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The Nuclear Science Research Institute (NSRI) of the Japan Atomic Energy Agency (JAEA) started operation of the
Advanced Volume Reduction Facilities (AVWF) for production of waste packages for disposal of low-level radioactive
solid wastes (LLW). To clarify the operating conditions for homogenization of non-metallic LLW, preliminary tests were
carried out using the plasma melting furnace of the non-metal melting unit.

The fluidity of molten waste influences homogenization conditions of solidified products. It was clarified that the
viscosity, which is determined by the chemical composition and the melting temperature, influence the fluidity of molten
waste greatly through previous literature review and the small-scale melting tests. In the preliminary tests, the simulated
waste with a cold tracer loaded in 200 L drums were melted. Using the waste chemical components (basicity, iron oxide
concentration) as an experimental parameter, the homogeneity of the chemical components of the solidified product was
investigated and the homogenization conditions of melting tests were examined. The retention ratio of the tracer in the
molten bath was also confirmed. The viscosity of the molten wastes was measured and the correlation with homogeneity
was examined.

In addition, the technical requirements that should be concerned in advance for future actual operation were discussed.

Keywords: Plasma Melting, Homogenization, LLW, Volume Reduction, Solidified Product, Viscosity, Cold Tracer,
Basicity, Iron Oxide, Retention Ratio
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Table 1 Composition of the simulated wastes.

Test No. G33 G35 G36 G37 G38™ G39™
Basicity (CaO/SiO») of slag (-)"! 0.3 0.5 0.8 0.3 0.5 0.8
Iron oxide of slag (wt%)! 20 20 20 40 40 40
Simulated wastes (kg)
Concrete 960 810 763 799 673 541
Limestone 102 252 476 84 210 342
Carbon steel 138 138 161 317 317 317
Total weight 1200 1200 1400 1200 1200 1200
Tracers(kg)
Co304 2.7 2.6 29 29 2.8 2.8
Cs2COs 24 23 2.6 2.6 2.5 2.5
Number of 200L drum canister 6 6 7 6 6 6
*1 Target values.
*2 Total weight of 200L drum canisters and steel plates.
*3 Most of the molten slag could not be poured because of the trouble.
*4 The test was planned but not conducted because of the trouble.
Table 2 Weight of each solidified product.
Test No. G33 G35 G36 G37 G38™
S1 305 305 295 305 215
S2 305 310 300 315 -
Weight (kg) S3 310 305 300 300 -
S4 185 150 305 155 -
S5 - - 105 - -
Total 1105 1070 1305 1075 215
*1 Only the first pouring was done because of the trouble.
Table 3 Average temperature of molten wastes during the pouring process.
Test No. G33 G35 G36 G37 G38™
S1 1511 1526 1508 1548 1513
S2 1502 1554 1516 1562 -
Temperature (°C) S3 1480 1497 1517 1565 -
S4 1506 1549 1512 1530 -
S5 - - 1531 - -

*1 Only the first pouring was done because of the trouble.
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Table 4 Analysis data of slag samples of solidified products (G33).

Main components in slag (wt%o)

Sampling points"! ALO, Fo0,
S1-2 11.1 10.8 153 149 162 159 54.8 532
S1-6 10.9 109 15.0 15.0 159 16.0 543 543
S1-7 11.0 11.0 15.1 153 16.1 163 54.0 54.1
S1-12 11.0 109 15.1 15.0 16.0 16.0 537 537
S2-2 11.0 109 149 152 172 17.3 534 52.5
S2-6 11.1 11.0 14.9 14.9 172 17.2 53.5 52.8
S2-7 11.1 11.1 149 14.8 174 17.3 534 52.9
S2-12 112 112 15.0 15.0 173 17.3 534 53.1
S3-2 12.1 12.1 143 143 19.0 19.0 51.1 51.1
S3-6 122 12.1 143 143 189 189 51.1 51.0
S3-7 119 119 139 139 189 189 51.1 509
S3-12 122 11.9 142 14.0 189 18.7 519 50.7
S4-1 134 13.5 132 133 21.5 21.6 492 49.0
S4-2 12.7 12.7 13.6 13.8 20.2 204 492 49.0
S4-6 134 13.5 132 132 21.5 214 475 47.6
S4-7 134 133 132 13.1 21.5 21.5 477 473
Average
Standard deviation 0.9 0.7 1.9 2.5
Variation of coefficient (%) 8.0 5.2 10.5 4.7

*1 S: a sample cut from a solidified product. A branch number means a sampling point of a solidified product according
to Figure A5 of Appendix II.
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Table 5 Analysis data of slag samples of solidified products (G35).

