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The Japan Atomic Energy Research Institute (JAERI) decided to adopt an advanced volume reduction program for low-level
radioactive wastes. In this program, inorganic wastes are converted to stable glassy products suitable for disposal by a plasma
melting system in the Waste Volume Reduction Facilities (WVRF). High melting point wastes such as refractories are excluded
from the plasma melting treatment in the WVRF, and wastes difficult to handle such as asbestos are also excluded. However, it is
desirable to apply the plasma melting treatment to these wastes for stabilization and volume reduction from the viewpoint of
disposal.

In this paper, plasma melting test of crucibles, ceramic filter elements, asbestos, and simulated fly ashes were carried out as
a part of technical support for WVRF. The plasma melting treatment was applicable for crucibles and asbestos because
homogeneous and glassy products were obtained by controlling of waste and loading condition. It was found that SiC in ceramic
filter elements was volatile with a plasma torch with inert gas, and adding reducer was ineffective against stabilizing volatile metals

AT

such as Zn, Ph in a solidified product in the melting test of simulated fly ash.
Keywords : miscellaneous solid waste, plasma melting, crucibles, ceramic filter element, asbestos, fly ash
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Fig.1 Schematic diagram of melting system
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Fig.2 Schematic diagram of melting furnace
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Table 1 Chemical composition of simulated wastes

Simulated Wastes

Chemical Composition (wt%)

Si Al Ca Mg Na K Fe Ti Zn Cr Pb C  Others?
Concrete 1 278 31 76 06 1.2 15 1.6 - - - - 11 55.5
Concrete 2 283 47 105 05 19 06 20 - - - - 0.9 50.7
Alumina Crucible - 52.9 - - - - - - - - - - 47.1
Magnesia Spinel Crucible 0.6 317 0.2 225 0.4 0.2 0.1 - - - - 0.1 442
Ceramic Filter Element 55.1 46 - - 0.1 - - - - - - 19.4 20.7
Asbestos 158 15 03 173 03 - 1.4 - - 0.1 - 12.3 50.1
Fly Ash 93 53 71 60 43 - 70 61 80 - 9.3 - 37.4

(1) Others are O and H.
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Table 2 Test condition for melting tests
. . Weight of Addition Radioactivity Heating
Run No. Weight of Simulated Wastes (g) © (MBq) Time
Concrete Others C FeO  %co ¥cs B%Ey  (min)
CN-0 3000 - - - - - 0.3 44
AC-1 2400 Alumina Crucible [600] - - - - 0.3 45
AC-2 2400 Alumina Crucible [600] - - - - - 34
AC-3 2400 Alumina Crucible [600] - - - - 0.3 40
MC-1 2100 Magnesia Spinel Crucible [900] - - - - 0.3 45
MC-2 2100 Magnesia Spinel Crucible [900] - - - - 0.3 42
CF-1 2100 Ceramic Filter [900] - - - - - 45
CF-2 2100 Ceramic Filter [900] - - - - - 50
AS-1 - Asbestos [4500] - - - - - 39
AS-2 2100 Asbestos [1300] - - - - - 35
FA-1 2100 Fly Ash [900], SUS [240] - - 0.3 03 03 42
FA-2 2100 Fly Ash [900], SUS [1370] - - 0.3 0.3 0.3 38
FA-3 2100 Fly Ash [900], SUS [360] - 830 0.3 0.3 0.3 50
FA-4 2100 Fly Ash [900], SUS [1540] 90 - 0.3 0.3 0.3 49

rucible or Ceramic filter element

oncrete

-

(a) AC-1,MC-1,CF-1

Concrete
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Fig.3 Loading condition for melting tests of crucible

