l BF JKOEEHFERIT, 3-4-1IZ50#k L= ik L Rl—& L, BRI oW T
I3 H15 BB 5 19 Skl (LA, 19 5alBR) . AR HEBRIC OV T H3 BREE T &~ 8
46 SR (LLT., 46 5all) Ik EhEniTo7,

No.2 BF JKODifii R [FE M OV DR D -E ' HTIER. X BB o5 (R Y T2,
RINT2000) {2k WATo72, HTERMFIE. 4 Ek Cu, EREIE 40 KV, EEREN 200 mA, HIE
AL 5~90°, EEAT v 7 0.02°, EAHE 4°/min, FEH - BELA Y » h 05, ZHAY v b
03mm & L7z, FifFHNERO¥EE BSOSOV TR, XBEHFF v — MBI 25t e —
7 E AR RRBNICTEE L. SRS O B — 7 IR SIS EI S 2 E T L,

PEA AT IR D@D & Uz, HEH ABICOWTIX IS Z 8808 IZHEHL L, /KERERINIA
FERHSE 2 FWIIREFH, & MR OMER~ /) A —& AW idEEH, Ay Mo
[ X DB ERHAL ALY T M KD AKRGEHIIORE R BRI Lz, 13V CAREIZ O
TIX IS Z 8808 (ZHEHL L, “5lWL 5| CTHIfE AR L 0 ¥ A MR 21T o 2B O EEZE(L D
BHL72, Na, K, CsIREIZOWTIE, MEAMTHE LZX X MTHOWT, BEEY & Rk
DIz FAWTHOM Lz, HCIEEE, SOX JEEEIZ-SOW L JISK 0103, JIS K 0107 (22 Fh
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HEPL L 7=,

B2L7,

ZAF X8 (LLF, DXNs) O43#riE, JIS K 0311

lZ. DXNs % & Ak,
=T v T LCH A v~ 7T 7ERSHE (AAET-(KR). IMS-800D UltraFOCUS)

A, ERELE, EEWIOWTIE, DXNs Offi 21T - 721,

o~ 7T 7EER

5-3
5-3-1
Table 5-3 |Z

HBREER

RUN3-1 (Cs fHER =90%) .

R

BT 2 % H0, KR (1+499)
7 (AR A A7 A(KR).
(CHEL L, b5 7 i)

ICS-1000)
yhrat

(CHEALTER

oAt (Flk) CRE, E& L7,

BAYMDERL
IR FESME LT RUNL-2 (18 [BOREZ L)), RUN2-2 (B [BEAEH YV 1),
RUN4-2 (/A A JK). RUN4-4 (F/KJK). RUN5S (Cs R =

(ZRIN S THIER L7214

VA=l N
L7-. NOX JEE 2oL JIS K 0104
((BR) 7F7 v -« ¥F=a, ECL-88A0) =H\TE

[CHEHLL TIT o 72, HET AIZDOWNT
WAEN T MM VHEL, RN 2T o721k, 7

I V=TT LTCHRY

99%) IZBT LAY OMEZ =T, B, BEHRITESHIABEBY O ThH -7,
Table 5-3 Composition of sample in typical conditions
RUN1-2 RUN2-2 RUN3-1 RUN4-2 RUN4-4 RUNS
ftem ot [wiﬁ!ut [?v?tllm volati(lj;jation Blomess SO volati(lj;jation
vegetation] | vegetation] | ratio=90% gsu gzt ratio =99%
Moisture % 10.0 22.0 26.1 23 34 23.2
Combustible %(dry) 11.9 20.8 171 12.3 49 34.2
Ash %(dry) 88.1 79.2 82.9 87.7 95.2 65.8
Lower heating value | J/g(dry) <500 <500 <500 <500 <500 <500
Sio, %(dry) 41.7 30.8 278 34.2 242 16.0
ALO; | %dry) 9.0 7.1 58 9.3 13.1 43
Ca0 %(dry) 9.7 121 30.5 23.1 16.4 26.9
FeO %(dry) N 11.8 N
Ash [por | waw ) 196|
compo—
sition Na | a) 9.9 11.1 1.9 14 1.0 0.7
K %(dry) 1.3 1.0 0.9 23 14 0.8
Cl %(dry) 10.2 11.2 18.1 149 58 8.0
S %(dry) <0.01 0.03 0.04 0.22 0.23 0.04
Cs %(dry) 0.17 0.14 0.25 0.10 0.20 0.15

* Not analyzed
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5-3-

2 BEEIRINR

% RUN & b 8 I LA oD3difoe i MR 24T o 7o, IR OREIEN (REE=) HE, &

A&, A7 7HHEITIW IR L
iz

£
B 5 E FEER P OATRIRE L

TREIHER L Tz,

Table 5-4 12, REFEFMITRIT HIEANEE R OEEYEOINK 2 /RrT, AT 7{LRIZONT
X, % RUN &% 90%fmi# Tri< . AN CAB I RECE FICIRELEE S T D 2 & 3l
RENTz, WRAREIRALFIZOWTIEL, —EB BF §:4 D RUN1~3 Tl 24~28% & @ h - 7203,
B BF £ RUN4~5 TiE 5~9% & #22 1/3~1/4 ([ZfK#B L, B BF O fHic L5 Cs i
T OWEAL PR SN, —B¢ BF & Tk, —>® BF IZBW T, Eq. (5-la)D UG & D
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Fig. 5-3 Gas temperature trend at various points during steady operation period in typical conditions

Table 5-4 Melting temperature and solid amount balance in typical conditions

12:00

RUN1-2 RUN2-2 RUN3-1 RUN4-2 RUN4-4 RUNS
Soil | Soil lcf.l._ ICf.l._

Item unit [ [without| [with | Y°'2" |Biomass Sewage volati

zation zation

VeseT | VEEET | tio> get get ratio =

tation] | tation] 90% 99%
Melting Temperature inside furnace ‘c 1,250 1,280 1,350 1,400 1,400 1,400
temperature Inflow oxygen amount m®/h 0 0 12 80 120 50
Wet | kg/h 125 198 275 159 128 218
IN Sample feed Dry | ke/h 111 154 | 203 152 119 167

amount
Ash | ke/h 97 124 168 133 113 110
Slag discharge Wet | kg/h 99 108 168 120 108 110
amount Dry | ke/h 96 103 160 113 104 107
CaCO, feed amount kg/h - 1.8 28 4.7
ouT No.1BF ash amount kg/h [Because of 1-step BF] 10.2 6.3 9.9
Ca(OH), feed amount kg/h 9.9 76 22.3 62.6 58.5 39.3
[RUNT, 2, 3] BF ash amount

[RUN4. 5] No.2 BF ash amount kg/h 26.5 29.7 473 83.9 75.7 50.2
OUT/IN Sample to molten slag ratio™ % 98.8 834 95.1 848 91.9 97.2
ratio Sample to molten fly ash ratio™ | % 273 240 281 1.7 55 9.0

*1 Slag amount (dry) / Sample feeding amount (ash) X 100
*2 RUNT, 2, 3 : BF ash amount / Sample feeding amount (ash) X 100
RUN4, 5 : No.1 BF ash amount / Sample feeding amount (ash) X 100

-130 -



AU DWRIAIK & Eq. (5-1b), (5-1¢)DLNT L 0 A U A ERME AT A Ry O i 17 Z ffite 5 5 7=
D, BF KO EIXZ o728, B BF &M Tid. —E:H ?® No.1 BF TiZ Eq. (5-1a)lZ L 2 Al
KD Z AL L, Bt AX 2 O F FXRMRR TEm S 5720, Cs iR TdH 25 No.l BF
IR L, ERARPKAEENMRR L2 LB 2 b b,

S

MCIyx(g) — MCI(s) (5-1a)
M : CsEDTNVH Y &R, B8R

2 HCl(g) + Ca(OH),(s) — CaCly(s) + 2 H,0(g) (5-1b)

SO,(g) + Ca(OH),(s) — CaSOs(s) + H.0(g) (5-1c)

5-3-3 ARLIFTO Cs {EFRES
RFEMIZHB T D AT 7 O E Table 5-5 (2, IARUF TO LR OFHBER % Fig. 5-4 |TR
I, KL EDOHBRIZEq G-I X v EH Lz, S OEEERIZOWTIX, RUN2-2 ST A
JHBRENER FRERBE CH 7272, HHTE o7z,

AT T X AT THOKTLRIEE

KILRDOFEE%) = (1 — ) X 100  (5-2)
WANE X BAYFOEITTRIRE

FL T3 Si0,, AlL,Os, Ca0 [T DWW TIX, AT ZHDRENRAY L1EIXF U TR ToHE
HIXIFEAER BN T=Dlzkt L, T/ Y 4&JE Na, K, Cs LONClLIZoW Tk, A7
THORENBEAY L IR, EElE CORfEEE R o,

Table 5-5 Composition of slag in typical conditions

RUN1-2 RUN2-2 RUN3-1 RUN4-2 RUN4-4 RUNS
ftem ot [wistﬁltl)ut [?v?tl:w volatﬁjation Biomass Sewage volatﬁjation
vegetation] | vegetation] | ratio=90% E=l 2l ratio=99%

Si0, | %(dry) 56.5 52.2 415 43.6 25.2 32.7
Al,O5 | %(dry) 13.3 13.0 10.1 129 13.0 8.3
CaO | %(dry) 13.7 19.4 375 304 255 446
FeO | %dn) . 97 .
P,0s | dry) - 18.7 -

Na %(dry) 8.26 8.28 0.63 0.50 0.72 0.11

K %(dry) 1.02 0.74 0.20 0.32 0.41 0.14

Cl %(dry) 1.0 0.8 3.2 21 0.7 25

S %(dry) <0.01 0.01 <0.01 <0.01 <0.01 <0.01

Cs %(dry) 0.024 0.011 0.0034 0.0039 0.0078 0.00027

* Not analyzed
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Fig. 5-4 Volatilization ratio of each element in the melting furnace in typical conditions
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Table 5-6 |24 RUN IZ8 ) DIARMA T Cs DR 2 T NEhrd, B, A AR, F
IKIKNF IO ISR G DN T S Cs DREDFRL . BEMFIZE VT 85%LL Lo
Cs BN G b7, Fig. 5-512, CIIRME (EAWHFIK S EIZHT 5 ClLIRINE) & Csf#
R L OBRZRT, Cl WIMEREOWSRIFIFEE Cs EEREWVER L R-TRY, 77
FRBRIZEWT S, CaCl, DIRINC &V Cs DHALIERIMEES LD Z L AVRENTZ,

E DB GZHONT H, [Bl—D CLIIERSEA T Tk, v Ch 2 BB Z E T4kt
DIFH Cs FECRITF N o T, 4 BOREMERBTH . "B L L TUEMER % CaCl, L IREIR
I3 2% Z & T Cs fEBRNEMT DHERNHF LN TR Y | AR RITEMERBRE R EFET DD
DThoTz, BAEH (YY) NREET S Z 212k v Cs TRIHBEOBRENENE T L, Cs
DYHFILHED Cs,0 75 CsCl ~B#E) L7=7-0, M bR MEESh- L &2 b5,