Main components in slag (wt%o)

Sampling points ' R Fo0s
S1-2 10.5 10.5 19.6 19.8 19.1 19.1 45.6 45.8
S1-6 10.6 10.8 19.8 20.5 19.3 19.6 45.8 46.5
S1-7 10.6 10.7 19.8 19.9 19.2 193 45.8 45.8
S1-12 10.7 10.8 20.0 20.3 194 19.6 46.3 46.7
S2-2 11.0 11.1 19.3 19.8 19.7 20.0 449 453
S2-6 10.8 11.0 19.5 20.2 19.8 20.2 45.6 46.2
S2-7 10.8 11.0 194 19.9 19.8 20.2 454 46.5
S2-12 10.8 11.1 193 19.9 19.7 20.2 45.1 46.2
S3-2 11.6 12.1 19.0 19.8 20.9 21.5 4.1 459
S3-6 11.7 11.6 189 19.1 20.7 20.8 443 440
S3-7 11.7 12.1 18.8 19.9 20.7 214 44.1 457
S3-12 11.6 115 19.0 194 20.6 20.8 439 43.1
S4-1 133 13.8 17.9 18.5 235 24.1 41.6 429
S4-2 123 12.8 17.6 183 232 24.0 41.6 427
S4-3 124 12.7 17.8 183 234 237 41.5 422
S4-4 12.6 12.7 17.9 18.1 232 233 42.1 422
S4-5 129 13.1 179 183 235 23.8 42.1 426
Average
Standard deviation

Variation of coefficient (%)

*1 S: a sample cut from a solidified product. A branch number means a sampling point of a solidified product according
to Figure A5 of Appendix I1.
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Table 6 Analysis data of slag samples of solidified products (G36).

Main components in slag (wt%)

Sampling points! -
AlLO; CaO Fe)O3 SiO
S1-2 9.9 9.9 24.1 242 251 25.0 36.5 36.2
S1-6 9.9 10.0 244 24.5 234 235 36.5 36.5
S1-7 9.8 9.9 23.7 24.5 254 259 353 35.6
S1-12 104 104 24.5 243 234 234 373 37.0
S2-2 104 10.6 24.6 25.1 237 240 375 38.1
S2-6 10.2 99 243 24.5 233 23.0 364 35.0
S2-7 10.5 10.7 247 252 23.1 234 372 37.6
S2-12 10.5 10.5 247 255 22.1 224 371 369
S3-2 10.5 10.6 239 244 24.1 244 363 36.6
S3-6 10.3 10.3 242 24.0 23.6 23.5 36.5 36.0
S3-7 10.5 10.6 24.6 25.1 232 23.5 371 373
S3-12 104 10.5 24.0 243 247 24.8 36.1 36.0
S4-2 11.6 113 24.7 244 224 219 37.8 36.5
S4-6 112 11.1 23.7 24.1 244 24.5 358 353
S4-7 11.1 11.6 234 24.6 24.0 249 353 36.6
S4-12 112 112 235 234 239 23.7 35.6 354
S5-1 143 13.0 212 220 25.7 263 33.0 325
S5-2 132 13.8 21.6 224 24.8 254 33.1 33.8
S5-3 133 135 20.8 209 264 26.5 322 322
S54 14.0 139 21.5 21.6 26.1 26.0 333 329
S5-5 14.1 135 209 21.1 25.1 25.0 329 312
Average 11.3 23.6 24.3 354
Standard deviation 14 1.3 1.2 1.6
Variation of coefficient (%) 12.6 5.8 5.0 4.6

*1 S: a sample cut from a solidified product. A branch number means a sampling point of a solidified product according
to Figure A5 of Appendix II.
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Table 7 Analysis data of slag samples of solidified products (G37).

Main components in slag (wt%o)

Sampling points ! A0 Fo0,
S1-2 10.6 10.7 14.8 152 30.7 312 40.8 40.6
S1-6 92 94 12.7 129 34.0 343 40.3 40.6
S1-7 9.7 9.6 133 134 312 312 424 419
S1-12 9.9 9.8 130 133 327 330 4Ll 403
S2-2 10.0 10.5 13.1 13.8 31.6 329 413 42.8
S2-6 104 10.1 13.6 134 30.6 30.2 42.8 41.7
S2-7 10.1 9.9 13.1 13.0 331 32.8 413 40.3
S2-12 10.0 10.0 13.0 12.8 335 333 40.6 40.6
S3-2 10.9 11.0 133 13.6 313 31.8 413 413
S3-6 11.0 11.1 13.7 14.0 30.6 31.1 43.0 432
S3-7 10.6 104 13.0 133 334 33.8 40.6 39.7
S3-12 10.5 10.7 129 13.5 33.0 33.8 40.2 40.6
S4-1 12.5 12.5 13.0 134 31.6 322 38.8 385
S4-2 12.0 12.1 119 123 35.7 36.7 35.6 359
S4-3 11.8 11.8 11.7 119 369 373 35.1 349
S4-4 12.7 122 129 13.0 331 33.0 39.0 39.0
S4-5 11.1 115 11.1 11.5 39.0 40.1 335 344
Average
Standard deviation

