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Low-level radioactive miscellaneous solid wastes are generated from commercial operation of nuclear power plants and
will be generated from decommissioning of nuclear power plants in future. Static leaching tests were carried out in deionized
water of 10  on slag obtained by thermal plasma melting of simulating materials of the miscellaneous solids wastes with
surrogate elements of radionuclides. It is found that logarithm of normalized elemental mass loss from the slag is
proportional to the basicity represented by mole fractions of main structural oxides of the slag, such as SiO,, Al,0;, CaO, FeO
and MgO. The range of static leaching rates from the slag is determined based on the above results and the basicity range of the
miscellaneous solid wastes. Then we compared the leaching rates form the slag and from high level waste glasses. On these
grounds, we concluded that the slag obtained by thermal plasma melting of miscellaneous solid wastes can stabilize
radio-nuclides in it by no means inferior to the high level waste glasses.
Keywords thermal plasma heating, leaching, slag, basicity, solidified product
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Table 1 Melting test conditions.
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Table 2 Slag composition.

wt%)
Al,O4 SO, CaOo FeO MgO | Na,O Ko,O |ZrO,
1 20.04 20.42 5.89 53.05 |[0.93 | 0.73 0.15 - 101.22
2 8.04 21.68 3.86 5258 [9.38 | 0.43 0.08 - 96.05
3 571 18.41 0.37 55.81 |18.11 | 0.01 0.01 - 98.43
4 1.89 51.14 1.03 0.51 40.24 | 0.34 0.04 - 95.19
5 5.81 26.53 6.39 37.50 - 1.29 - 10.99 | 88.51
6 11.97 19.63 5.46 39.43 - - - 16.87 | 93.36
7 20.68 14.75 1418 | 39.32 - - - - 88.93
8 15.47 47.43 8.11 11.63 - - - - 82.64
9 22.98 34.23 10.07 | 19.88 - 1.06 - - 88.22
10 17.58 20.54 5.70 44.34 - 1.03 - - 89.21
11 26.00 32.81 9.13 17.73 - 1.03 - - 86.70
12 25.24 44.45 7.06 10.11 - 1.18 - - 88.05
13 20.09 26.08 5.95 41.19 - 0.81 - - 94.12
14 20.59 28.24 6.78 35.13 - 1.05 - - 91.78
15 16.64 28.73 6.83 37.92 - 1.14 - - 91.26
1.5wt% 1.8wt% 0.4wt%
Table 1 5 MgO
Zr0O,
Zr0O,
100
31
FeO
2.2
99% MCC-1P
Sr(NOs)2 Table 3
0.2Wt% Table 4
200A 20 30kW
300A  40kW Table3 L eaching test conditions.
500A 50 W
55 125um
120ml
100 |
( 10
0% ) e
SANV? 100cm™*
2 28 364 Table4
10 *1 SANV
Table 2 MgO BET1
39.8wt%

47



Table4 Leaching period.

(day)
1 28 56 91
2 28 56 91
3 28 56 91
4 28 56 91
5 3 7 14 28 56 91 182 364
6 3 7 14 28 56 91 182 364
7 3 7 14 28 56 91 182 364
8 3 7 14 28 56 91 182 364
9 28
10 28
11 28
12 28
13 28
14 28
15 28
28 91 364 3
1
10.0+ 0.2
4] Table 3
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Table 5. Correlation between basicity and logarithm
of normalized elemental mass loss of Sr.

BW-2 -0.10 0.01
BW-5 0.91 0.82
BM-2 -0.10 0.01
BM-5 0.94 0.88
BM-5-1 0.95 0.90
Sr
10
28
Bwm-s
5
Bums
28 Sr S Na
Fig.2
Bum-s
Bu-s
0.86
[6]
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[5]
Fig.2
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49

105¢
o]
& °
£
o
o o]
2?5 106} | %
"o 0.94
* _%
. log(NLg) = -6.940.5x B, ¢
. (4 Bus
107 ! e
107 106 10°
NLg (9 cm?)
CUS
106¢
o~ o]
g °
5 o)
S & o
o 570
> 107¢ oo
0.86
log(NLg)=-7.2+0.2x B,, 5
Bums
10-8 L ]
108 107 106
NLg (g cm?)
(b) S
104 ¢
& ©
S . ©
G
> 10—5 L
= o
g X
P 95 0
106} % © 0.93
° log(NL )= -6.4+0.5x By, 5
Bums
10_7 1 1 ]
107 106 10° 104
NLy, (g cm?)
(c) Na
Fig.2 Experimental and estimated values of

normalized elemental mass loss for leaching periods
of 28days.