and ceramic filter element

=y MWL BEMERME LT, 77 A~ NEERN S
NAME (RPN DEFEME LITET I v 7 711
4 % B (10 —50em®) T4 L 72 (Fig.3(a)). ABRE &
AC-2, AC-3, MC-2, CF-2(%, 22> 7 U — NAMAZ 7z
LORBEMEBNE LT, BES 7 A~vBnRBEsnzn
MEIWZDDIEM L LIEE T I v 7 74V EM &R L
7-. #RBR%K S AC-2, MC-2, CF-21%, 5-21FMb LTk
T3 w7 7 4V Z K A LY(10—50em®) THERT L (Fig.3(b)),
RERE S AC-31E, 2 DIFM 2RI 10mm LU RIS #E L T
HERF LTZ(Fig.3(c)). 7 AR MMTOWTIE, RBRE S AS-2
ETARR "M a7 J— ke & bITT o7 LR
L7z, BEHIFRIRIZ DWW I, FRELDS 1k D 7= O BBz FE IR K
LEIM A& 2T > L A{E(SUS304 B I AN T 7 U —
FEEBICERLE. WThoRRICBNThbar 7 U —
M ZBLIR(20—60cm®) D & D % AV 7=, HERRRIED T E %
Fig.4 12/~

o\

(a) AC-1

(c) CF-1

e
Stainless steel
container

Stainless steel
) container
.

N\

(e) FA-2

Fig.4 Loading condition

95



JRFF18y 7 = RE5E

24 BFEECAEORESE

BTV 2T 5 0IE (ALOs100Wt%) PN I R IEY 5 L O
TN EER L CT T X~ B 21T o7, 77 A~EE
A%, FBAD 340X Ar(50lmin) & VS, Dk, B
D U Np(50I/min) 2R 2 1280V & 2 7=, RO HIAEI
Tl otz. 7F X< 771 50kwW(100V, 500A) & L,
BN ST OFERIEIE DY 1600°CREFEICFE L7 b IR 25 1
5T & & LTy, B SARY) — 72356 0BG X S Wi
L7=35a0E, WEEl Lz, NEWERIL 30—50 4 <Th
Stz B TH, BT, 23R GN CTHRGHRISE
7o A%, oI R L ERIEILRO G ERAZRIE L,
DOIEREM T LR E LA G L < BRIC X DRk
ROBBRET o, Bt 27200 E 2 FE L
7.

25 {EZEa#

WRE R D A Z 7, @B OV TR T 2
1T o 7o, FBHR B E OERS & Fig.5 1IZRrT. 2 Z VT,
Mg BER, AFGRER, 2D 109 FRE OB A 1R
SMEERELL, ¥fett, #9029 ZoHricf L7z, BEHRIK O
RGBS W CRERE LR D X Z 7 gz &gk
RONTTow, i, BRI L0 &Rk 2 B Rz,
iz, @B, e b, R RS 1A D R
XV UIHK A 29 FREEERIR L, #9029 ZoMricit Lz, &
Br I ROV TIE TIIS G 1211, AREAHE Siizon\WT
% NS G 1212) (CHELT=. ZDOMDOITLFIRIC OV TITEERSY
B L O ey V) U LEMESRE, FHE T T X< RL
N HTHERE (R —F /L= —Kl, Optima 3000)% VT
BT IRIE & E R L7z,

26 WERESHT
G =SB RIRIHEE ¢ o T )2 LT,
VELT=IRRE IR D 2 T 718, 4R8O S REHT 217 -

March 2004
(O:Sampling Point
Slag layer O O
O

\_ /

Fig.5 Sampling points of solidified products
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Table 3 Weight of solidified products

)]
Initial Final e
EL:)” Simulated waste [Crucible Total | Slag layer Metal layer Total V?B‘?g;m
" [Non-metal Metal| (A) (B) |(D-(A+C)) (C) (D)