Variation of coefficient (%)

*1 S: a sample cut from a solidified product. A branch number means a sampling point of a solidified product according
to Figure A5 of Appendix I1.
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Table 8 Average values of chemical components in solidified products
(G33, G35, G36, G37).

Main components in slag (wt%)

Test No. Solidified products -

AlLO;3 CaO FexO3 SiO,

S1 11.0 15.1 16.1 54.0

S2 11.1 149 17.3 53.1

G33 S3 12.1 14.1 189 51.1
S4 13.2 13.3 212 438.0

Variation of coefficient (%)" 8.0 52 10.5 47

S1 10.7 19.9 19.3 46.0

S2 10.9 19.7 20.0 45.6

G35 S3 1.7 19.2 20.9 444
S4 12.9 18.1 23.6 422

Variation of coefficient (%)" 8.1 42 8.2 38

S1 10.0 243 244 36.1

S2 104 24.8 23.1 36.5

S3 10.5 243 24.0 362
G36 S4 113 24.0 23.7 359
S5 13.7 214 25.7 327

Variation of coefficient (%) 12.6 5.8 5.0 4.6
S1 99 13.6 323 41.0
S2 10.1 132 322 414

G37 S3 10.8 134 324 412
S4 12.0 123 356 36.5

Variation of coefficient (%) 8.8 6.4 72 6.5

* The variation of coefficient for each test is calculated from the values at all sampling points (see Tables 4-7).
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Table 9 Target values and measured values in chemical components (Basicity and Iron oxide) of solidified products
(G33,G35,G36,G37).

TestNo. Basicity (CaO/SiO») of slag (-) Iron oxide of slag (wt%)
Target values Measured values Target values Measured values
G33 03 0.28 20 18.5
G35 0.5 043 20 21.2
G36 0.8 0.66 20 243
G37 03 0.32 40 333
Table 10 Chemical components in the molten bath samples (G33).
Molten bath samples Main components in slag (wt%)
(min.)"! ALOs CaO Fe,0; SiO,
MI1(Q2) 103 10.2 14.8 14.8 13.5 13.5 58.7 58.1
M2(33) 9.7 9.8 12.0 12.0 12.0 12.0 63.8 63.5
M3(63) 10.7 10.5 149 14.5 149 14.7 56.8 559
M4(95) 10.8 10.8 14.8 14.8 15.5 15.5 56.4 56.5
Average 10.3 14.1 13.9 58.7
Standard deviation 04 1.3 14 32
Variation of coefficient (%) 42 9.1 102 54

*1 M:sample taken from the molten bath. Numbers in parenthesis are elapsed time (minutes) after complete melting.
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Table 11 Chemical components in the molten bath samples (G35).

Molten bath samples Main components in slag (wt%)
(min.)"! ALO; CaO Fe,0; SiO,
M1(9) 10.0 10.0 194 19.2 17.5 175 48.7 484
M2(39) 10.2 102 20.5 20.7 185 18.5 47.0 46.9
M3(70) 10.1 103 20.0 20.2 185 18.7 459 464
MA4(100) 10.5 104 19.7 19.9 19.1 19.0 46.2 45.8
Average 102 199 184 46.9
Standard deviation 0.2 0.5 0.6 1.1
Variation of coefficient (%) 1.7 2.6 33 24

*1 M:sample taken from the molten bath. Numbers in parenthesis are elapsed time (minutes) after complete melting.

Table 12 Chemical components in the molten bath samples (G36).

Molten bath samples Main components in slag (wt%)
(min.)"! ALOs CaO Fe,Os SiO,
M1(4) 8.1 8.2 255 25.6 23.0 229 36.7 36.7
M2(34) 9.0 9.2 25.1 255 233 234 36.8 372
M3(63) 9.6 9.5 24.8 249 235 23.6 36.7 369
M4(95) 9.8 9.6 245 242 23.5 23.1 36.2 355
Average 9.1 25.0 233 36.6
Standard deviation 0.6 0.5 0.2 0.5
Variation of coefficient (%) 7.1 2.0 1.1 1.4

*1 M:sample taken from the molten bath. Numbers in parenthesis are elapsed time (minutes) after complete melting.
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Table 13 Chemical components in the molten bath samples (G37).

