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Abstract
Some of radioactive waste generated from JNC's facilities contain the poisonous

substances such as lead, cadmium and mercury. In order to establish an appropriate
method of the treatment of these heavy metals, solidification performance was
evaluated using cementitious materials. In this report, the solidification performance
of lead, which accounts for relatively high ratio in total wastes, was evaluated. The
results are summarized below:
1. The test of stabilization process of lead

The conversion process from block lead to the powdery lead sulfide was examined on
the beaker scale. As a result, it was confirmed that the conversion was possible using
the liquid phase reaction by the addition of thiourea after block lead had been
dissolved by the acetic acid with bubbling air. After the process, the lead concentration
in the filtrate was extremely low(0.02mg/L), so it was judged that almost all of the lead

was converted and recovered as lead sulfide.

2. The fabrication and evaluation of solidified wastes

Five types of solidified waste were fabricated with different binder, and were
evaluated by the measurement of one-axis compressive strength, porosity, the elution
ratio of lead, and so on. Powdery lead and sulfide lead reagent were used as model
waste. As a result of the test, it was confirmed one-axis compressive strength for all
solidified waste to pass the technical standards 15kg/cm2 (1.5 Mpa) for homogeneously
solidified waste as the Low-level Radioactive Waste Disposal Center in Aomori
Prefecture, and as for the elution ratio of lead, it had obtained the better result (0.27
mg/L) at the case of solidification of sulfide lead 20mass% packed in the total solidified
waste by using low alkaline cement (including Hauyne mineral) than standard
value(0.3mg/L) at Regulations of Waste Management and Public Cleansing Law.
Moreover, it was understood that the elution of lead had high relationship with not
only the character of the binder but also the physical property such as pore structure

of solidified waste.
This work was performed by Taiheiyo Consultant, LTD. under contract with Japan Nuclear Cycle
Development Institute.
JNC Liaison: Waste Technology Development Group, Waste Management Division, Waste
Management and Fuel Cycle Research Center, Tokai Works

* Taiheiyo Consultant Co., LTD.
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pH 10 13
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Pb 0.31mg/L(24 )™
*1
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36.1wt%(20 )*>
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39.8wt%(30 )*5
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PbCle 1.07wt%(25 )5 [PbCl4]z
1.17wt%(30 )*5 *1*3
42.Tmg/L(20 )*5
PbSOs  [45.2mg/L(25 )* "
47.6mg/L(30 )™ %3
15.5mg/100g (20 )*3
PbsOH3+
Pb4s(OH) 44 Pbs(OH).2+ () Pb(OH)s
Pb(OH): Pbe(OH)s**  PbsO(OH)st+ *3 *4
*4
o« 50.4mg/L(25 )2 _— *1vq
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mass 50mass 100mass
23 20 24
(2) 3.0284 3.0079 3.0993
(@ 100.0 100.0 100.0
360 (2 2.4311 2.2825 2.2478
(15 (2 0.5973 0.7254 0.8515
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(mass%) 20 24 21
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mass (g) (2)><100
15
15



JNC TJ8410 2004-007

4.1.4
400
50(mass )
( )
50mass 60
( 4.2 )
4.3
50mass% 100.0g

100ml

4.2



JNC TJ8410 2004-007

> ‘..
S0,
& oa ®
.' 2
2 (RER)
it
4.3
4.2
4.2
50mass
28 ) 21 )
(2) 3.0016 3.0785
(2 100.0 100.0
360 () 2.6331 2.6158
15 (g) 0.3685 0.4627
(mass%) 12 15
(2 99.14 98.57




JNC TJ8410 2004-007

4.1.5
50(mass )
50ml min
50mass )
50mass% 100.0g 100ml
4.3
4.3
50mass
22
(g) 3.0155
(g) 100.0
(2 0
9246 (g) 3.0155
(10 6 )
(mass%) 100
(g) 68.74




JNC TJ8410 2004-007

4.1.6

50(mass )

50ml min

4.4
4.4
50mass
19 (
(2 3.0022
(2 100.0
(2) 0
184 (o) 3.0022
(7 16 100
) (mass%)
(2 76.17
62 25

-10 -




JNC TJ8410 2004-007

4.2
4.2.1
CS(NH3>)
NaOH
4.2.2
RINT2500
Cu
50kV 250mA
DS1< RSO0.15mm SS1<
0.02<
5</min
5 60°
ICP-AES

ICP-AES Varian VISTA AX CCD Simultaneous
pH
pH

-11 -



JNC TJ8410 2004-007

4.2.3

50.0g
( 0.4301g)