Table 5-6 Cs volatilization ratio in the melting furnace in all conditions

RUN Examination C.s content CS. content voIatﬁ?:ation

No. contents in sample in slag ratio
%(dry) %(dry) %

1-1 Soil CaCl, 10% 0.15 0.021 875

1] 1-2 [without CaCl, 20% 0.17 0.024 91.2

1-3| vesetation] Oxygen excess 0.15 0.013 925

2-1 Soil CaCl, 10% 0.13 0.015 923

2| 2-2 [with CaCl, 20% 0.14 0.011 95.3

2-3| Vegetation] Oxygen excess 0.14 0.0080 96.2

3 = Cs volatilization ratio =90% 025 00034 990

3-2 0.27 0.0025 99.4

4-1 Soil 0.14 0.0077 96.7

4-2 Biomass ash 0.10 0.0039 97.1

4|4-3 Soil + Biomass ash 0.14 0.0033 984

4-4 Sewage ash 0.20 0.0078 96.5

4-5 Soil + Sewage ash 0.17 0.0055 97.6

5 Cs volatilization ratio=99% 0.15 0.00027 99.9
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Fig. 5-5 Relation between Cl addition ratio and Cs volatilization ratio

B DA B OFER A LT 5 & [[—0 Cl ImINEEMETTH, Cs fERITE 2 -
2o ZOEWE CIPINEUAN DR T OFBIZ LD LB Z B, ClTINEUN OB 1 &
LT, BAE (RY) of, 27 7 OREE, WRiREN¥ T oh5, 2T, &K T
DYBEASWEHET D720, Cs R HWK & L, O ClINE, Qs (B
ARy BT 2R E) . @A T 7 ONFEHHEILE, OFFIRE, © 4 >%F K1
& LT ERYRSHTEAT o 72, Bix et BR 1 OMEE TOHT 21T\, i bIRERED MO
AEERE L,

[F1F o #f R & Table 5-7 (2”7, AR 7O, @, @D 3 [KF % E 8 L7 Cased (ZH1T %
REFRELAD 0.848 THRA L 72D | Cs FHBCR L HBEMEN R bRWER & Rolc, PO t X
ZNZNORBAR B EHNKEFICEZDHBEORE S 2ER L, HHENKE VI E BB
<o EIICHERHEDY 2 K0 /& ERREHOICZ OB 13 B AR TS R L A &R
SN D, PEIZZENE O BARF DR OAH B E2 £ L, —RENTH EMFEN 0.05 (5%)
Z FlElo>TW5 &2 OB FIX AR 1okt L CBERER S 5 L fllrs s, Cased TO t
EIZSRFE S 2L EEE<, PAEIZ0.05 AT &R o722 &, [EUR MRS R
WMThd LMW I, HHRTO (AT 7 ONRFNERE) ORERRINSNHB L L
T, AR ELM L LRAITNFELEO - mEEERESRETH Y . T ORI T Cs
RO ILE OFENPEIZBN R o2 B BID,
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Table 5-7 Result of multiple regression analysis on the contributing factor to Cs volatilization

Case No. Casel Case2 | Case3 | Case4 | Cased
[1] ClI addition ratio @) @) @) @) @)
Explanatory | [2] Combustible ratio (@) @) @) @)
variable [3] Optical basicity of slag O @)
[4] Melting temperature (@) O
Coefficient 91.6 90.5 81.6 424 30.8
Intercept Standard variation 1.9 1.6 26.1 9.3 17.1
t-value 48.3 55.4 3.1 45 1.8
P-value 0.00 0.00 0.01 0.00 0.11
Coefficient 171 14.3 12.7 11.6 9.7
X1: Standard variation 7.1 6.0 7.7 3.3 4.2
Cl addition ratio t-value 24 24 1.6 3.5 2.3
P-value 0.03 0.04 0.13 0.01 0.05
Coefficient 6.6 5.6 34 2.1
X2: Standard variation _ 2.6 4.1 1.6 2.3
Combustible ratio t-value 2.5 1.4 2.2 0.9
P-value 0.03 0.20 0.05 0.37
Coefficient 15.5 19.8
X3: Standard variation _ _ 45.5 _ 243
Optical basicity of slag t-value 0.34 0.82
P-value 0.74 0.43
Coefficient 0.037 0.037
X4: Standard variation _ _ B 0.007 | 0.007
Melting temperature t-value 5.2 5.1
P-value 0.0004 | 0.0006
Multiple coefficient of determination R2 0.269 | 0.492 | 0.448 | 0.848 | 0.843

PLEINS | AGRER O RFHPHIC I T, Cs BeRIE Eq. (B-3)1Td EHIRIC L v HEE
TE L L ST,

Cs fiH 3 (%) =42.4+11.6X +3.45Y +0.037Z (5-3)
X CHRIE (kg-Clkg-F AMIKSY)
Y AR (kg- AT kg4 AR )
Z: WwERE (C)

ZOEREYFE AW T, F 4 FOIEBRBRTO Cs R AHE L, FHIE & OtiaiT-
7oo THIRIZ CaClyik3E, TEMEIREIEZ 5~20% N L= G:tF o7 — 2 % iz, FER% Fig.
5-6 (2, EHMEL, HEEME & MRFRE Clxdb - 7228, HEME LY 2RI 3~5%F
EmWiiRErotc, 770 MR THWEABMITEE L L BRL T OREM TH 0 A
W) D8 E IR R IE 46.3% L AR o 723, FEMERRER CH W2 AT I TTE M IRGRIE TH D |
AR OB TE R FBIREEIL T4.7% & @ oT-Z LoD, FEEERER O 5 S AR D38 5T 117358
<. CsEfFDBMFESRIEN L VKRN -T-72D, @V CsHHENMGONT B 6N,
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Fig. 5-6 Comparison between the estimated value of Cs volatilization based on Eq. (5-3)

and the actual value measured in laboratory melting test in chapter 4

Fig. 5-7 |2, Cs#HAUR L NafifeE, KEBE L OREZ RT, MEORICIZIEDOFHBENT
HHHL, CsidNa, K &RIBEOFHETHE L TWA Z EAURB S, NaffifiR X v K il
ROITHS Cs R & OMBENER S o To, HHERDOFHNIL [ Cs > K > Na ] Lol
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Fig. 5-7 Relation between Cs volatilization ratio and Na, K volatilization ratio
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Cs R 90% LA _E&$51M) L72 RUN3, 99%LL EZF51M L 72 RUNS T, BR¥E & Ui
DEZFHETHZ L1210, RUN3 T99.4%. RUN5 T 99.9% & HAEELL Ed &\ Cs fHE R
HEIETHIENTE T,

5-3-4 BF R TOEMH A DEH
Table 5-8 (2, fRFESAMICHIT D BF ALPEH A (RUN1~3 Tik—B BF ® A1, RUN4~5
TIE No.1 BF A1) OFEARVER K Ot 17 A YR 2 773, HCL I3, #H0E & L C#Rin L 7= CaCl,
DOFRISIZ LV IA Liz7=8, CaCl, DML U T 1,900~11,000 ppm (O, 12%#5)
LT, SOX TSR TRA LTZ72D ., S GHEEN 0.25% & &\ FKJK %2 QLF
L 72 RUN4-4 TiZ 43 ppm (O, 12%#5) & i@ - 7228, o 548 ClddEda 10 ppm i
% KD o 72, NOX 1F, BABHREERFIZRAET 20—~ /L NOX BN EKRTH 72720, BEEFL
(2 X D IFNIRE & = ® 72 RUN3-1 T 71 ppm (0 12% %) L@V ME s a7,
Table 5-9 |2, RFESMEICH T 5 BF AT X (RUN1~3 TlL—E: BF O, RUN4~5

Table 5-8 Basic characteristics and acid gas concentration of BF inlet flue gas in typical conditions

RUN1-2 RUN2-2 RUN3-1 RUN4-2 RUN4-4 RUNS
Item Unit .SOI' Sc.)ll .C.S . Biomass Sewage .C?S .
[without [with volatilization ash ash volatilization
vegetation] | vegetation] | ratio=90% ratio =99%
Wet | Nm*/h 2,200 2,300 2,300 1,600 2,300 2,750
Gas volume
Dry | Nm%/h 1,700 1,500 1,400 1,100 1,600 1,960
Gas temperature ‘c 195 179 176 180 177 194
Moisture % 238 36.3 35.8 30.2 314 289
HCI (0, 12% converted) ppm 2,300 1,900 5,600 11,000 9,500 4,000
SOX (0, 12% converted) ppm 2 <1 17 11 43 7
NOx (03 12% converted) ppm 18 29 71 _*

* Not analyzed

Table 5-9 Basic characteristics and acid gas concentration of BF outlet flue gas in typical conditions

RUN1-2 RUN2-2 RUN3-1 RUN4-2 RUN4-4 RUNS
. Soil Soil Cs Cs
It U i
em nt [without [with volatilization Blom}?ss Sewige volatilization
vegetation] | vegetation] | ratio=90% as as ratio = 99%
Wet | Nm®/h 3,100 2,400 3,100 2,100 3,000 3,000
Gas volume

Dry | Nm/h 2,500 1,900 2,800 1,600 2,200 2,200
Gas temperature ‘c 170 172 168 146 151 150
Moisture % 19.9 19.0 11.0 243 249 27.2
HCI (03 12% converted) ppm 4 8 22 16 38 6
SOx (0, 12% converted) ppm <1 <1 1 <2 <2 <2

NOx (0, 12% converted) ppm 18 29 71 —*

* Not analyzed
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TIE No.2 BF HiH) DREARMAR K OBV AIREEZ R T i RSP A K 2 WGA A CRETE TS
ZDT TV HFRRERIT o727, BEPET 2 OEE I T L, HCI 2% 4~38 ppm (0, 12%
Ha5) . SOX RN 2 ppm Adiii (0, 12%Hi5) & 727z,

RUN4~5 Tl&, No.2 BF [Tk~ 72\ TSI AR 2 WA, &bt & HCI frER
& DORIREFA LTz, Fig. 5-8 12, WWAIKODY &I & HCIBRER L OBRZ R, YEIEAE
WEE HCLBREFR TR <. HCIBREFE 0% L L& 55723l & 2 LB, 99%LL E
G T DI Y & 2.5 UL B CERSMEEAIK ZVGAT BN H D Z E BRI LT,

99.9 99.8
100 : ~O =0
96.7
/ 99.8
o / 996

95
S 89.1
2 %0 O
L
[\
S 85
>
o
£ 80.4 /
< o)
S 80 /
I

75

70

0 1 2 3 4 5

Equivalent ratio of Ca(OH), (-)

Fig. 5-8 Relation between the equivalent ratio of Ca(OH), and HCI removal ratio in No.2 BF