Molten bath samples Main components in slag (wt%)
(min.)"! ALO; CaO Fe,0; SiO,
MI(3) 8.7 9.0 134 13.9 28.9 29.7 46.5 472
M2(33) 9.2 89 12.7 12.8 289 28.8 46.7 454
M3(63) 94 9.1 134 134 312 30.8 42.5 41.0
M4(98) 9.9 9.7 133 13.1 317 313 424 41.5
Average 93 133 30.2 44.1
Standard deviation 04 04 1.2 2.6
Variation of coefficient (%) 44 2.8 4.1 5.8

*1 M:sample taken from the molten bath. Numbers in parenthesis are elapsed time (minutes) after complete melting,

Table 14 Type of iron oxide in slag samples (wt%).

Samples Total Fe Fe oxides Metal Fe
FeO Fe,Os

G33-2-6 11.8 13 152 0.10

G35-2-6 144 34 16.7 0.11

G36-3-6 17.8 64 18.1 0.13

G37-2-6 215 8.5 21.1 0.13
G37-2-6(BM)™! 21.8 5.6 25.0 0.02
G37-2-6(SM)™! 223 10.0 192 1.10

*1 BM: a slag sample was grinded by the AbOj3 ball mill. SM: a slag sample was grinded by the stainless steel

ball mill.
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Table 15 Tracer concentrations in the molten bath samples.

Tracer concentrations in slag (ppm)

Molten beth G33 G35 G36 G37 G38
samples!
Co Cs Co Cs Co Cs Co Cs Co Cs
Ml 1200 500 1300 530 1600 660 1200 550 1600 690
M2 1000 380 1400 440 1600 650 1100 570 1700 470
M3 1200 410 1400 580 1600 630 1200 520 1600 710
M4 1200 440 1400 450 1600 600 1200 430 1700 520

Molten bath™ 1783 1782 1783 1784 1642 1641 2008 2004 1876 1867

*1 M:a sample taken from the molten bath.*2 Estimated concentration when all tracers remain in the molten bath.

Table 16 Retention rates of tracers in the molten bath samples.

Retention rates of tracers in slag 2 (%)

Molten bath
. G33 G35 G36 G37 G38
samples!
Co Cs Co Cs Co Cs Co Cs Co Cs
M 673 28.1 729 29.7 974 40.2 59.8 27.5 853 37.0
(100) (41.8) (100) (40.7) (100) (41.3) (100) (46.0) (100) (43.4)
D 56.1 213 78.5 247 974 39.6 54.8 285 90.6 252
(100) (38.0) (100) (31.5) (100) (40.7) (100) (52.0) (100) (27.8)
M3 673 23.0 78.5 325 974 384 59.8 26.0 853 38.0
(100) (34.2) (100) (414) (100) (394) (100) (43.5) (100) (44.5)
Ma 673 247 78.5 252 974 36.6 59.8 21.5 90.6 27.8

(100) (367) (100) (32.1) (100) (37.6) (100) (36.0) (100) (30.7)

*1 M: a sample taken from the molten bath. *2 Numbers in parentheses indicate retention of cesium assuming that

retention of cobalt is 100%.

,26,



JAEA-Technology 2022-016

Table 17 Plasma heating time.

Test No. G33 G35 G36 G37 G38
Plasma heating time (h:min)"' 6:22 5:14 5:50 4:36 4:24
Temperature holding time (h:min)* 1:35 1:40 1:35 1:38 1:32
Plasma flame injection time (h:min)" 8:13 7:05 7:34 6:54 6:05

*1 Integration time from the start of plasma heating to the completion of melting.
*2 Integration time from the completion of melting to the start of pouring processes.
*3 Integration time from the start of plasma heating to the completion of pouring processes.

Table 18 Chemical components in IE-95 and Iron-enrichment Basalt (IEB) samples.