4.1

50.0g

10mass% NaOH

(

mass

0.45m

4.1

NaOH

0.011g
19(g L)

A 4

10mass%

(

)

(
10

1000

800

600

400

200

4.2

35
O °

55

-12 -

4.2

3g)



JNC TJ8410 2004-007

4.2.4

pH
10
1.1 ( 3 )  175ml
25.0g
10mass%
pH pH
10
3.6 ( 10 ) 175ml
25.0g
10mass%
10

-13-

11

5)

pH11

pH11



JNC TJ8410 2004-007

4.5 4.4 4.7
4.5
10
(g) 24.76 25.01
® 1.1305 1.1419
(g) 175.06 175.03
(g) 1.1019 3.6046
NaOH (g) 82.15 93.69
(g) 1.1190 1.1151
(mass ) 99.0 97.7
(mg/L) 0.02 0.02
H 12.12 13.06
(mass ) ( )>=<100
10
0.02 g/L

-14 -



JNC TJ8410 2004-007

4.4 10mass%

4.5 10mass%

-15-



JNC TJ8410 2004-007

4.6 10mass%
10

4.7 10mass%

-16 -



JNC TJ8410 2004-007

4.3

-17 -



JNC TJ8410 2004-007

5.1

5.1.1

5.1.1
5.1.1
B.E.T 0.0bm ¢
B.E.T 0.70m g

-18 -




JNC TJ8410 2004-007

5.1.2
5.1.2
No
OPC JIS R5210
JIS R5211
BC ( 70 )
( 53
LAC 18 19
10mass )
CG
S
JIS A6201
5.1.2
40mme>< 10mmH
mass%

-19-




JNC TJ8410 2004-007

OpPC BC LAC CG

20mass

5.1.1
5.1.1

20g
5.1.2

(S)
_
120
5.1.2

-20 -

2bg

20mass%

(100ml)

(100ml)




JNC TJ8410 2004-007

5.1.3
5.1.3
2.1 2.14
5.1.3
/
(mass%)
0.5 20
0.4 20
OPC 0.3 20
0.4 0
0.5 20
0.4 20
0.5 20
0.4 20
0.3 20
BC 0.4 0
0.5 20
0.4 20
0.5 20
0.4 20
LAC 0.5 0
0.6 20
0.5 20
0.4 20
0.35 20
CG 0.3 20
0.4 0
0.45 20
0.35 20
(mass%)
(mass%)
40 20
30 20
30 0
40 20
30 20

=21 -




JNC TJ8410 2004-007

5.1.4
5.1.4

(mass%)

0.4
0.5
0.4
0.5
0.5
0.6
0.35
0.45

20

(mass%) (mass%)

30
30

20

-22.-



JNC TJ8410 2004-007

5.2
5.2.1
5.1
5.2.2
5.2.1
5.2.1
20
20
10

mass%

-23-



JNC TJ8410 2004-007

5.2.3

(

)

20

OpPC BC LAC CG

70

5.1.4
5.2.1 5.2.2

5.2.1

5.1

20

1.5 | 0.5 | 1.0

5.2.2

70

50mme ><100mmH

=24 -

\4




JNC TJ8410 2004-007

()

50mme ><100mmH
5.1 5.1.4
5.2.3
> v,
120
5.2.3
20 70

-25-



JNC TJ8410 2004-007

5.2.4
JIS A1108
13

mm 2b6g
0.454m
pH Pb

ICP
ICP-AES

JIS

28

Varian

-26 -

28
JIS A 1107
A 1107 )
13
0.5
250ml
pH pH Pb

VISTA AX CCD Simultaneous



JNC TJ8410 2004-007

28

28 56

28

28

100ml
0.454

2.0

Autopore

0.003pm  360pm

-27 -

1.8

9200



JNC TJ8410 2004-007

5.2.5

5.2.2 28
3.5

5.2.2

3.1

(mass%)

OPC

CG

28

OPC

28

20

28

LAC

CG

10

-28-




JNC TJ8410 2004-007

28 524 525 5.2.3 524

7
15 kg/cm? 1.5MPa

OPC BC
S
100
- O7 0O28
80
g _
o
60 ]
40 [
20 _‘
O | |
OPC BC LAC CG S
5.2.4 20mass
100
O7 [0O28
80 r
©
[a
60
40 ]
20 _W
0 | |
OPC BC LAC CG S
5.2.5 20mass