CN-0 2946 - 18500 21446 2760 - 21260 186
AC-1 3047 - 19100 22147 2900 - 22000 147
AC-2 | 3004 - | 18500 21504 2800 - 21300 204
AC-3| 3000 - | 18200 21200 2800 - 21000 200
MC-1| 3005 - | 19400 22405 2900 - 22300 105
MC-2 3006 - 19800 22806 2900 - 22700 106
CF-1 3002 - 19900 22902 2100 - 22000 902
CF-2 2991 - 18700 21691 2700 - 21400 291
AS-1| 4497 - | 19100 23597 3000 - 22100 1497
AS-2 | 3452 - | 18100 21552 2900 - 21000 552
FA-1 3003 242 | 19900 23145 2738 162 22800 345
FA-2 3010 1372]| 19500 23882 2850 1250 23600 282
FA-3 3835 362 | 19800 23997 3720 180 23700 297
FA-4 3001 1536| 19700 24237 2610 1490 23800 437

Total(D): Solidified Product and Crucible
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Table 4 Chemical components in solidified products (slag)
Run Chemical Components (wt%)
No. Sio, Al,O4 Cao MgO FeO Cr,05 TiO, Zn0O PbO
Est. Mea. Est. Mea. Est. Mea. Est. Mea. Est. Mea. Est. Mea. Est. Mea. Est. Mea. Est. Mea.
CN-0 718 68.9 71 100 128 123 12 11 28 24 - - - - - - - -
AC-1 569 533 258 284 101 99 09 11 22 23 - - - - - - - -
AC-2 574 583 265 260 102 91 09 09 22 19 - - - - - - - -
AC-3 575 686 257 122 103 96 10 1.0 22 23 - - - - - - - -
MC-1 471 50.8 248 240 114 81 119 121 21 21 - - - - - - - -
MC-2 472 60.7 248 142 114 96 118 39 21 23 - - - - - - - -
CF-1 746 688 88 140 113 105 06 07 20 19 - - - - - - - -
CF2 746 712 88 111 114 97 06 08 20 16 - - - - - - - -
AS-1 496 439 42 102 0.7 08 421 385 26 08 02 01 - - - - - -
AS-2 60.1 56.8 76 84 102 81 17.0 14.0 28 25 01 01 - - - - - -
FA-1 53.0 51.7 9.9 124 145 112 38 4.0 49 64 - 1.7 32 38 32 07 32 09
FA-2 531 487 99 105 145 106 38 40 49 55 - 15 32 37 32 05 32 05
FA-3 415 339 78 89 113 67 30 29 256 335 - 07 25 26 25 14 25 09
FA-4 542 50.8 9.9 149 141 117 3.7 46 47 31 - 13 31 41 31 02 31 01
Est. : Estimated Value
Mea. : Measured Value
Table 5 Coefficient of variation in measured values for Table 6 Concentration of ***Eu in solidified products
chemical composition of solidified products (slag) (slag) and coefficients of variation
Run Chemical Components (%) Run No.  **Eu Concentration (Ba/g) Sgﬁ;‘;‘:ﬁ;ﬁn(t{;;;‘
No. Sio, Al,O4 CaO MgO FeO Meas. (Est.)
ONO 0T 102339 A1 1pes @y 80
AC-L 4.3 6.2 2.7 i 4.3 AC-3 138+11 (107) 8.0
AC-2 194 54.1 22.9 - 22.4 MC-1 99-+10 (103) 9.9
AC-3 12 7.5 7.0 - 5.8 MC-2 111+12 (103) 11.1
MC-1 0.5 0.6 1.6 0.3 - FA-1 122+ 6 (113) 4.9
MC-2 6.9 13.3 30.4 36.4 - FA-2 122+ 6 (110) 4.6
i s s S - N
CF-2 >1 4.0 130 . . Mea. : Measured Value
AS-1 1.6 .8 . 11 ) Est. : Estimated Value
AS-2 1.2 04 15 24 -
FA-1 0.4 15 19 1.0 0.9 ()it k¥
FA-2 0.9 0.9 2.0 3.4 0.9 TIRXZ P —FTHEHFICEMLTHRBDOD T I AV xy
FA3 160 1Ll 12 87 138 M &0 W 5 S IEGRBRE S AC-1, MC-1) LR 7
FA-4 5.7 25.5 7.2 26.6 17.8
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J& D TR DOEEREIT 4.0—13.0%Th v, IARELL 728055
WOWTHIZIEWETH D LB 26N 5. WREFEE L 5
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DIERMBOGFHERIY, EMATOSHFEREY & 5 DIXF
DOEFTERICHATH 300g BEOWADTHY, P 2%
WCBATLIZ® T 2 v 7 7 4 v ZFIE CR-1 I TAH RN
o7z