) Basicity(-)
Main components (wt%) i
Samples (Ca0/Si0y)
ALOs CaO FeO,"! SiO; NaO  MgO KO
IE-95 15-18 1-6 4 66-69 2-9 1-3 1-2 -
Nominal IEB 12 7 17.5 52 3 3 2 0.13
A-40 10.3 9.7 19.6 51.0 32 35 2.6 0.19

*1 Iron Oxide of IE-95 and Nominal IEB was written as “Fe;Os+FeO”, and that of A-40 was written as “Fe;O4” in the
original paper.
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Figure 1 Relationship between basicity and viscosity of molten slag at 1300 °C (ALLO3 Swt%)
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Figure 2 Temperature dependence of molten AL O3-CaO-Fe;Os-SiO; slag viscosity due to differences in slag basicity.
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Figure 3 Temperature dependence of molten Al,O3-CaO-Fe,O3-SiO: slag viscosity due to differences in slag iron oxide

concentration.
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Figure 4 Schematic diagram of the plasma melter.
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Figure 7 Molten bath temperature at just before the first pouring of Test G37.
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L | 1 unit: mm

Figure 9 Outline drawing of a slag and metal sampling tube for melting furnace of OWTF.
[Cited from Ref. 47]
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Figure 10 Temperature dependence of viscosity of slag taken from solidified products due to differences in slag basicity.
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Figure 11 Temperature dependence of viscosity of slag taken from solidified products due to differences in slag iron

oxide concentration.
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Figure 12 Viscosity of slag and variation of coefficient of slag iron oxide concentration.
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THEEOREREEBHC BRI 2 N2 T — R 75—t 5 2 & T 27 ZHlEROBRERHD 75
A — REAEEIMERFIEETH Y . AT 7 FHERGOMMT (%A —42—) THIUIH072 T2 6T 5,
Q) LR

SINTREEEL ppm A—4—, FRENARE, FIREORIBHRIEERA T 5, WGAEHIERE TAE L
Do
(@) ICP F&Seo e orkE

SBTHEEEIE ppb 735 ppm A—4—, FRERAME, APRSEORIEMME A TS5, WIS A T
BELD D, (D REDT—T 4 VT ¢ OIHEIFL L,

P EOFEREBE L, TERBRIZEIT 2 —F L iciBnTd, Q) X SoirsE (Retes) %
A+ &L,

AS. REOFHEY
(DEEHERIO/ERY

IR T I T X BRTIEE VD28, 2T 7 OFEIAREREEN I, 2 2 C, M TEIE AL
tta AT A CRERE ST S A O E % IV T A T Z R 2 EL L 7=, Table A3 12V
TAEREYE g™ AD, 728, TEGSRR CARSND AT 7 Cld, BHMEEREEEDERK 30%FREEZ /2 D & T4H
INT=DT, BEERZINZ TAEUEE HIERL L7,

PRV 2l (LibB4O7) T 10 f5ARL, B — o 7'7 (REREKY: TK4100) CTF 7 A — RERE
L7z (Figure A6) ., HEHEWIE DT A — RE T, AT V0T EAT 5 RO X footrdE (5
4t LAB Center XRF-1800) DRE#RA1ERL L7=,

Q)A 7 7B/

AT NEENDCFSIDH B, a7 ) — hOEERSTHDH ALOs, Ca0, SiOs, NaO, MgO N
\ZBEEREEAT BT DMEOBRAUIZ L > THET D FeOs ZotiktGil 775, BUIRA MR U CERER L 7=30H .
AT VARDEGEA S T IV T L, 5DUVNSE ST 100mesh LA FIZk LTz, B — RYERMEfRD
Te DI AR AR LT, E37, BB ERUAICERE L, 100°C MHH CHIE S, 1025°C IR L 726
| RFERREECRRF 5, 20k, Han L T105°C £ TREZL FRESE 5, 105°C 12727z DB awae T > 7
— 2B UEX TRIFT Do Rl LT AT B 2@ L IRG S, E— R 77 =T/ I A — Raik
LT,

LU, FARENC AT 7 D7 T A — REERLL T 9 BIT, B TRAR- DA T 71280,
BEREIC X > T L7 USA| S IRA CE WL OB o7, T 2T, IEGHEARR L, A7 7
\ZE DMK, FEiK D OBBERE 28 S5 2 &L TAT ZOREEER< X 912 Uiz, stk
ZRERSFICERE L, 480°C & TiL 60°C M, 800°C F TId 100°C /M & L. 800°C & THIEER 5 /ofifrFr
L. B5 LT 105°C £ T FBESETT o7 —XIIB LB TRIE LTz, ZORE, A7 7O
NnN7gl 7potz,
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A6. {EFERG 5T