5-3-5 BF BIATO7I N EEDNEE

Table 5-10, Table 5-11 1Z, fRFEELMHICEIT S BF AOHEH A, BF HHOHET ADIZW U AR
EROT VA Y ERBEEZETNZIRT, 130 CABREIZOWTIE, BF AL TIE 3.7~12
gINm® (0, 12%#5) ToH-o7=dixk L, BF 10 TiE 0.003 g/Nm® (0, 12%4#a%) LLTF &7
D, BF TORRERIL 9.9%LL EL72oT-, TANVEREEIZONTS, BF AL TIEEt
~%E mg/INm® (0, 12%#5H) Toh - 7=DIzkf L, BF 11 TiE% < 28 0,001 mg/Nm® (0, 12%
B R T LTH Y, BF TOBRERIT 99.99%LL & E-o7,
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Table 5-10 Dust and alkali metal concentration of BF inlet flue gas in typical conditions

RUN1-2 RUN2-2 RUN3-1 RUN4-2 RUN4-4 RUNS
Soil Soil vol(;fili— vol(;fili—
Item Unit [l [without| [with ) Biomass | Sewage )
o= e zation ash ash zation
o= o=
tation] | tation] ratloo_ ratloo_
90% 99%
Dust &/Nm® 8.3 11 12 6.3 40 3.7
(0, 12% converted)
Na mg/Nm® 550 | 500| 560
(0, 12% converted)
K mg/Nm® -+ 830| 600| 520
(0, 12% converted)
Cs 3
mg/Nm 67 110 140
(0, 12% converted)

* Not analyzed

Table 5-11 Dust and alkali metal concentration of BF outlet flue gas in typical conditions

RUN1-2 | RUN2-2 [ RUN3-1 | RUN4-2 | RUN4-4 RUNS

Soil | Soil Cs Cs
Item Unit [l [without| [with VOIa.tlh_ Biomass | Sewage VOIa.tlh_
vege— | vege- za'tlon ash ash za'tlon

cetitore] || i ratio = ratio =

90% 99%

Dust ¢/Nm® | 0001 | 0003| 0003| 0001| 0002| <0002
(0, 12% converted)
Na 3
0, 12% oomerted) | ME/NT 0.016 | <0.001| <0.001
K 3 *
0, 125 comerted) | ME/NT - 0.005 | <0.001| <0.001
Cs me/Nm® <0.001| <0.001| <0.001

(0, 12% converted)
* Not analyzed

5-3-6 AA A XL UEDOEH

AR AT L TIE, #HEH e UTREIEMZRINT 2729, DXNs OAERPEEIh, £ 2
T, FAKIKZF S & L7- RUN4A-4 I28\\ T, Fig. 5-9 (TR 4 HUSOPES A KO 3 Flk
DEFEEIZ ST DXNs 5T &247 -5 77,

Table 5-12. Fig. 5-10 {284 A D DXNs &, PCDDs/DFs [RIEIA i & 774, Hifb#3HE] %
WMLT=Z LI2 X% DXNs OFEEZRARNITR 59, No.l BF AR T DXNs AL 1.9
ng-TEQ/Nm® & i Z A BEHIFE S 2 Wl L7235 A & [AIFREE OE Cdb o 7o, MRS C O by iR
(12 W DXNs BB I RIE IR T L, s 0 <o DXNs # 5 1% 0.028 ng-TEQ/Nm® & i T
o7, RIS HIZOWTIE, No.l BF AN CIXEERIMIE LStk s Ly, %k
fFE AR R OFIE 23 2 fRBEES H 1 Cld HBCDDs, TACDFs 23 & 2\ VoA & 7 o 72,
Table 5-13., Fig. 5-11 |Z[&E24#) D DXNs . PCDDs/DFs [REA i & Z i EhoRd, IRREAL
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)

Catalyst
tower

Fig. 5-9 Measured point of DXNs [RUN4-4]

Table 5-12 Concentration of DXNs in each flue gas

35

30 1

25

20

15

10

Concentration of each congener (ng/Nm3)

7
a
o
Q
<
-

P5CDDs
H6CDDs
H7CDDs

ocDbD

T4CDFs
P5CDFs

(A) No.1 BF inlet

H6CDFs
H7CDFs
OCDF

- 140 -

7
a
o
)
<
-

Item Unit No.1 BF No.1 BF No.2 BF Catalyst tower
inlet outlet outlet outlet
teﬂ‘;:rjfjre RS 194 158 149 166
Actual concentration ng/Nm® 92 190 31 13
Actual concentration 3
(0, 12% converted) ng/Nm 150 310 50 2.1
Toxic equivalent ng-TEQ
concentration /Nm® 1.9 6.1 1.2 0.028
35
E
%o 30 H
26 c
5 a5 u B
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Fig. 5-11 Congener distribution of PCDDs/DFs in each solid sample

Fig. 5-12 |2, 4 A ALELIEFRIZ 35 1T 5 DXNs FEHIEOHER & 7~ 7, FHIMN O #fEi%. No.1 BF
ANAHAD DXNs % 1 & L7I-REDAEH DXNs O &bz /R LT\ 5,

No.1 BF TiZ, DXNs 7% 147 ug/h 75 340 pg/h (ZHIN L, 1KLL Tl d % 75 DXNs D
AR HERR S 7=, Fig. 5-13 12, No.1 BF Rij# T PCDDs/DFs £ O [FEAR BN 3 % 7797, INPUT

(No.1 BF ARHEA A) & OUTPUT (No.1 BF Hi AT A & No.1 BF JKODOGEF) i3 % & |
FRES DO/ — N REREWVITRONT, EORBEERICOWTHINA R bNT, £
7=, No.1BF I COSAH (BEHA) —[EHH (No.l BF JK) Fyfid b i34 L o F R E
T, K 80% NEIHHFINAFAE LTz,

HT = AR BERE R O PE S AMLEERIZ I 1T D DXNs OFARRIZ OV T, 1980 400 S HF
ZEPMTOIN TN D e INZHET A & BEHIFRIK O KB SO ZE B L7z 447 > 72 D% Eiceman
5UTHY., D%, Stieglitz B PHBERITRIK 2 22Kl T T 120~600°CIZ M L, 300C T
DXNs JEE 75K 10 {545 & 36 L= 232, Stieglitz. Dickson, Karasek, Olie,
NMABIZ L > TEL OBFFEN R STz 970, EEAR AR L L i, BERFE () 28,
150~400°C DR EHIPH T, BERFRIK P D@7y (CuCly, FeCly %) Zfilifit & U CHR{b /iR
THBICRIRINCAERT 2 B2 LNTRY., [T 7RG LFEEN TS P, No.lBFIZ
BOWTH, 207 REKEHLOBIET DXNs N4 LIZ & B2 DD, ImRFITEER
LD AR ENE T AT EALEERFZEE LN L6, DXNs Dk
Iy FED BN/ NS WRILKFEE Th -7 BE2 6N, HAL L, EERELEL
BEAIEIK . BEEIRE % B F R WIEBTRIKIZ OWTENE LG ESEM:. PV Aft@sH ¢
DIEGAER 21TV, 225K SRIE T H BRI D DXNs AR L2 Z LD, ERAIK )
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5D DXNs AR ITE AR IZ & ENDIRIEAKFERHICER L2 DO ThDH EBLELTW5D,

No.1BF No.1BF No.2 BF Catalyst tower
inletgas outletgas outletgas outletgas
No.1 No.2 Catalyst
) | | ) | O | ) (0| —
147 pg/h 285 pg/h 69 ug/h 2.6 pg/h
(1.00) @ (1.94) @ (0.47) (0.018)
No.1BFash No.2BFash
55 ug/h 310 ue/h
(0.37) (2.11)

Amount of each congener (ug/h)

Fig. 5-12 Changes in the amount of DXNs in flue-gas treatment process
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(C) Gas-Solid distribution at No.1 BF outlet

Fig. 5-13 Amount balance of PCDDs/DFs congener between before and after No.1 BF
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MR AEFREDOMEM Z R LTz, L7235 T, No.2 BF IZE8U T, DXNs 23l 52O ¥E |z
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(C) Gas-Solid distribution at No.2 BF outlet
Fig. 5-14 Amount balance of PCDDs/DFs congener between before and after No.2 BF
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& LTH Nol BF TERESND 2D, RIRKFRLTEMEIRIC L DWAERETITRWEZ B
Do BD MY EEEEN AW T A KME R O B CIEEIRIE TR & 1T 72 1T AuiE, DXNs
I FERRETE T, BFAIZ CTDXNS IBREIIZDL RN EAMELTWDH, L7ehR-T, £
ALAMZRBEFENGFIE LT LB 2 b, KRB THWEAIK D, @ OEAIK Ttz <,
ZHE CEEREEOESICEEAIK ThH -T2 &b, EOEBICMETEAIK DY DXNs W&
(2 L7offLZ A LT, DXNs 2 ERRE L7z Tl L LT 5,

5-3-7 BF Rk

Table 5-14 |2, BF JK (RUN1~3 Tix—Ef BF ® BF JK, RUN4~5 Tix B BF ® No.1 BF
JK. No.2 BF JK) OfflplA "7, ¥Rl T L7z Csid, —B BF &£ RUN1~3 T/d BF
JRIZ, Bk BF §:£0 RUN4~5 TiE No.1 BF JKIZZ I AL Sz, —EB: BF &/ Tl BF
JKO Cs JREED 0.66%~0.90% THRAMINIKIT 5 Cs JRELIX 3.6~4.9 Tho7ohy, B BF 5
£ C1% No.1 BF JKO Cs J2ENS 1.24~1.72% C Cs JEFEH1% 8.8~12.4 L& <. Bk BF O A
IZ & % Cs ik b OEIM DS HEZR S LT,

Table 5-14 Composition of BF ash in typical conditions

1-step BF 2—-step BF
RUN1-2 RUN2-2 RUN3-1 RUN4-2 RUN4-4 RUNS

Item Unit | Soil Soil Cs . Cs
[without [with volatilization Biomass ash | Sewage ash volaltllzatlczn
vegetation] | vegetation] | ratio=90% et
No.1 [ No.2 | No.1 | No.2 | No.1 | No.2
SiO, %(dry) 0.24 0.15 <0.01f 0.11] 0.13 | 0.12 ] 0.26 | 0.47 | 0.49
Al,O4 %(dry) 0.02 <0.01 <0.01( 0.04 | 0.06 [ 0.06 | 0.04 | 0.19 | 0.05
Ca %(dry) 21.6 18.6 26.1 81| 447 ) 145 420 | 204 | 38.7

Fe (dry) . 103 | 0.04 .
P (dry) j 05| 002 ]
Na %(dry) 17.2 18.7 10.4 89| 0.01 6.6 | 0.01 55| 0.01
K %(dry) 2.9 3.1 28| 17.2] 0.01 84| 0.01 6.6 | 0.01
Cl %(dry) 320 349 343 | 306 | 168 23.0| 175 225 19.0
SO, %(dry) 0.08 0.11 0.16 48 0.2 1.6 0.2 1.7 0.1
CO,4 %(dry) N 7.2 991 113 6.1 28.0 8.0
OH (cry) j = | 266 —* [ 201] -* | 186
Cs %(dry) 0.84 0.66 090 | 1.24 |<0.01| 1.72 |<0.01| 1.43 |<0.01
Cs content
® e - 49 47 36| 124 8.8 95
Sample]