ARBRTIE, BT I v 7 T4 VA EETRD 72 R
L CHE R E LA EZ R YET 5 Z L3 TE RN o7z, &
TIvI T4 NEMOERS Th B RIS A F(SIC) DR
1513 2830°C (. -SiC) Tdh 573, 2200°CLA L THIENIEE S.
72, SIC ITERBEERE TRLSh, LR EREEY
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KB E S E T TOT 7 T 4 7 B4k (SIC[s]+0, =
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TSICEFEIEDLZ EREBEMTHEDITNE, BT Iy
I T ANEMET T A DS E RS S e WO E S R
LR EZMZ, BREAIZ ML CREgMIZ SiIC % Sio,
L CONAIRRT HZMEN DD EHZZBND. —FF, &
{LPEDEERYF CIIFEN OmBESIEEHIHT 2 L2k,
PEIR D BROIERLE LR % BUE U 72523 & 5 [14].
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T AN M RMERRBRGARE S AS-)Ear s
— MEETORBRGABRE 5 AS-2) & T~ 7-.

HERTE S AS-1 1%, BELTICRN DY, PET RREN
1000°Ci#E< £ TEF L=z, Ar & N, OB A% i
LN S T T X~ B 21T- 7. EmEbRIZ 2 Ho22m
Dotz iz, PETHSTNT AR MR EITE-
Tz, BRELE L 2 IE RO AFIERIL, BERlpTo
FERBESE) & D DITRZROAFHEEIC T 15009 360
LTWe. T, T ARRA MIEHE OGRS DIREE L
TCOHRELRY, PEHARIIBIT LIz LEX LN
% ALSERRRIE, ALO; A5 DREM S HEEM DK 2.4 {5 T
HY, DOFBEBOETIAARNKE Mot RBRE S AS-2
WZDWTIE, WY 2 <IN Cl Y, EREEX
W AETh -1z, AL HOWTIE, 3RO
TFIAAIZ X B LD AlLOs %57 OHEIM L S 7253
FER Y OEEMREIL 04—24% L /N E o7z, ZRbHD T
LInD, TARZ ML a7 ) — FRETFED 72 < Fh
SNHERAT TEBIEEINTNDEZEZDLND.

T ARZ N OERKSTIE SIO,, MgO, FeO%TH Y, Lk
IR T AR NMEMTH D7 VY XA NVORIE 1521°C
ThHHZ eNOT T X< EROM AR W &b i[15],
F7, TARR MG E T T X< ik U CRE L7 R
AR DEZFRRA CiA O HEDOFHE /2 £ H4THLI TV H[16]. L
2L, AR K 5 ISETCFFHK T C T DL N T AR
M BT T T X R L7285 A12E, CO T AZDN
T RV ZEROLWERIEIRIZ e D 2 LB bh o7,
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TR ERBRE S FA-4) &7 o 72, WTNOREBRICEB W T
WIEY QBB S TEBY, 27 7B(L)E&RBE(T)

Wi Tz, £z, 27 7 BHRICHMUNRERRIA RS
iz, A7 7RO, SRR E B FA-4 Z R\ T AlOs,
FeO, Cr,03 i OREMBHEEME L KE o7z, AlLO,
15 DIERBDEITIABZDI=, FeO, Cr,03 & AT L %
OEAbICE VML= EZONS. ET-, SEu BED
HEESWTRORBRICE W T LHEEM L Vom0 o
7o, T, SGREOEENEICBITAAEICLDIEEZ
bhb.