TEGABRIZINL > T T3k (G28) 1T8WT A2, BUIRE AR LA R T 2 530 L T-, 3Rss
:% Table A4 |2, VERLL7-[EULAARDT—H % Table A5 (0”9, SUWEL7-IARELIROFC, Yo7 Y 7
T OIENT K DY) MEDZEZ MRS D720l 2% H & 4 FHOEUETIZ 1S &Eir (1—15) 226, 13
HOBEUAETIZTEZE4 &I Q. 6. 7. 12) oY F V7 LT Uiz, ¥—bOFRE 2 Hlrd A5k
& LT, 7N IREE OB FRHEERA 28 Lo, 372bb, ZEfrEny N sidhn
(FNENTE, BPRIRLF &R S D, MORRIEREROMWE SA90%SEIZ LT, FE PR OIRE
DI 10% K 0 /NS RHEA-S3 725540 R DURRlE kAR Cdh 5 & LTz, Table A6 (YL
JSIIREE DI & SERE M OB A 7~

ETOEIARERZIBN T, WINOTEYLPRIREOEERE D 37%L FThHEMN D, FIEin
FHEFHEOROELATH D Z L 2R LTZ, 72, 2% H L 4 BHOBUATY 7Y o JiEiFTE 15
AT & 4 BT COEEFREAE IR L= & 2 A, 2 FHOBULKR CTEFEL o2 b DD, KT 71%TH
STEZ EDE, B TE LD EHHARD K E JITHW T, 4 EFTOH 7Y v 7 CH—EOfRIE L 720
55 & LTz,

FEUARD FeO3 IEZ WL THD & G EB 5 Z &I FHIIMER 2 FF> T e, TERlFICRAS
iz BT MMEHIABATIFINSDO TR L BB L W AEEEBIE S, BT MEORGH BB L
TWDENET T A~ 7 L— AOEERHIZ L > TRERB SN, ZORDOAT » 7L LTRT LGN
FHIEHRFNC X > TR S -, EIT R T AEORGIED > COTEEIE, 2 ORI B IROEZ
Ko TR SN LB 2 DND, FRI R T AMEOSKMIBE LT, s SD & A I ZITRENAE T 57
DIZ, 5D FeOs IR TR S T ORADIERR S LTz & b b,

EU AR D BT O PR IR O K OB A Table A7 (T, EEAL PR IRE OZEBR
X T%L T THS Z Enb, RPN BWTHICE AL CE 2R Ch D Z L 2MER LTz,

A7. FEDOROEHDTIE

FRRERERI 23T BRI R R P I REFREE O CH 0 . FUARFEE B T
7=

Fio, S%AT VO, BB, AANEE (REREL) 237 A—# & U CRRIGR & 5206 L.
— Ny FITBIT DIRRFROY V25l 5 2 & T, IWRMP OB ESES A7 E T 5,

S5 3k

Al) ENETFERRIEE NEREBARE AITIERT « HER AT E T — 2~ — A,
https:/gbank.gsj.jp/geostandards/ (Z:/# : 2022 422 H 14 R).

A2) BlRFRN, JAZEC, FRIEAT, fit SRR OB M ONERREEIC OV TT , JAEA-
Technology 2007-038, 189p. (2007), https://doi.org/10.11484/jaca-technology-2007-038 (= : 2022 422 A 14 H)

A3) Nakamura, H., and Fujiki, K., : “Melting tests for recycling slightly radioactive metallic wastes arising from
decommissioning” , Nucl. Technol., Vol.117, pp.195-205 (1997).

ANYPHEEAT, TPEEREE, SRR ¢ “SOL BUROHEEIAFE I SRIE LIROMERE & BESRE /AR DY) —IERE
", AARFIIFEFSGE, Vol.3(3), pp.279-287(2004), https://doi.org/10.3327/taesj2002.3.279 (S : 2022
2 H 14 A).
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AS) /INIEGE, FEFVR, BREESC fih:” @EGERE ST X 2 REARY BRI AE) , JRF /)
Ny 7 T RIFSE, Vol4Q2), pp.21-30 (1998), https://doi.org/10.3327/inuce.4.21 (Z:Ff: : 2022 452 A 14 H).
A6) RNNEL:, JESZFNES, ZHER © IR~V EHEENRBER) D 7T X~ TR O s =0
2 FRAEWEAROPERIZ -2 D BESEHRR DR, BRFmmGe A, Vol.119(3), pp.357-364 (1999).
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(RE2 MNP S

Table A1 Preliminary test conditions for homogenization.