* Not analyzed
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B BF 54T No.1 BF JK & No.2 BF JK DAk A i 9% & No.1 BF JKI, ¥Rl TRt
L& S BN EEREE L L7222 R Th D72, HEWTHETH 5 Si0 < AlLOs 137 < |
HIBES & L CTWRGAA TS CaCOs LIAME, 7 /v U &R CTdh 5 Na, K, Cs X ERDMK Th - 7,
TARIK A LB x5 & L2 RUN4-4 DFr, Fe iREE b @ o7z, {bEMEiEL LTI, CLREN
F < KENEAmTH D EEZ bz, Thuixh LT No.2 BF JKiZ, FIZHi(l/kFE HCI
ZIHAIK Ca(OH), THFIL7=X A hThH7-H, Ca, Cl, OH BEERDOMEL TH - 72,

ZBBF VAT ATHRET 2 E MW O A Fig. 5-15 IZRT,

No.1 BF JRIZ DWW TIE, ZRAVICIRALER (KSR — BB —Cs W) A i, Cs DA
W AERNCAE SHTNa, K EBEL, CsEE =y MR IEIC TRET HHEE L
TW5b, TOEHIZIE, No.1BF KNG KEMETH D Z ENEE L5, £ 2T, No.lBFJX
DKM ZRAET D720, WHRBR A Lo, 8, SA AR, FTRKREZLENRD & L
724 (RUN4-1, 4-2, 4-4) T® No.1BF JRIZOWT, BEHRERD 19 3B, KRR
D 46 SRR AT o 72,

Volatilization Flux
promotor eeeeeeeennnnennn . Parting agent Neutralizing agent

Utilization as Secondary
civil engineering i Water —1—>| Dissolution wet treatment
material o . e

Re-melting Solid-Liquid

separation

Dehydrated cake (CaCO,) O Eelseiatins

Cs

adsorption Treated water (Na, K)

Fig. 5-15 Flow of each solid discharged in 2-step BF system
19 SallR, 46 SRlBRICEIT D45 LR OWEHIHZ Fig. 5-16 (-7, MW TETH S Silc>

W RRER I SR R AME D o 72, Call DWW TITFIBEA & L THI L 7= CaCO3 2 KER45y T
Hol=T2 ., BRIEHRERD 19 53R COWHRNEN-T-, T/ h U &ED Na, K, Cs 2
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DUNTILRRER AL (T H 2% 80% AT T < FFIZ Cs DU IR I 90% UL & Einro Tz,
HEAVFER I L 0 bR TR, BEEEE L7 b OB KRB ThoTelcd B2 b b,
AFEFIZE Y | No.l BFJKFD Csid pH IZ L HF/KEMEN B <. R 7Zin etz X 5 R
i, BRENFRETH D Z LR EnT,

’ BSi OcCa
ILT-19 ILT-46
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£ 20 1 J'_ J
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o . I . . :
Soil Biomass  Sewage Soil Biomass  Sewage
(RUN4-1) ash ash (RUN4-1) ash ash
(RUN4-2) (RUN4-4) (RUN4-2) (RUN4-4)
(A) Si, Ca
| ENa 0OK 0OCs |
ILT-19 ILT-46
100 - — —
g - . : ] 5 3
£ 80 g2 . . g - =
o . . . . . .
£
K . . . . .
(] . . : N - -
< 60 A . . 1 N - -
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— .
o . . :
2 40 A 5 g H
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o
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S 20 1 g - H g - o
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0 - r
Soil Biomass  Sewage Soil Biomass  Sewage
(RUN4-1) ash ash (RUN4-1) ash ash
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(B) Alkali metals
Fig. 5-16 Leaching ratio of each element in acid-leaching test (JLT-19) and
water-leaching test (JLT-46) of No.1 BF ash [RUN4-1, 4-2, 4-4]
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No.2 BF JKIZ D\ TClX, $EHFHI CaCl,.,

WC, X a5y
Table 5-15 (ZAE R Z T, fE

HEE STz, I,
Bl UCHEBRMA 2N I HE

N
ZRe

kA & PO E D)
ThHhDHZEMWRSNI,

A Ca(OH), DR & L CIRERIEAIFIA 5 2 & %
HELTND, TDODICIE, No2BF JRICEEND Ca DILAMIBIENEE L /05, £ 2T,

T, SAFIR, FAKRIKRZ LG & U5 (RUN4-1, 4-2, 4-4) T? No.2 BF JKIZD
Z XV FEEFRDRIE & O DNFROETE
B|OMTIZE D . B 70~80% S EA K O FIARY) T 25
CaCIOH, CaCl,*4H,0, CaCO; TH Y, 7V D 20~30% BRSO LK Ca(OH), TH 5 &
Tdh-7-Z £ 2v5, No.2 BF JR

BN EIT o7,

Table 5-15 Result of XRD analysis of No.2 BF ash [RUN4-1, 4-2, 4-4]

Semiquantitative content
ldentificated crystal phase Soll Biomass ash Sewage ash
(RUN4-1) (RUN4-2) (RUN4-4)
CaCIOH
[Calcium Chlolide Hydroxide] 63 65 63
CaCl,- 4H,0 9 0 o
[Calcium Chlolide Hydrate]
CaCO; 0 6 o
[Calcite]
Ca(OH), 18 29 29
[Portlandite, syn]
5-3-8 BIXLHFDINX
Fig. 5-17 12, Ry AT HZBIT DK ILHE DI & 7~F, INPUT
£, No.1 BF @l CaCOs, BF HFn#l Ca(OH), &7t % 100% & LT, OUTPUT O 45-HEH
MNZEENDILHTNVEOLEREL RO, FERE LT, i Si. ALIT OV T,

BASNIREEFREOENAT 7 L LTS TER Y, OUTPUT
LT 90~110% & 720 . BAFRINEZ 6T, Call 2T
IFAT 7L LT, BFEAIE LTRASNIZBOIXBF K E LT &, B AR 203 A
Bohic, 7V &g Na, K, Cs iz oW Tk,
OUTPUT

L. BFIKE L THEH S 722,

ERHE 80%HI£ & INPUT &

RN b N2 oz, RERPHA LEMMTH 72720, &

BRI RIRPEER . 22T B,

(Z XY OUTPUT

AR ENE TY
EEMETLIZEEZ BN D,
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Fig. 5-17 Amount balance of each element in the melting system in typical conditions
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5-3-9 XTIV DREREM

AZZTIWIZONWTER, EAREME LTHIFMAT 2 ZL2BEL TS, BEND Cs
DR MENERE L 705, & 2 C, 18 NA AR, FAKIKZ LBk S & U 7= 544 (RUN4-1,
4-2. 4-4) TORT TIZHONWT, BIEHRRO 19 5k, KEHRERDO 46 5B 217 - 72,

Fig. 5-18 |2, MisBRICIH T D& LR DIEHHEZ R,

FRtR AR D 19 SR TlX, NA AR, FAKRIKIZOWTIIIEcFE (Siy Ca) &7 AB Y
48 (Na, K, Cs) OEHRIIWMNRF L~ ThY, AT 7 DN T AREGRRNE —ICH
LTWD Z EDIRENT, THEIZOWTIE, —H O AAIMFE RN A 7 7 HICERF Lic iz,
T DB THEW IR ET VA BBITHE DI LUV g 572, Cs i =R 6.9~43.6% T
boto, Jtx, 19 BRBITER HEOEEROERY 227 ZiHiT 572000 THY | &
HEEMETI100mg/HOHEZEBRT L2 EE2HELTEDLNTWD, 22T, KIZ, Hidt
AEVEIE 1,000 Ba/kg D AZ 7 % 100 mg/ HER L 7= HE0ORBEEZHHET 5 L. 43.6%03MKN
TR L7 & LTH 0.0436 Bg/H & B H S 4L, FOBFKIEEHE 10 Bg/L DK% 2 LIHEBR L7256
D#EFEE 20 Bg/H & g U CIHEFITRN L~ L o7z, MBERRY) ORI L DI H L
JVDEVME, 3 E TR L2l Y | AT 7 OEILECRIRDOEWZER L7 B2 b b,
AT T O IEE N EIE ELREREE OFIG 0D 7e | BRFE L ORES IRV T ORI E
<L RIBAVNSWVFE EEREFED KR E WD HRITEWEEZ DD,

KBGO 46 BFRBRCIX, i e E TN ) &R tHE & TIRIHENRRLRD . AT 71
EHOT D) EJEITCEDIBRIRINIZIEH L TWD Z ERRENT, 7272 L, CsEH=1% 0.02
~11%THY ., HADL PORE L FRREIKVETH 7o, 46 5iBRIZTE Yt T KO/ Y
AU ZFHET 272D D b D Th D, BWHIREZEKA T 2 TR OIGREREICHY T 5
EORSTRICARE LT H, HATRER L 1,000 Balkg DA T 70D L1% D35 L7256 O HIRE
£ 1.1 Bg/L TH Y, FCBIKIEAE 10 Bo/lL & HlgT 5 LR L~ b D, T T A Dffit kg
ICOWTIEEAHN T ATHA 2O NS0 | HT 2 & KPIZRIET S & ARRGIC X
DT T ) RS, MR TR DRI L CR B SIOH BB SN D T2, ik
~557 V71 U PED pH fEIR Tl SR LR ITFEXI NI DR N2 &R0 TV D,
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Fig. 5-18 Leaching ratio of each element in acid-leaching test (JLT-19) and

water-leaching test (JLT-46) of slag [RUN4-1, 4-2, 4-4]
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@ B BF O &V Csid No.l BF JKIZHRE S 4v, — B¢ BF (2% L T Cs =47 O &7 1/3
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IR ORISR — BB —Cs WAE) 1285 KM LIRS N AR TH D 2 LIVRE
e,

® No.2 BFJKIZ XHRIEHT 4T DGR D 5 A4 70~80% 23 AN 4 C & % CaCIOH, CaCl,-
4H,0 K U} CaC03. 5% ¥ D 20~30% D3 ARSLEHF D Ca(OH), T 2 & HERE S vz, #HiAl.
Al L RO BT T -T2 2 L0 D EREEAIORE & U CIERM AN TEETH 2
ZEDRENT,

® AT 7060 Cs mHERIT, 19 Fall (BB L) TiX 6.9~43.6%. 46 5kl (UK
HEBR) Tl 0.02~1.1% TH 7=,
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FOE TKEEDAMUEBICETIELEOERIFERVBRI T T D) VB
6-1 ZL&Ic