BIBEMEICOWTIE, RBES FA-L, -2 1%, A7 7ED
FER S OETRE N ZI TN 04—1.9%, 0.9—3.4% L /&
KHETHHLEEDbND. RBEES FA3, 41X, 277
J& O TRy DEBREL N E N ZE I 8.7—16.0%, 5.7—26.6%
ThHY, CORYETH-T=. ZhE, 77 X~ MEHE L
IRF D EVEE S D R R IR E 233 BR & 5 FA-1, -2 1% 1600—1800°C
FRETHST=D ’ﬁbﬁﬁﬁﬁﬂw34ﬁmmwnm%
1100—1500CREE TH 7= Z LD, IEFIA T 7 OREE N
B IR I N o T b %‘Z SY R

Zn, Pb OBATEEZ AL, RMELARORER &
KR AT Sy sk 72 Zn, Ph OFEfER % Table7 1Z7-7.
RERE S FA-LIZ31T 5 Zn, Pb DR 5 V@ O FRIT %
TN 22, 26%TH Y, &EETITITFRTT L SN2 d
S22 END SONRENPENT ARIIBITLI-EEZ BN

5. RBRE B FA-2 [2OW T, AT ZJEHd Zn, Ph D%
FRIITNTN16,15%ThH Y, EBEFICHLZNEN 3,
BNDERIFENE LN, T, HEBEEE FA-LITHAT
ERBVPRKEX W=D, BEE L AT JBOEMEFE M
L2 kY, ERBIZVIAENSCT S Rotelzd &
Bbhs., RBRES FA3 oW TIE, AT @D Zn,
Pb DFEFERIL, TNFN 59, 37%TH Y, 4RBRTHKLE
Mote. ZORRIZOWTIE, REBRES FA-l, -2 12X
THEHENE P T2 EEDbRB. £ 72,
PbO-Fe0; 5-Ca0-SiO, SRR A 7 7 HIZ I T PbO DR
JEIZ AT ZHO PbO EAROHEIMI EN EF325 &0
FHENH D Z LNB[AT], PbO BIZHTH AT VT EHEN
ORBRICHRTE NI ELEEL TS L EbNh
5. RBRES FA-4 IZHOWTIX, Zn, Pb OEFERIL, A
Z 7B CORBRIZERTE LKL, &BREE2 &0
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Table 7 Retention of Zn and Pb in solidified products
Retention of Zn (%) Retention of Pb (%)

Run
Sla Metal Sla Metal
No. Laygr Layer Total Laygr Layer Total
FA-1 22 - 22 26 - 26
FA-2 16 3 19 15 6 21
FA-3 59 1 60 37 1 38
FA-4 6 4 10 4 9 13

Table 8 Retention of ®*Co and **’Cs in solidified products

Retention of ®°Co (%)  Retention of **'Cs (%)
Slag  Metal Slag  Metal

No. Layer Layer Total Layer Layer Total
FA-1 64 21 85 70 - 70
FA-2 63 32 95 82 - 82
FA-3 74 24 98 84 - 84
FA-4 32 64 96 67 1 68

bD.

R OBITEB Z TR L2 BENE L, HREE
AR AR T 7EEZOBREZOEE L /NI THT
B 2Eu OHIEERZ 100% & LTk 7= Co, Y¥'Cs miETF
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LRBE L - B ZOND. RBRE S FA-4 (2250 T
X, PCo DBEAFEMN AT V@ CORBRIC TS,
WZEREBEYR ClIREDoT2. WIND—R Ak Vb
NOEB~DETHIGMEESNIZ-0 L Bbh b, —7,
BICs lcoW\ T, &BEHFIChTIMSIAEL TWER, Z
7 JTER ORARIE, RBRES FA-2 LT 5 L9 15%
DWPICLE EE-TEY, I —Rr D83 ©Co |2
LTI o T,

BEERIK X RO BRI L OHURMEME 2 &t =
LB, 7T RAERBICEB T, RID AR OFEIEIH] &
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