2T JHHE (CaO/SiO,) 03—0.8

AT VAVBRIREE (Wt%) 20—30

BRMRRARERETT () 0.0-1.5
FRNREE (°C) 1500°C Hiff%

*1 SEEtaRl AR LT DIRTREE 2 PRFy 9 2 Il

Table A2 Comparison of analysis methods for chemical component of slag.

e B ST BiES a2k
B Tt ok EN A KR A%
HE XAt (FP) O — — — — Al 2 =
HOEX H () — O O O — B 2 &
JFR — O O — O & 5 &
ICP-AES — O O — O & 5 =
*] ST D &5 ISR 2 L RGE
2 FRERMERU T A TVD EARGE
Table A3 Standard samples made by the slag bead sampler for XRF analysis.
SRt R . o=y *(Wt%) *
6] Si0, CaO0  ALO;  T-FeOs? NaO MgO  Igloss?
BERR— A b1 0.004 724 003 8750 1.40 003  0.02 0.35
PR (Sy-1) 0004 6002 025 2317 0.08 1074 002
Hht 0036 4610 166  37.00 0.65 084 029 12.60
e (UB-2) 0.184 5325 982 1464 14.25 204 462
IZAT A (JGb-2) 0303 4647 1410 2348 6.69 0.92 6.18
APEE (H-1) 0312 4818 1502  5.66 10.27 071 1673
EEE A R 2195 2566 5633 894 2.08 024 305
ZilE+Fe0;” 0.184 2661 491 732 57.15 1.02 231
XA VE+Fe057 0303 3324 1009 16.80 33.25 066 442
#4030 E+Fe05 7 0312 3010 938 3.54 4394 044 1045

*] B EAKITA T FeyO3 & LTI
*2 Ig. loss : TR &
*3 FEHEAEL & Fe O3 #—EHIG TIRE LTI 7 A — ML
(L Fe0s=1:1, 1ZAIN VEFe0;=73, fAfaFe0;=32)
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Table A4 Test conditions (G28).

ME ar7 J—h 1422kg
Byt 140kg
g (N7 L) 229kg
R AENIRE R i (ke RZ AMEASL
a7 U—r  BA RZ AE?
177 — 23
— 40 15 2
— 60 15 1
REEFERAE TR AR

(7 V—1)

AT TYRHEFEE  (Ca0/Si0y)

AT T YR VBRI 20 wt%

* REEH L7 N *2200L & 1001 A5

Table A5 Solidified products (G28) data.

JFNFRHSIRE (°C) ™ 1450 — 1550
hhEE ke 1650
[ AR5 1 2 3 4 5 6
EfkiAER (kg 360 295 300 305 305 85

*1YRTRIGE TIRE B HG £ COTRENE.
*2 G TN, 803 B AR T A5
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Table A6 Analysis data of slag samples of solidified products (G28) (1/2).

AT THEERSY (Wit%)

BV ,
ALOs CaO Fe)O3 SiO; NaO MgO
B 1-2 114 135 15.7 49.6 1.7 1.1
B 1-6 11.8 13.6 159 514 1.7 12
B 1-7 12.0 135 162 527 1.7 12
B 1-12 122 136 162 53.6 1.6 12
A 1ave 11.9 13.6 16.0 51.8 1.7 12
TEYEIE (%) 25 0.7 13 29 0.0 0.0
A 2-1 11.8 138 162 516 1.7 1.1
B A 2-2 124 139 16.6 53.8 1.6 12
B AR 2-3 12.0 13.9 164 51.7 1.7 12
B A 24 115 13.5 159 49.1 1.6 1.1
LA 2-5 12.1 13.7 163 515 1.7 12
A4 2-6 11.7 11.9 145 584 1.6 1.1
B 2-7 123 138 16.4 52.1 1.7 12
[ A4 2-8 125 14.0 16.5 534 1.7 12
B KA 2-9 123 13.7 163 523 1.7 12
B kA4 2-10 12.5 13.9 16.7 53.0 1.7 12
B A 2-11 123 13.6 162 532 1.7 12
Bk 2-12 124 13.6 16.3 525 1.7 12
B A 2-13 12,6 13.8 16.6 54.0 1.7 12
B 2-14 13.0 14.1 17.0 54.9 1.7 12
EMbAA 2-15 122 134 162 52,0 1.6 12
B LA 2ave 122 13.6 163 529 1.7 12
LEEE (%) 33 37 37 36 0.0 0.0
EHLA 2ave (4) 122 133 16.0 542 1.7 12
TENEEE @) (%) 2.8 7.1 6.1 53 35 43

*1 oprlEHE TE AR S — o) | BRI TR bR S avel &2,
TEE LRI @) & HDDOITTEERIE 2, 6, 7. 12 2BEH L8,
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Table A6 Analysis data of slag samples of solidified products (G28) (2/2).