VAT =KIEESEED—DTH Y, BEIZIIAAAXRRITETHD, LnL, VU iialdE
BRI 7ol es 28 EREmICH D . Fo, EHA HMOEICHEL TWAH D, EREOER
T a ) ) AL REIZICL D ZEMERPINE L R ERH L, D, ANHIEE)T
PEH SN D U U EKIT 5 TGS U &2 B L, BRI 2 BUHA G E > TV D,
BRI TIE, U R BT 280 U R BN i 058 J2 5. FEMm I 22 fHEE 23 X
SRTWD Y,

B OERICELY, A7 7Y CEEE LB LEEBREZSEEL, DOWEESEOA
B a2 e RIC R CENL, AT 7 2LRRY VIEEE LTERT2Z LML 2D,

Z 2T, ARETIE., W2 T ESREr — 2 3 TFABRD U U EEHME] (Fig. 6-1) (23
A3 252 L2HME LT, FARBIRIZOWT, ERELIRIC I T 2 B R OB R E L O
WA Z 7D NI T 298 21T o 72, 6-2 Tk, FARIGIRBERNIK & Hpr & LT,
A AR A BERERIZ AN L 72 3 BHZ DWW T EBR S L UL TORMREBR 21T\, U o
AT T ~DIEE & EE R OB BED RIRFIZER TE 25602 ME& Lo, 6-3 Tlik, FKG
TERERIRE LT, 3 VHOWEMT A N7 e HWTEIERBREZIT>72, 6-4 TlX., T
KBGO A Z 71220 T, U U fERbE L COEEZRET 5720 DR, MWA
Bk 21T 70,

Melting furnace Molten fly ash

Flue gas
@ [:> @ Administration
@ (Disposal)

Sewage sludge

Sepa-
ration

Molten slag

Utilization
as
phosphorus
fertilizer

Fig. 6-1 Element separation Case 3 “Utilization of sewage sludge as phosphorus fertilizer”
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6-2 ) UDEELLLEEETRDOIEFEHSBICEY HEHKR

6-2-1 B
&

MR, TARBIRE W5 &R OREHRAF B R & 72 0 £ o0 ORI
WNEEL 72 D720, FARGIRBENIK 2 -l 7o, TER ST KIGIRBERIE 7~ b HEH S 7= it s

K& W2, 2 mm RIS OMRIRTH 72720, #
LM O E R,
U AT HLE T 22.9%.
FEEIZIEEE 3 mCHWE b O LR USEPrE R & V7223,

Table 6-1 |

58 DAL ER

T O PFICEOE EMHEM L,
SIMTTIEIR 4-3-2 DIZREE L 72 B oo ik L Al — & LTe,

4R IE Zn 23 5,600 mg/kg, Pb 7% 180 mg/kg T o7, HILEE
0.515 LIRVMETH > 7,

Table 6-1 Composition of base material

Si0, | ca0 | ALO,| FeO | P05 | Na | K | zn | Po | o | uct : ptical
Name asicity
9%(dry) | %6ary) | 9%6Cary) | 96(ary) | 96(ary) | v6(ary) | v6(ary) “Egg‘f “Egg‘f 9%(ary) | @) | -
S lud
cwage SUdee I ool 72| 129| 134| 229| 11| 22|5600| 180| 005| 0.18| 0515

incineration ash

UC : Unburned carbon

2) EREER
AR OB ZRE S 5 7o OfBRER (LLF, H#HHGED

Ak & LT CaCl, iR (V7 ~T IV RU v F Vv XU #K)., ¥fk) .
Feflk) &Rz,

B & U CIEMEIRREE (7~ T IV R U v F VxR (BR),

3) BRRRETH

AT T OUEELE & iHES D T2 0 Ol A
FU v F Vv R, i) z2 v,

6-2-2 EAEREM

Table 6-2 |2

(LA
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BT 1,350C & LT,

S HIT

i, AR A et D

. AT
BT

. R A R, EMICHRHGEI O CaCly, TEVEER 2 £ 12 B FEIIC
WL, HEAEHRE K ONE ST g O ffe e 2h Rz i L7z,
20%EIM L TR T 7 O IEFE % & o0 o Sefth TIH PR 2 IR L,
BIZOWTHIHAE L7z, MEVEEX

BT 2 e 5 Al

ZiE. CaO RR¥E (v F~=7T I

5~30%
mEiE D CaO % 10%.
BIFAEEEDE




Table 6-2 Test condition

Blend ratio of sample (by weight)
) Examination Sewage Volatilization promotor - Tempe=
° contents sludge Chloride Com- rature
incineration bustible
ash CaCl, AC* Ca0
1 95 5
2 . . 90 10
Chloride addition

3 80 20

4 70 30

5 100

6 95 5

7 Combustible addition 90 10

8 80 20 1,350°C
9 70 30

10 81 10 9

1 72 10 18

12 . 72 20 8

Influence of basicity

13 64 20 16

14 63 30 7

15 56 30 14

6-2-3 FHERAE
BER~ Y 7R E O TRBREAT > 72, 2-5-2 DIZRLHL L 7= BT B AINaER & [ —o %
ETITo 7,

6-2-4 #ERLEE

Fig. 6-2 |2, FAIRINMEMTORITTHROFBERZ T, JcH# (Si. Ca, Al Fe, P),
TH Y 4&JE (Na, K), EAE (Zn, Pb) OWTHIZOWTHIFEHRTIFIEE e ThHY |
BT SN oz, B /IR FAE L 720G T ik, 1,350 CO @i ¢ b HEA
B, TN BRIXERSEETCE RN ERHA LN E ol

Fig. 6-3 12, CaCLIRMZEAETO, B CLIRE L U . BHeJ& (Zn, Pb) OHBER L DR
%R T, CaCl, DU EWER B ITEBCESHM L7122, U AR EBER 2 HERF L 7=,
AR A 3B E IR WBERIK I OV TR, SBIEIRINC L2 ) v EER OSBRI TH D =
EPIRES T,
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. Alkali Heavy
[¢—— Mineral element ——» 4= 1ot3] [ metal
100
— 80
X
2 60
[\
c
0o 40
)
©
N
S 20
8
S 26 01 06|16 16 16
0 T T _——rE e
23 07 2.0
-20
Si Ca Al Fe P Na K Zn Pb

Fig. 6-2 Volatilization ratio of each element in the condition of no reagent addition

100
— /4&::223
80 A —0—17n
—A—Pb /;‘7
60 X~

Volatilization ratio (%)
N B
o o

Cl content in sample (%)

Fig. 6-3 Relation between Cl content in sample and volatilization ratio of P and heavy metals

in CaCl, addition condition

Fig. 6-4 |2, TEMERININSAEIZ I T 2 AR EE & R & oBfR 2~ 3, IHMER OB
PEVESROEBIIEE SN2, EEREZEICHRINT 2 &V b EEEE ML, U
EEEROSHERREERAER L Moo, ARHOZEIRINCED U BAY v RY V%D
KR BRSBTS, L B2 b b, FEEOWEMIFCIX, TABRZBENET
I[CEBAR L TH Y . FABIRICITE R — 2 T 80% DAY (=w¥) REaEnsd o
LG, BUROEERTIE, IFNOTBRBEE CEITIEOEWEMR E /20, VO E
GEEHITHEBL WD LB NS, TO, EEEORBIFICHEMAT 57-0121%, U
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> I S E IR WD IS OIGIRIRBERBIC + 0 I 2R A WA A BB OMRFE S EE &
O, BEILHEFRHRE DL ZENITETH D Z LIRS NI,

100 'y
—+P ?ﬁ
80 4 —0—17Zn

—_ ——Pb
<
S 60
-
: / b
c
S 40
-
©
N // /
£ 20
)
> V///A{/
0
10 20 30
20

Combustible content in sample (%)

Fig. 6-4 Relation between combustible content in sample and volatilization ratio of P and heavy metals

in AC addition condition

Fig. 6-5 12, V&R 10%., 20%. 30%IIZERMIZBWT, ATV OEEE 2 2L ST hG 6
BT 2 AT VT ONFIEILE L R L ORE R T, EEROBIREICLST, 27
T DONFHEILE N B NFE ERESROERRIIEVERE o TR0, HEEREWNTEY
VEBEBRDENFIZGHECE D Z LN oTo, AN EWIE EEA R ORECRA M
L-HEIE, #4 ZRORBICB O T CsHBEMEMULABEE LR T THY . 2T 7 OEILE
WEWIEE, 2T 7 HhOEEEBIEMOLRNEZ TAT T OA FUAENEE Y . BUY
BRI 2720, EAREF T L IEAUERE & OO MEERER ML T 7 —a v iR
BIE Y, BEEENMHEBR LT RS EBALND,
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Volatilization ratio (%)

100 100 —r
//&—ijg — — )
80 e 20
Y. g —
60 i\c’
2 60
o
40 c
o
P = 40
20 —0—7Zn | - P
—A—Pb B *ﬂz
—_ —A—P ||
0 =; = R
T \J:
-20 0 T T
0.5 0.52 0.54 0.56 0.58 0.52 0.53 0.54 0.55 0.56 0.57 0.58
Optical basicity of slag (-) Optical basicity of slag (-)
(A) AC 10% addition (B) AC 20% addition
100 =y
80
x
35 —o—p
B 60 —o—2n [ ]
c —A—Pb
_5 00—
s 40
= O
'.g 0 0O
o 20
>
0

0.53 0.54 0.55 0.56 0.57 0.58
Optical basicity of slag (-)
(C) AC 30% addition
Fig. 6-5 Relation between optical basicity of slag and volatilization ratio of P and heavy metals

in AC addition condition

UL EOFREMERBE R D, FTAKBIROERIZE T2 ) > 02T FEEl & Ee R OBy
HELCOW TR, TARIGIR 2 EHGAR T 2 REBE T, TAKGIRICE £ 5 AR D& il
RNRTEGBIIHEHEIBETE D200, AEMPEEZTY v O—MLMBLTLEY 2 &
NTREND 20, FROTHIRIRBERSIC T3 72 225K 2 WGA T EILEFRIHR 28980 5 2 & 3
HETHLZLBMEMNLRoTle, £/, ATV DOBERELZmDLZ LTS, VU EHER
DOBEN=RBEmO bND L bahroT,
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6-3 BRTRNTS 2 L TORIRER

6-3-1 BETANITS b
BSEEFE—DOIYAWRT A N 77 > b (ERFNES 1.8 m, 77 > M E R 400 m?)
ZRAWTAITo 72, 77 v FEIKO 7 v —% Fig. 6-6 |Z33, /N7 7 4 L% (BF) 13—Bt& L,

TRRIRIK DFFEE & BRME N A D Fn % [7l— @ BF TiT- 72,

Sample
‘ Rake No.2 feed conveyor = Flow of solid
% feeder —> Flow of gas
Weighing
machine ‘

|
No.1 feed conveyor ‘

Double

% | R |

No.2 slag discharge Post Heat
exchanger
conveyor chamber g :ﬂ ca(oH),
Water l
‘ ) ‘ 1 e
Weighing I:; :I
machine Iﬁ Gas heater