Bu-s

100wt%
Bw-s

Table2



100wt%
BM-5
Bms
Bwm-s
Bu-s
MgO SO, Bu.s
Fig.3
100wt% 1
100wt%
Bums
FeO
30wt% Bu.s
Bu-s 0.25
1.9
MgO
-25% SO, 28%
1 Sr 364
Fig.4 Fig.3
X Bu-s
y Bu-s
FeO 30wt%
(0]
SO,
’_10'5
£
o
S
g
-
Z
10°®
107k

Fig.3 Effect of insufficiency of material balance
shown in Table 2 on regression analysis between
logarithm of normalized elemental massloss of Sr

and basicity (By.s)-

FeO

4x 10_6 lo}

o

2x 10°

1x 10°%F

NLs (g cm?

5% 1077f

September 2001

Bu-s
Bums

30wt%

|Og(NL5r) =-6.5+0.4x By.5

(0]

364

i 1 Il

2x 107 .
0.5

1.0 15 2.0
BM_:

Fig.4 Normalized elemental massloss of Sr for 364 days.

BM-S
Bu.s 364 Sr
1x 10°g cm? FeO
30wt%
2x 10%g cm?
32
SAIV
2
Si Si
Si
a1
SAIV Table 3
MCC-1P
PNL 76-68
90 SA/V  0.01
160cm™
[13] Fig.5 Si
SAIV
SA/V =100 cm*

50



Vol.8 No.1

10°3F X Bwm-s
& y BM_5
5
o FeO 30wt%
T 107
SA/V=100cm’ °
. t=91 *
? 10°
10°F 91
=
C 10
2
10 @
10" 10° 10 10 10° 10 = /oeoo/em
SA/Vx t  cm? dav) Lle ©
107F log(NLg) = -6.89+0.14% By.5
\Y
Fig.5 Logarithm of Si concentration versus SA/Vx t (¥ <
(%) X
=91 S 10°F | | I I | l |
PNL 76-68 Si
4 ” 00 05 10 15 20 25 30 35 40
(D] 1.0x 10°g cm
% Bus
. Fig.6 Basicity (Bu.s) dependence of normalized
4 1
42 63 x 10° mol elemental massloss of Si from plasma melted slag.
[14]
4.2x 10" mol™ 6.3x 10°J mol™ Si
90 10 2.0x 10°g Fig.6
cm?  2.8x 10% cm2 Bwm-s FeO 30wt%
ABS39 Bum.s Figure.6
MCC-1P 90  SA/V  0.dcm’
91 Table 6
Si 9.6x 10™g cm2 [15] Bwm-s Si
7
40 70 90
[16] [16] 91
Si ABS39
[15] Si
10 2.2x 10%g cm? Bwm-s
SA/V  100cm™
Si
PNL76-68 Fig.5 5
SANV 1,000
@) 1/200
PNL76-68 ABS39 Si0; B0
1x 10%g cm? NaO Bwm-s
Si
Bu-s

Buw-s

51



September 2001

Table 6 Comparison of normalized elemental mass loss of Si from plasma melted slag and from high

level radioactive glass.

-2 R
g cm () SA/NV® cm?)
3x107 10 100
PNL76-68 3x10°6 91 10 100
ABS39 1x10°® 10°¢ 100
*a
*b 15kcal/mol 14 90 13
*c 16 90 15
*d PNL76-68 SA/V 13
[16] Fig.8
[15] [16] 90 112 Fe
10y m
ABS39 Bu.s S0, Al,O; CaO FeO
MgO
PNL76-68
[16] 40
28 4,
Si Fe EDX Energy Dispersive
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3um

Fig.7 SEM microstructure of cross section and EDX line analysisresults of Si an Fe of slag(No.12) after leaching test.
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3um

Fig.8 SEM microstructure of cross section and EDX line analysisresults of Si an Fe of slag(No.13) after leaching test.
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