-29 -



JNC TJ8410 2004-007

5.2.3 20mass

No. MPa MPa
1 55.61 78.40
opPC 2 52.64 55.84 85.13 82.77
3 59.27 84.78
1 42.74 72.99
BC 2 39.40 40.24 73.66 72.98
3 38.59 72.28
1 41.83 63.24
LAC 2 44.37 43.55 37.60 61.59
3 44.45 59.93
1 16.08 14.98
CG 2 14.86 15.36 15.66 15.80
3 15.15 16.76
1 21.59 13.80
2 13.57 20.41 7.10 17.92
3 19.22 22.03
20
5.2.4 20mass
No. MPa MPa
1 40.83
opPC 2 42.45 41.64
3 28.90
1 45.88
BC 2 38.25 42.07
3 28.96
1 22.71 36.01
LAC 2 23.48 22.61 32.97 35.98
3 21.63 38.97
1 8.44 8.72
CG 2 7.95 8.26 8.11 8.05
3 8.39 7.32
1 22.84 35.64
10 2 36.50 23.49 20.61 22.54
3 24.14 24.46
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5.2.5

5.2.6

OpC BC LAC CG S

H
OPC BC S CG LAC
H
1000
20mass%
_. 800 r
—
S
o
£ 600 -
400
200
. B =
OPC BC LAC CG
5.2.6 20mass 13
5.2.5 20mass 13
(mg L) pH ()
No.
OoPC )88 945 12.33 12.33 211 21.2
902 12.33 21.2
494 12.18 20.8
BC 189 492 1911 12.15 20,7 20.8
106 11.37 20.8
LAC 101 104 1135 11.36 20.9 20.9
81 11.41 20.4
CG 35 83 11383 11.40 204 20.4
8.58 11.23 20.1
313 8.36 1118 11.21 20.3 20.2
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20mass%
120
__ 100
> 80
E
60
40
20
0
OPC BC LAC CG S
5.2.7 20mass 13
5.2.6 20mass 13
(mg L) pH ()
No.
OPC 116 116 12.39 12.38 21.2 21.1
116 12.37 21.0
33 12.11 20.8
BC 29 31 19.08 12.10 20.7 20.8
0.23 11.11 20.8
LAC 0.30 0.27 11.10 11.11 20.9 20.9
5.80 10.86 20.4
CG 5 44 5.62 10.81 10.84 20.1 20.3
7.76 10.92 20.4
115 5.96 10.81 10.87 20.2 20.3
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5.2.7 20mass OPC
(mg L) pH ()
No.
.1 12. .
9.10 13 01 12.08 20.2 20.4
16 12.15 20.5
14 12.13 20.7
23 19 12.27 12.20 20.6 20.7
25 12.25 20.2
OPC
53 39 1994 12.25 90.9 20.1
87 12.41 19.8
28 130 109 1263 12.52 20.0 19.9
133 12.63 20.0
56 o11 172 19.62 12.63 198 19.9
5.2.8 20mass BC
(mg L) pH ()
No.
1. 11.42 20.2
53 2.01 11.43 0 20.3
2.49 11.44 20.4
4.29 11.67 20.5
529 4.79 11.68 11.68 20.6 20.6
8.88 11.77 20.1
BC
917 9.03 11.80 11.79 20.3 20.2
31 12.01 20.0
28 15 38 1210 12.06 199 20.0
53 12.25 19.9
56 92 73 1933 12.29 20.0 19.9
5.2.9 20mass LAC
(mg L) pH ()
No.
<0.01 22 20.
0.0 <0.01 9 9.06 0.5 20.6
<0.01 8.90 20.6
0.02 9.98 20.4
<001 | 001 g (99 204 | 204
<0.01 10.11 20.1
LAC
2001 <0.01 10.22 10.17 20.2 20.2
<0.01 11.21 20.2
28 2001 <0.01 1117 11.19 20.0 20.1
0.14 11.61 19.6
56 014 0.14 1151 11.56 193 19.4
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5.2.10 20mass CG
(mg L) pH ()
No.

. 10. 20.4
5.90 5.80 0.86 10.87 0 20.4

5.69 10.87 20.3

9.89 10.96 20.3
963 9.76 1101 10.99 20 4 20.4

16 10.94 20.2

CG

16 16 1101 10.98 202 20.2

28 11.14 20.3
28 o3 28 11.08 11.11 199 20.1

45 11.48 19.6
56 47 46 1141 11.45 199 19.8

5.2.11 20mass S
(mg L) pH ()
No.
. . 20.