L
|-|__‘.> cooler N /|
Catalyst
4 i tower [=>

@

No.1 slag discharge
conveyor

F Chimne:
Molten slag BF ash an v

Melting Air =>
furnace

Fan Fired heater

Fig. 6-6 Flow of melting test plant (3 t/day)

6-3-2 EH#

AEHZIX, AR TR 2 b BEH SN 7= RE5 e % FV -, Table 6-3 12, 3kt #R
&R, AT IR, SISO TR 5-2-2 (ZREHEL L 7 AR R O 3 M 5 1, ATy R
FSAZ DN T 2-3-2 IZFRE L 7o R EA O o ik, IROTAEEIZ DWW TIE 4-3-2 DIZFEERHE L
TR DML E N ENR— L Lz, {BIROFIKIIL 87.1% Tho7-, U VRE [F{b
YR EAE] 13, SR — AT 28%, K R—AT219% Th-olz, BLBOWREEIL, iR~
— AT Zn 7% 620 mg/kg, Pb 7% 33 mg/kg, JK53~N— AT Zn 75 4,800 mg/kg. Pb 7% 260 mg/kg T
b7,
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Table 6-3 Composition of sewage sludge

(A) Three component and combustible composition

Three component Combustible composition
Name | Moisture | Ash C°;‘bk|’:‘°" c H N o | T-s | T-CI
% %(dry) %(dry) %(dry) [ %(dry) | %(dry) | %(dry) | %(dry) [ %(dry)
Sewage 324 12.9 87.1| 445| 62| 54| 305| 042 007
sludge
(B) Ash composition

Ash composition

Optical
Name Si0, | CaO | Al,O; | FeO | P,Os | Na K Zn Pb | basicity

%(ash) | %ash) | %(ash) | %ash) | %ash) | %ash) | %ashy | ME/KE | meske |
(ash) (ash)

Sewage | 59| 112| 154| 91| 219| 04| 22|4800| 260| 0532
sludge

6-3-3 EAEREH

BRI W T, VI L EGBRE DT 2720 OB RIE, [ERFE N OVGTERRIETS Tl
DEEZEO DL (SEBEILEFHREH/D D) 28] ThDHIENRINTTD, FRNTEK
FENT 24T\, 7T b FEFERER COERIKGASF & st Lz,

EAGLARARAT Y 7 MIIE Fluent 28/ L. =WRICOEHMNT 21T o 72, FLIRET /Wid k-¢
Tb, BREEE T VIZIRIEECE TV, BEHET UIE DO BTV E UV,

Table 6-4 |2, fENTSRMFZRT, FARIGIERE, ATHE, REEZEXHREREILT T F IR T
DOFETEE Z A8t LT, TR OBRBEZER & L CiE, N—TF R L a—F RO 2 FENH D |
TN DVGALEZ RT A —& & LT &IE & LTz, Fig. 6-712, /N—F2EK, a— 2K
DWGAFNLE L IGIERRBEE & OBIR 2R3, FAIGIRITERIE O &l b i . Oz
e - B, @RSy DBREE (BEHD) . @K DR & VN D 7' e 2 &R 7208 HAR &2 T HLE
~BE), RETDZENG, FOREGEIGIRREER, TP~ KRS & T o T
Do N FZERUTH EBE_LICERE S AL BRBE N — T 0 D AT & T MOA F 41 2 72 9D PR Al
HICmFE MG 208, a3 —FERUTEZME LICHRE SN a6 AEN D T2 DG
TR BER I FE 2 AT 5, Lia - T, I —F XD R E & 1250 7 315 IR R BES
DOEEFFENE < . BICHEFRHAXRH 2L EEX N5

e
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Table 6-4 Thermo-fluid analysis condition

[tem Unit Value
Diameter of melting furnace m 1.8
kg(wet)/h 175
Sewage sludge
keg(dry)/h 120
oil L/h 50
INPUT
Total Nm®/h 940
amount
Air Burner air ratio % 100 - 20
Corner air ratio % 0 - 80
Air—fuel ratio - 0.94

Burner Corner

air air

il

Fig. 6-7 Blowing position of burner air, corner air and sludge-combustion zone

Fig. 6-8 (2. BJRIAMNTICRIT 5 2 —F 225K 0% (IN—TF7225 100%) S KN a—F 225
80% (/X—7F2251 20%) Sl C OV T B M i ORI EE AR R A2~ T, (A)Da—T 22
RO0%GMTIX, N—TE T OKERE COMBIREIL 5~10% L @no7cb DD, FEREHO
THIRAEE COMBIRE ML o7, ZHUTHK L, B)D a2 —F 225K 80% :1F Tld, ZERDHE
BRI MGA E N D 728D IGIRIABER CTOBRRIRED 5~15% & @< . {GIRIRBE 0% T
MEFHRNEE D SN DR R e o7z, £ 2T 77 v MIEFERBRIT. 2 D(A).

20

et
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(B)DZEZMGA b CHEET 5 Z & & L= (Table 6-5),

Oxygen 20%
concentration
=

15%

10%

5%

. Sludge- Sludge-
Ash-melitng [\ combustion Ash-melitng || combustion
zone zone 0% zone zone
(A) Corner air 0% (Burner air 100%) (B) Corner air 80% (Burner air 20%)

Fig. 6-8 Result of thermo-fluid analysis:

Distribution of oxygen concentration in the vertical section of melting furnace

Table 6-5 Plant demonstration test condition

[tem Unit RUNT1 RUN2
kg(wet)/h 175
Sewage sludge feed amount
kg(dry)/h 120
. Burner air ratio % 100 20
Air
Corner air ratio % 0 80

6-3-4 WREEE

1) ArERIKR

RUNI1, RUN2 & # 16 KRFfELL B oDifge E i iR 21T o 72, iR OUSEE N (ERBEE)
BE, AR, A7 Z7HHEIZVTNLLE L TRV | EERREIXRG TH -7, Fig. 6-9 (2,
4 RUN COEFEEH O b Lo RE2Rd, BRRBERIEE L, #i4a20°C oL B)HiFH
TREMNHER LTz, Table 6-6 12, 45 RUN TORRBIRE K VR 2B 1T 2 B,
T ABDNI Z~T, FARIGIEF OGREWITEERIFEN CREESILT 5728, ARICXTT S
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2T T EOHRITGER—ZATENLEN 12%. 14% E700 . FARIBIROIKSSHHE 12.9% & 1
NEE LT, BREEZER T D a2 —F 22514 1X RUNT T 0%, RUN2 T79% & 720 . fHEEY
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(A) RUNI1 (Corner air 0%)
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(B) RUN2 (Corner air 80%)

Fig. 6-9 Gas temperature trend at various points during steady operation period

Table 6-6 Melting temperature and amount balance in the melting furnace

RUN1 RUN2
Item Unit Corner air Corner air
0% 80%
Melting temperature ‘c 1,322 1,330
Wet keg/h 172 172
Sewage sludge feed amount
Dry kg/h 114 117
QOil amount L/h 42 48
Burner air Nm®/h 810 197
Air amount Corner air Nm®/h 1 733
Total Nm®/h 811 929
) ) Burner air % 100 21
Air ratio
Corner air % 0 79
Wet kg/h 18 19
Slag discharge amount
Dry kg/h 16 14
Wet [ Nm®/h 1,332 1,463
Flue gas volume at furnace outlet
Dry | Nm%h 1,027 1,135
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2) JIURUEZROEME

Table 6-7 1. 4 RUN \Z331F B V5 JRIRIBELD .

Table 6-7 Gas composition in sludge-combustion zone and at the exit of melting furnace

o =
22X

HITHEDRTO BN D Z L)

VR B oI AR TR SR 2R, EREE
OO A AL RUNT & RUN2 TIRIZFR—TH Y | FRETORBERSEIZF L TH -T2
D3, ABIEBRBER O T AMAIIRE S ey | a—F
Ta—F2ERHRE 80%IZmD D T & THHRIREN 02%7025 127%THEML, 2—F2EK
SR D HEIN TG IR e 65 TR B R

2R 0% @ RUNI1 (2% LT, RUN2

maEnt,

RUN1 RUN2
Item Unit Corner air Corner air
0% 80%
0, % 0.2 12.7
Sludge—combustion zone ]
(Outer edge area) co . 221 2.3
Cco, % 9.7 6.2
0, % 3.0 3.9
Exit of melting furnace ]
(Bottom center area) co * 0.0 00
co, % 146 140

Fig. 6-10 IZ, % RUN TO VU v LK O#EAE (Pb, Zn, Cd) OBERZTRT, oW HIEE,
5-2-5 \ZFCH LB O ik LRl — & LT, F e R OEECRIT Eq. (6-DIC L W R L7,
AT TR X AT RO TRIEE

BAE X AT OH TR

KILHEDOFEHE%) = (1 — ) X 100 (6-1)

RUNI &b o —F 2855 80% D RUN2 TiE, 90%LL EDE I Pb, Zn, Cd f#HHE %
HEFF LoD, UV OEREE 24%0°5 8%ICKIBICIKET 5 2 LN TE 7=,

PLED7Z o NERERBRFE RO | WO a —F EXtEE2mHDH 2 & T, FROHE
IRBER DR MR R Z 990, B R OB RIS Lo E E Y v o R T ZEEL
RrE@MDONDL I ENRINT,
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Fig. 6-10 Volatilization ratio of P and heavy metals

6-4 BRRST D) VB HICRET S EREAR
6-4-1 TKFBRBBR S TITRO 5 BB

VL, BRI O =KERZO—>D>ThHbH, BERO=RERLIFEHLE, Vo, BV TLD 3D
ThHY ., MR EDOREDT-DICLEICERL, MK EZRESEFTSEL2D, B¥E LF
ICHERE LTEL 52D ZENEE LW IR TH D, BRIT, HICEE RS S80TL,
IR 1XZ%) b, U rid, FICEEHECERL, R (ThIx) b LIEERE
(BZZ) EEbh, U UAE, ECROEE EMRNORBERECEGL, RIE (A
Zx) EEbRhD Y,

REEHZ, ERMEAEE & R MEREEHZ KA S35, BPEAREE & 1, AKEERE <, i &

AR ST, EEDRT IO Z A 7O TH Y | (LR ALERCHR AL
MEZET D, FEIZ, BIEE LTEMSND, SRR & I1E, KEHEMES, L THhH
S0 ERDBBIN, FifiT 5524 TOIEEITH Y . #EESIEE OKEEMED{LRAERLDFR
H &S CE - IERD S5 15, EiC, i LTRSS P, EEIEEHCR
W, KEEDMRNZ & O, BRI O REEMETTE Z W LT WIEREIZ A L
EHLDIHINT 27 =V, BV YV, AXRBEOAIE (REE) Yk LT
PER N & EERFE S 2 D,

TARGIEEEA Z 703, Vo ERRENE L, KEMEDORWIERE (77 2E) OHEARE
kM Th D70, FMEY VIR E L TOEHAERESWEEZ 6D, £Z T, FAKGIRE
AT 7IZONWT, KEMEKR D7 = SO ARIBEICIHT 26 (BLF, Z&tE) 29
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BT D7D O HEER & ZERORMI R 2 NEE 2 fEsE 3 5 7o O DR E TR 21T o 72,