AT THEERSY (Wit%)

BV :
ALOs CaO Fe)O3 SiO; NaO MgO
A 4-1 124 142 18.1 47.0 1.6 1.1
LA 4-2 125 144 18.6 47.0 1.6 1.1
B EAA 4-3 123 13.8 179 486 1.6 1.1
B LA 4-4 126 144 18.5 48.0 1.6 1.1
B kA4 4-5 12.7 13.8 18.1 495 1.6 1.1
LA 4-6 119 138 17.7 44.7 1.6 1.1
B LAA 4-7 12.7 14.1 18.1 484 1.6 1.1
A 4-8 12.8 14.1 182 484 1.6 1.1
A4 4-9 124 14.1 18.5 48.1 1.6 1.1
B kA4 4-10 12.8 14.1 182 484 1.6 1.1
A 4-11 13.0 14.7 19.0 50.0 1.6 12
B 4-12 129 142 18.4 49.0 1.6 1.1
B4 4-13 12.8 142 18.5 484 1.6 1.1
B 4-14 12.7 143 18.6 47.8 1.5 1.1
B 4-15 13.1 149 188 49.7 1.6 12
[ELAA dave 12,6 142 18.3 482 1.6 1.1
IERIL (%) 24 2.1 1.6 2.7 0.0 0.0
EVIE dave (@) 12,5 14.1 182 473 1.6 1.1
TEHRE @) (%) 35 1.8 22 4.0 0.0 0.0

*1 ofrelEHE TS — PRI ) | EEARCEREIEL TR S ave) &2,
WERNfE L AT @) EHDOITTEREYLE 2, 6, 7, 12 25 U725,

Table A7 Chemical components of solidified products (G28).

AT THRFEERSY (Wi%)

v .
AlLO;3 CaO FexO3 SiO, Na,O MgO
B LA 1,2,4ave 122 13.7 16.7 51.1 1.6 1.1
MR (%) 35 4.4 7.0 6.8 26 3.7

*1 BRI TEH AR S ave] & L. SEIAOFEERIE @ 7)) (28
F D A & AEERE R TR L2 b O,
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Figure A1 Output curve image of temperature in a plasma melting test (1t scale).
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Figure A2 Schematic diagram of the plasma melter.
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Figure A3 Cross-sectional view of the solidified product (G25) scanned by the X-ray CT Unit.
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BEEMER (RS9)
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Figure A5 Sampling point for chemical analysis of slag.

Figure A6 Making procedure of glass beads.
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R G38 X%

Table A8 Analysis data of slag samples of solidified products (G38).

Main components in slag (wt%o)

Sampling points” ALOs CaO FexOs SiO,
S1-1 89 89 18.1 17.0 319 322 388 387
S1-2 7.6 7.6 149 15.0 42.7 42.8 317 31.6
Average 8.2 16.2 374 352
Standard deviation 0.7 1.6 6.2 41
Variation of coefficient (%) 9.0 9.7 16.5 11.7
*1 S: a sample cut from a solidified product. A Branch number means a sampling point of a solidified product according
to Figure A5 of Appendix II.
Table A9 Analysis data of molten bath samples (G38).
Molten bath samples Main components in slag (wt%)
(min.)"! ALO;3 CaO FexOs SiO,
M1(4) 6.9 7.0 159 16.5 41.1 41.7 327 326
M2(33) 7.2 7.0 153 15.1 42.1 414 322 313
M3(62) 7.2 73 15.1 153 42.0 422 319 31.8
M4(92) 7.5 7.5 15.1 15.0 427 42.6 321 31.8
Average 72 154 420 32.0
Standard deviation 0.2 0.5 0.5 04
Variation of coefficient (%) 3.1 34 1.3 14

*1 M: a sample taken from the molten bath. Numbers in parenthesis are elapsed time after complete melting.
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Temperature (°C)

1600 1550 1500 1450 1400 1350 1300 1250 1200

100
O 633-52-6: Fe,0,=17.2wt%, Basicity=0.28
<>G35-52-6: Fe,0,=20.0wt%, Basicity=0.43
A\G36-53-6: Fe,0,=23.5wt%, Basicity=0.66
nv"TpP--—————--—=—— —
Criteria for operation
A
A
1 A o
<
o L g B
[ ] B X M G37-52-6: Fe,0,=30.4wt%, Basicity=0.32
X X G38-S1-1: Fe,05=32.1wt%, Basicity=0.45
0.1 L L L
5.0 5.5 6.0 6.5 7.0
10,000/T (K1)

Figure A7 Temperature dependence of viscosity of slag taken from solidified products.
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