0.03 0.04 8.05 7.83 0.0 20.1

0.05 7.60 20.1

0.15 7.01 20.1
012 0.14 6.96 6.99 201 20.1

0.40 7.14 19.8
0.30 0.35 797 7.21 19.9 19.9

2.50 4.69 20.0
28 240 2.45 470 4.70 199 20.0

4.33 4.76 19.7
56 397 4.15 178 4.77 199 19.8
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5.2.12 20mass OPC
(mg L) pH ()
No.
1 12.14 20.
3 14 12.12 0.3 20.3
15 12.10 20.2
27 12.30 20.7
21 24 12.25 12.28 20.7 20.7
47 12.37 20.3
OPC
35 41 19.37 12.37 202 20.3
119 12.57 20.1
28 37 103 1951 12.54 199 20.0
172 12.73 20.3
56 119 145 19.79 12.73 20.4 20.3
5.2.13 20mass BC
(mg L) pH ()
No.
1. . .
26 1.36 11.22 11.24 20.3 20.3
1.15 11.25 20.3
2.31 11.57 20.6
136 2.09 1152 11.55 20.6 20.6
2.79 11.70 20.4
BC
2753 2.66 1170 11.70 202 20.3
5.87 11.98 20.1
28 570 5.79 1197 11.98 199 20.0
7.55 12.20 20.2
56 761 7.58 1290 12.20 20.4 20.3
5.2.14 20mass LAC
(mg L) pH ()
No.
<0.01 9.31 20.5
<0.01 9.39 20.5
<0.01 9.46 20.5
0.02 10.15 20.4
0.02 0.02 10.14 10.15 20.5 20.5
0.02 10.39 20.3
LAC
0.03 0.03 10.21 10.30 203 20.3
0.18 11.39 20.1
28 0.09 0.14 1131 11.35 199 20.0
0.59 11.66 19.8
56 0.43 0.51 1159 11.63 20.0 19.9
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5.2.15 20mass CG
(mg L) pH ()
No.

. 10. 20.2
0.55 0.64 0.67 10.69 0 20.3

0.72 10.71 20.3

0.91 10.72 20.3
118 1.05 10.70 10.71 20 4 20.4

1.77 10.70 20.2

CG

174 1.76 10.72 10.71 20 1 20.2

2.57 10.85 20.0
28 269 2.63 10.85 10.85 20.0 20.0

6.05 11.15 20.0
56 6.57 6.31 1113 11.14 20.1 20.0

5.2.16 20mass S
(mg L) pH ()
No.

.04 . 20.2
0.0 0.06 7.60 7.39 0 20.2

0.07 7.17 20.2

0.14 6.90 20.0
0183 0.16 6.84 6.87 201 20.1

0.27 7.09 20.1
038 0.33 709 7.09 20.0 20.1

2.12 4.54 19.8
28 941 2.27 449 4.52 199 19.9

4.57 4.68 20.0
56 594 491 165 4.67 20.0 20.0
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OPC BC LAC CG
5.2.17
OPC 20.3
BC 19.9
LAC 20mass 20.8
CG 32.6
S 15.0
OPC 24.2
BC 27.6
LAC 20mass 35.1
CG 34.0
10 S 12.4
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(mass%) o] MPa MPa
1 46.54 37.09
3-1 |LAC 2 47 .17 46.74 59.29 54 .38
3 46.51 49_46
1 45.42 51.28
3-2 |LAC 10 2 41.43 41.10 58.92 53.63
3 36.45 50.69
1 20.64 22.12
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3 21.16 22.19
1 13.43 11.81
4-2 | CG 10 2 14.20 13.64 10.25 10.57
3 13.29 9.64
20

-50 -




JNC TJ8410 2004-007

-51-

5.3.4
(mass®) No. MPa MPa

1 14.03 13.38

8-1 | LAC 30 2 14.02 14.14 14.46 14.13
3 14.37 14.56
1 14.49 15.17
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3 14.04 14.88
1 7.67 8.57
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3 8.76 10.14
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5.3.5 13
(mg L) pH ()
(mass%) | No.

3-1 | LAC 1.50 1.45 11.68 11.70 18.3 18.5
1.40 11.72 18.6
8.28 11.80 18.4

3-2 | LAC 10 316 8.22 11.80 11.80 183 18.4
72 11.56 16.1

4-1 | CG 70 71 1155 11.56 16.7 16.4
106 11.55 16.8

4-2 | CG 10 95 101 11.56 11.56 177 17.3

5.3.6 13
(mg L) pH ()
(mass%) | No.

0.27 10.27 17.7

8-1 | LAC 30 0.31 10.27 18.0
0.34 10.26 18.3
0.47 10.02 18.1

8-2 | LAC 40 0.49 0.48 10.03 10.03 18.9 18.2
5.20 11.40 16.5

9-1 | CG 305 4.58 1135 11.38 173 16.9
5.19 11.33 17.3

9-2 | CG 10 555 5.37 11392 11.33 175 17.4
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