6-4-2 HEHEHER
1 #H#

e fin 2R VA AL O FERERR 2> B PR STz FAKIBIRISELA 7 7 &2 bt & L, HERE 0w
EIAET D70, FEEIFRIM, CaCO; 20% AN, NayCOs 20% M D 3 S CHpvaml L, AL
EDRRD 3 FEHOAT Z BRI LRl L Lz, BINEERITEEEX—-AONK L L,
CaCO; R, Na,CO; iRIEIT T 7/ ~T N R v F Uy R U BR) ORI L Az, FERIT
UFDOFIRTIToTo, AT 7 LREEFTEFS THEIRS L TEMDSDIE (¢80 mmXH 100
mm) (ZJEAHK) 80 mm THI L, 1,400°CIZHHEE S L7 ZBK H AR FOBR~ » 7 /WAL
ALT2 RN L Tz, 20k, AT 7H2BH L, BRI CERGBAI L%, 200X &
U CHLEATHAREL ., 1~2mm @D b0 EREHE Lz,

Table 6-8 |2, FBtOMB A R, HILERIEIZIT, H 3 ETHW b O LR UL
B Wz, AR L DM OB IR bbb o0, WEREDR 2 3 fFEORE % F
I D eNTE, FHEREDOFSNL [ NaCO; il > CaCO; IR > Rikh 1 &
ol

Table 6-8 Composition of sample

Optical

Si0, | CaO | AlO; | FeO | P05 | Na | K | Zn | Pb | S | G | “tEs

No. Name

mg/kg | mg/kg
(dry) | (dry)

1 No addition 287 90| 171 | 221 172 11 1.8 250 9] 0.16] 0.02 0.528

%(dry) | %(dry) | %(dry) | %(dry) | %(dry) | %(dry) [ %(dry) %(dry) | %(dry) =

2| CaCOj; addition 369 248 | 186 | 26| 115 12| 1.7 56| <05| 0.15| 0.02 0.587

3| NayCOj addition || 400 95( 209 | 16| 75| 114 138 59| <05| 0.24 | 0.02 0.599

2) AEBRAIA

REEMEDFHMIE, 55 3 ETHW b D & [F U H3 BBETE RS 46 53kl (LT, 46 53llR)
(X VAT o7, BIIERAZHIEEL 50 g Z# BV HY | ZREIK 500 mL 22 TER L, ]RE D
SRAE 200 [A1/53 T 6 IR & 5 L7z, IR & O &, B TBEZ ATV WO U iREZ TR L,
WHREZFEH U CEME L7z, £/, BRAMEEEE LTo U > Oflkke it H &2 595 7260,
& D IpM & 12 Befil, 24 Befi] & L72RABR AT o 72,

7 EHEDFAMT ., BB IATIEC I T 2 7 WY o a7k (LT 7 = ke HEER)
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WCHERLL THT o7, AR T AT EN g 2@ VEYD ., 2% 7 = U FRIR 150 mL %N 2 T
L, #iRE DA 30~40 [B/73 T 1 iR & 5 Lz, #RE H %, BRDBELITV. BWRF O
UUREAERL, WHEZEN L CEHE L7,

3) HWREER

Fig. 6-11 |2, 46 ZRBRICBIT HERE OV RN ERT, higxtg & LT, #ahtEnib
FAEEE (N 11-P 12-K 10-Mg 1-Ca 4) [ZOW T HRBRAIT - 72, HWMEERICixg s/ Y v o
42% (420,000 mg/kg) MEEH L7z DIzt L, @A 7 7 CTld U =2 0.0036~0.037% (36
~370 mg/kg) LK< U AIKEBEEDMED T2, Flo, WEIA T 7B 5V VIRHEROF
T [ Na,COs il > CaCOs i > FEHIRAN 1 & 720 | SeFaREERED&H WA T 7%
CTRHENE L, HEEATET L2 LT v oORHEE L —ERERETETHD Z LN
RENT,

AT T OIFHIEILSE LK TOR LR DU HZEE) & OBIRIC OV TSR 3 BTk ~7223,
AT 7 ONFHIE R TR K pH A/ U CRBERIIC A e R DU @84 T L e
%ﬁ%ﬁﬁ%wX77&E%MWpHﬁ%ML\%mﬁpﬁﬁ—ﬁv&wuhmﬁm¢ékx
TITEENT A REEZREZ L, U HOFERNOLR IIRHIREN T 5 B2 60
%o ARBRTH, WK pH 1Z3EAIRINI A Z 77T 8.5, CaCO; IRIMA T 7T 9.6, Na,COs ifs
MAZ 7T 9.8 ENFHFILENENAT T E@mMo72Z Enh, RIEICEKT 5 H
Tholz Ll EN D,

4R (Zn, Pb) ORHIEEIIETORT V TERTRANM (<0.005mg/L) ThoT-,

420,000
B 500
&
E
© 400 370
ki
-
=
c 300
f_- 220
o
o 200
Ed
o
& 100
< 36
(%)
©
3 o
No addition CaCO3 addition ~ Na2CO3 addition Quick-acting
[Low basicity] [Middle basicity] [High basicity] fertilizer
Molten slag

Fig. 6-11 Leaching ratio of P in water-leaching test (JLT-46)
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Fig. 6-12 12, 46 5ilBRICEBITDIE L DKM & U ARHE L OBIREZ /RS, B MEARE Tk
B 0~6 FEROIEHRITE D > 722, 6~12 Bifi], 12~24 BFEfOBEHRIFE LAL T L, B
BRI FEAERT N BRE S AL7= DIk L, WA 7 7 Tl 0—~6 Befi o U =R 8+
~¥H mgkg LIRS b OO, 6~12 FEE, 12~24 B CTH RIFRE DR R ZHERF L, B
BIZWRN RN fikfe 92 Z L RS iz,

—{1—No addition =~ —0—CaC03 addition ~—A— Na2C03 addition —— Quick-acting fertilizer
[Low basicity] [Middle basicity] [High basicity]

600 450,000

>\ - 400,000
500
\\\&///’////,//’{*""““‘-————-___ix - 350,000

400 ﬁ 300,000

Leaching ratio of P of molten slag in JLT-46 (mg/kg)

Leaching ratio of Pof quick-acting fertilizer in JLT-46 (mg/kg)

250,000
300
- 200,000
200 O A O—— & 150,000
\T’ - 100,000
100 v
L 50,000
O —)
0 0
0-6h 6-12h 12-24h

Shaking time (h)

Fig. 6-12 Relation between shaking time and leaching ratio of P in water-leaching test (JLT-46)

Fig. 6-13 |2, 7 = inHaRIC I 2 3EARIDMA T 7 (IREALED) | Na,COs IRINA Z
7 (EHEE) OV U EHEETRT, 46 BRI TO Y U HRITE A+ ~E mgkg Tho7-
N, 7 T UBEERBRTO Y SRR % L Em <. TR E o Te, e, @A
D NayCOs IRMA Z 7 DI B RITE o To, AT 7 ONFHIEIEE L P TOX LR DR
HZEE) & DBIRIZ OV T HEE 3 TN, AT OINFREEE L Bh TOK IR OB
HELIXEOMHBENRS Y | HEEORE WA T 71 E SiO, BMERIREROEE 2 -3 10F
MEEPRET LB 65,

PLEDOTEHEBRIE RO, TAIGIREMA Z 713V o OREMEME < IR MRS EHIZIEY
Mgt L. 7 WMEREN EnE, BEY VIERNGE T AR ER LTV DH Z EAVRE
i,
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Fig. 6-13 Leaching ratio of P in citric acid leaching test

6-4-3 HEYMEBFAR
N RSTHH
6-3 D7 T v b IERERER CTHEH ST TER A 7 7 & e L TRV =,

2) HEBAE

1/2000 a DR v B ZIT o7, HEWFRIZK & Lz, Table 6-9 12, #ERGAMZ 7T, (A)
U UERHE A2z L, BT Y SRR G Y v ERAIK) ZHiH. (OAZ 7 &M D 3 548 L
7oo U VIERIOREM &I 1.19 g-P,Os/pot TRI—& L7z, KRS, MEESRME, KEEHEERED
Rl —&RD X ICEHL T T2,

Table 6-9 Test condition

. Applicati t

Examination ppiication amoun Plant

No: contents @ OB IeES species
(g—PzO5/pot) P
A No application of phosphorous fertilizer 0
B Application of cqmmercial phosphorous fertilizer 119 Rice
(Calcium superphosphate)

c Application of sewage sludge molten slag 1.19
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3 HRLEEE

Table 6-10 |2, MM EBTREBROMERZ T, BEIEL R THERICOVTIE, U VBB ZE
L2205 T2 R MHANT OV T 4.0 g-dry/plant EAK > 7225, ik U SRR fEH U725
H@B) LB A T 7 & i L7 5M(0) ik 10~11 g-dry/plant TRIFRETH Y . AT 7 OIERhM:
ROV VREL L RIS TH D Z RSN, BELEEEZ R TZRFOESBEEIZO
W, Cdy Pb HZREMFICHOWTER FRRI CTh o7z, LT, FTKRIBRAZ 7D
U ke LCom AL, EahiE, BREL SO SRR RN &SR S,

Table 6-10 Result of plant growth test

No. A B Cc
Condition No application SO Molten sla
P fertilizer <

Growth situation

Fertilizer

Weight of seed rice g-dry/plant 40 10.7 11.0

effect
Environment | Heavy metal content | Cd mg/ke(dry) <1 <1 <1
safety in brown rice Pb | me/ke(dry) <1 <1 <

6-5 #aim

TARIGIEDORAAEIZI T 5 Y DA T JEE(L & Ea R Ok B B9 5 P ik o
B, 77 FEIERBL SRR 7 70V CNENRREIC B S HERER, TR AT
ARSI PSR S o

O U LEHBRODHEIRE 2 EMRETIX, TAIGIRBERIKIZ L Tid, HibERIZ XD
SEERANTH T, TG Z BT 2 ZBECB VT, TARBRICEENDH
By DB TCHEFEZNIR CEBB L LY L O—HLEBL TLE > 2O, @RS 2
(AR DIGIERBER O LSRR 2990 5 Z ENIFETH 5 Z LAV S iz, £z,
A7 7 OWBEEZmDH I LT, BEERONHREZRmOOND Z LRIl

@ 7T P FEAERERTIE. WRE O o — 28R 2 E 0 THIERBER I 28R & I EYGA T
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Z & T, FHNOHIRBBER DR TTHER K 2950 BEAROEHEE 90%LL RIZHERF L
TEETY COFEHELZ 10%RWICME, UV EEEBERENEICHHETEZLZEMNT
T,

@ WELAZ 7DV AERFHEIZBI T 2R AR CIX, FAKIBIRERA 7 7130 > OKEMEN
< AEAPEN R HNCIE D Mk L. E£72 7 = RS ORBRICKT T HIEIERE N2 L b,
FEMEY CIERHZE T 2R E R L TWD Z &R Eniz,

@ AT RERTIX, ERMEETRO U CIERE (B Y AR ERBETHY | BELE
MbmEholeZ &t VR LTOBRICRHEN W &R Sk,

(5563 ZECHR]

1) RYTAK:Ffei U SR — NEOFT- 72 7 v — L & R of & — | FR4 & FITH,
Vol. 37. No. 139, pp. 6-12 (2013)

2) U4 FT 47 HP: JEEIO =2 EE 2R 2016-6-20

3) (FEAALFEZE HP: JEEHZES 35 Q&A. http://www.sc-engei.co.jp/siru/h_qa.htm, Z R 2016-6-20

4) BSI AEWFFERFZEHT HP @ ALFREEHTBI 32 Z053%.  http:/bsikagaku.jp/f-knowledge.html, 2
2016-6-20
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AFSUCTIL, RN O n Ry HE e U, P A S SRR S 2
IRV, KEb R OERRE, TANY SR EAER, BOERORBIZESWTHENTHE
B S CoBE L, IWRRIK I IEME T A HEE) ICEB L, 3 F—ADV AT AIZONT, &
RN Z T2 Z L 2B E L. IEEUIFE N TORRITHE OB R Z 5D 5 120 O
FROAERY) TH DA T 70 b OMG TR OWE IR A TAET D720 DR EIT o712,

H2E EIF|CBNT, =2 1 IR ST EEBOILTTET Fi 2
Ak S OVRRIAAEEIZ XY Pb, Zn O EAJE Z W 2R ICHEEE L B CH D IRRRIK &
E L OIEEREBIFELE LTHIA) ] ICoWTomF%E, F4E, HEEIIBWNT, F—A2
[HAARKEL CTOE Y T MERICEIT DR HREORMAL (Y HE5% 4 RRLE L C
Cs & BN RICHEB O BE L REEHT 2 B A V> BOERMAIK O A & L TRIFIZIHAEL)
IZOWNWTORGETZ, 8 6 BICBWT, 7—A 3 [FKBIROY VIEEHME (F/KIBGIE % TRl
BLCY VEFRA T ZICEE LN b ESE 2B, 2 oRREEOR#Y % 554
IR LT, A7 7% R2al ) VIEEHE LTER) | IOV TORGEEENET- T,

# 2 WL, 3 MO T ZAPENL S ARBd R L LT, EeROMBDRER R 2 L
T DO DIEMEITE AT > T, WAk, W) 2 BRI G L <UKRE W L 72 5 O
PR A 23Rl L T2 RAIFIZ D W THERRE L ~UL TORERMBEBR A 1TV, Pb, Zn OIS
OWTHEZIT>7, B2 ETRLONICIERMEZ LU TITRT,

O FEAIREMSEMETIE, SE (Si. Ca, Al Fe) ICOWTIHER Lisno72as, 7Tuh
V4&E (K, Na), E&E (Pb, Zn) 2O\ T, BEEFR SIZE 5 Cl M L O
BAlE LCTER Liz2), FEREBSEZ 72,

@ CaCly,OFIC LY, & TORERFE STV CHEACERE NMEE S 4u, Pb, Zn SEEREIN
L7z, BAEESHTICE Y., CaCly 1% 770~1,200°C TAElfE L C CL & L, Zd CLizXk v
WAL DS HIE S D LHE S 7z, Ph fHCE L Zn HHERIIMAQIEORMREZ R L, Pb
FBCERO TN Zn #HBER LD b @ o lz, #ld & L TiE, CaCl, 7523 NaCl X b &g
NIRRTz,

@ HEMHROTINC LY . & TORERESICBW CGEITHERMEE S, Pb, Zn EHER)HY
U7z, AT OLGE L RERIC, P BER & Zn #BERITIEORRZ R Lz, #EE0H &
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LCOEDOFFNE [ #EMHR > RPF > PE ] L7e0) | EERBREOEWVAESITE
RERNIR D Do T2, RPF, PE XA D KER 5y D3I 73 TN T Ab L7272,
EMER LD BB PME ST B Z BN D,

@ CaCly EIEMER OIRAIINC L0 | BRI L 0 & &V P, Zn #0235 54, CaCl,
AN K D AR & IEPEIRAINC K 28 e OEA R MR Sz, [CaCl, 10%
HIEMER 10% RSN K 0 2 TOREHFE 12D T 95%LL LD PhiHBERA S b,

® BICMEFFR AT S Z 212k Y P, Zn BRI L, H A2 X D& T bIEMER
O EE PR O & RIS, BB OEBIEEICHES TH D 2 L BRI L,

11

%5 3 FECIL, AT S ABERIE SRR A T 7 B G & LT, BREEH T Ph A HEE A TR
BT D7D EIT o7, TRAERINER) & 1227 73k o 2 EHORREZT-
7o TRREETINEABR) CTix, ERRXOT ZAEA 7 7125 F R OREZ TN, HEsmH L
THRDBRIR D AT 7 AERL L. 2 OREHESEEA 7 712 oW TR Z TV, AT 77F
D EERK & Ph VA8 & OBIRE RMEANCTE Uiz, [FERAT 73 Bk TId, 13 figk T
BRI L 7401 SAIRRA T 71OV TR 21TV, FEMiik A 7 7 COMB O 8 % B
BRE L7, AT ZHROFMIEIE & LT, Si0,, CaO LIS G & 7= %t R ki o ik
HRBTREZO IR E OB 27 7o, B3 B TH LN ERMALE L FITRT,

[RRIE RN

O MEHRBRTIE, Pb 2E 07 EEARITEORM RIS AMEILE & HILE 0.59~0.68
ORI TEDHBZ R U, SRR, Bl L0 SR & < PRI
FEOMAFRE L L TORRMENP R E 17, TR L HEHEB OB IR b s o
T EMB, AT TEERIENRE, WHLLEEZ bR,

@ JKIEHERBR T, R T 7 O P ag I TW IR pH %21 U CIRIERRIIC A oo 8 O ER 125 E)
R KT LT, RPREREN WA 7 713 IR pH 23@ < . I HHE pH 23 @0
&L EERROTHEIL pH 1L UL ETT IVl U B AR Z LIRS L7223, Pb i
pH 9~11 |23 W TKER LS DO AR bfeik & 72 2 7o O IR E MK LT,

[FERZ 73lR]
O MIEHRBR T, Eifk D27 71200 T, BTN L RIS, 2T 7 O F0E
BB L R ORICIEOFBIIRRD S vz, fHBEMHIFK T L7z, Pb OEHER %+
IZELRT DT, AT 7 OREBEDEV, Ph JEEEOE NS BB LIZHMEALETH D
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LEZ BN,

@ KEEHFERCIE, FERBOCEIZ OV T, AHBAMEIME T L7z b 0 OFEERINGER & Rk
O R BT A3, Ph AZHOWTIIE MR EN E &R T IRMEREE DR T 7R E o722
AR 7 REEIX TE Ao 72,

@ TENO DK ILHEOUHEEENL, AT 7 PR R | AR D R O &
HERTARATE LTz,

554 TETI, B ZABEAK, FAKIGIRBEAIK, tEEARBCGS L LT, Cs O Z
LRI DO DIEMEIE 21T o 72, [Cs NEAER) & THIKEER] @ 2 I OMBR AT o 72,

[Cs NEAER) Tld, I RETEMIIEREGE Cs M L7z b D27 R0 Bt & L CERE
L UL T ORI 21TV A0 rT B O IRINC K DR ED R, AT FHREE O
BEIZOWTHELIT - 7o, T3KEER] TiE, B Cs 2@ xR MY 2 RO S &
L CIRIBRDEERIERER 24T\ M Cs OFEBRMEIZ DWW THGEEZIT > 72, 4 ETHLNL
EEEAY S BT & G B N R

[Cs W]

O EAIRBMSEMETIX, 5T#E (Siv Ca. Al, Fe) [ZOWTITHEENTI R Sl 7228,
Cs a7 VAV 4&E (Cs, K, Na) (ZOWTIEI AKX T, BEA&RETHE (Zn, Pb) (2o
WTIE T, ZNENAERBEBRD A6, ZHKF O Cl, HEF O 2 b
¥, BIUCHBEOEBAIE L TER L0 52615,

@ CaCl, DMLV, ETOREMITBNTT VD U A O EBRITHEIM L, CaCl, 2 Cs
BAREN R A2 AT D Z RSz, TA0 Y SRoTEERRIE, HTEFnkEn

RIFEEmLS, [ Cs > K > Na ] OFFERrolz, PR G- omilF3& 5 Dot

JEQR AT NS AL DEFIFRKIEN @ N2 E D KTV h ) SR O

HRLAEDEWICER LT FH ThoTc EEZBILD,

@ FEHH L LTCOMEDOFESNL [ CaCl, > NaCl > KCI ] 720 FHEEHER) 1L CaCl,
Wb -7z, NaCl, KCl % CaCl, &t 5 EfafnAKENE <, HbWFRED £ £ T
FRLLSoT W o ), HHUREDRAME D o7z B2 b D,

@ JEMRZBEMBTML TS, 7Ah U ERIC OV TILE T L 2 EEE RN R b h
hrolo, L L, WEMREZ CaCl, LIRARNT 22 &I2L 0, TAD VEREIZONTH
BRI FEL L, 99%LL B> Cs HHER NG Hivie, TEMER OBABEIC X 0 3B
DIEFEIMET L, Cs Ol EIEREDS Cs,0 75 CsCl ~B @) L7-7=, AL

H

%
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REINTZEEZOND,

® BEH LB =/11% CaCl, & [FIFRE OFHUEEZN R Z A L TR0, CaCl, (RO EH & LT
ITHAEECTH D Z LRI,

® [Fl—® ClLIRMEESRMG T T, BRENSHWVAT ZIET ALY &ROFEHFRILEL .,
AT T DOIFINEIEE & 7V ) &R OB IXfE 22 IE QMBI & 7R Uz, AL 238
U CHEREMERBE DR DBEZ D & AT 7 OA U FEEMEREE D | BIRRE N7
B, Cslf1 & IFZEMERRSE L OO FHEIEEEAM L CTr —a > g8 E D | Cs 23
AR LST < Rd B BND,

@ BWARNEREIEE, 748 ) SREICOEKIENE N, Cs fEBERITE N -T2,

EVEd

@O CaCl, DIFINZ LY | R TOIEMITI UV THIE Cs OFEHEE N L, CaCl, B HURE Cs
2R L CHOEBIRERN R 2 /T 5 2 EBRGES N, BHEICB O TH R WEBEN S S,
TRRE AT D3RG H R ENC RS U 72 B Cs 1ot L CH AR BfEsfi T v | it
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Al & O A RE T o 7= 2 L 2D EEEAI O L L CIEERA AN ATEETH 2
ZEDIRENT,

® AZT7hH0 Cs T, 19 53l (MU HRE) Tl 6.9~43.6%. 46 i Ok
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