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Abstract

In the low level radioactive waste treatment facility (LWTF), the cement solidification
process is being studied on its applicability as a method for preparing waste packages
from sodium-nitrate-containing low-level liquid waste generated at reprocessing plants.
In this process, liquid waste is solidified by being evaporated using a concentrator, then
mixed with cement. Solidification at high temperatures is thus desired in this process.
Comparatively little data is available so far regarding the physical properties of
cement-solidified products prepared from liquid waste containing sodium nitrate. In this
research, solidification tests were conducted on two kinds of sodium-nitrate-containing
liquid wastes different in chemical composition (1:nitrate solution waste, 2:slurry waste)
with liquid waste temperature being chosen as a parameter. In addition, an
investigation was carried out on the effects of the degree of concentration (salt
concentration) and fluctuations in chemical composition. Knowledge obtained through
these tests is summarized below.

1. Solidification of nitrate solution waste

Solidification in a high temperature caused a rapid hydration reaction of cement,
resulting in rapid hardening during the mixing process and a drop in fluidity. However,
it has been confirmed that liquid waste can be solidified at 80 degree celsus or so by
adding a dispersing agent to improve fluidity and changing the amount of hardening
solution to be added for cement hardening. This has verified that the cement
solidification process under contemplation is applicable to nitrate-containing liquid
waste.

In future studies, solidification conditions under which liquid waste can be solidified
even when the degree of concentration or the chemical composition of liquid waste
fluctuates in a wide range will be established assuming the range of fluctuations in the
operating conditions of liquid waste treatment.

2. Solidification of slurry waste

In solidifying slurry waste, a fall in fluidity and a fall in compressive strength were
observed. It is considered that this is attributed to the effects of phosphate contained in
the liguid waste. In the case of slurry waste whose phosphate concentration is adjusted
to 0 g/L, it has been verified that solidified products whose salt mixing ratio is 50 wt%
can be prepared when the liquid waste temperature is 80 degree celsus and the degree of
concentration is 65 wt%. It has been revealed that increases in the NaNO2, NaHCOs,
and Na2SO4 contents cause a delay in cement hardening, a fall in compressive strength,
and a fall in fluidity, respectively. It has also been revealed that when liquid waste
containing phosphate alone is solidified, solidified products whose salt mixing ratio is 50
wt% in terms of hydrate salt (NasPO4 8H20) (26.6 wt% in terms of anhydrate salt) can
be prepared.
This work was performed by JGC,Corporation.under contract with Japan Nuclear Cycle
Development Institute.
JNC Liaison Reprocessing Center,Waste Management Division,Tokai Works
*JGC Corporation
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NaHCOs 10 MPa
NasPOs 8H20
50 %
4.3.6
1
80 100
NaHCOs NaOH Na2COs Na2COs
2
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SC

66 50wt%

3
60
Na;HPOs + NaOH 7H:0- NasPOs 8H.0 8
NaHCOs + NaOH - NaCOs H:0 1
Ca
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80 69 73 wth

(25 wt%NaOH) SC

0 wt%

80
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50 wt%

SC
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W/C
sc
sc sc
sc ( ) SiO2
CaO Al:Os

SiO2 CaO AlOs

pH12 [ 1]

- 44 -



JNC TJ8430 2005-003

[1]
[2] TRU

[3]

12

3]

p100
p4-84-85

pa7

- 45 -

1996

2]

2

2001
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(1)

100

80

(2)

20

20

11

SC

120ml

-1-)
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®3)

3-4

3-3

N/mm2=MPa)
N
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oo kg

(-3-)
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1-2

(-4
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1-3

(-5-)
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40x 40x 160

- o)

1 JSR 5201

1-4

(-6-)
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2.
71.4 wt 50 wt% /ISC =0.66
0 wt% 0 wt%
11
(Wt%) 71.4
NaNOs(wt%) 49.23
NazSO4(wt%) 0.76
AgNOs(Wt%) 0.01
(Wt%) 50
SC (Wt%) 30 30 30 30 30 30 30
(Wt%) 0.0 0.2 0.5 1.0 2.0 3.0 5.8
(Wt%)
(Wt%)
(Wt%) 20.00 | 19.80| 19.50| 19.00 | 18.00 | 17.00 | 14.20
(9) 3000
NaNOs(g) 1476.9
Naz2S0a4(g) 22.8
AgNOs(Q) 0.3
SC (9) 900
(9) 0 6 15 30 60 90 174
(9)
(9)
) 600 594 585 570 540 510 426

-1-)
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2.
71.4 wt 50wt%  /SC =0.66
1.2 wt% 0.05 wt%
1.2
(Wt%) 71.4
NaNO3(wt%) 49.23
NazSO(wt%) 0.76
AgNO3(Wt%) 0.01
(Wt%) 50
sc (Wt%) 30 30 30 30 30
(Wt%) 0.0 0.2 0.5 1.0 2.0
(Wt%) 1.2
(Wt%) 0.05
(Wt%) 18.75| 1855| 18.25| 17.75| 16.75
©) 3000
NaNOs(g) 1476.9
Na2S04(g) 22.8
AgNO3(g) 0.3
sc () 900
(9) 0 6 15 30 60
(9) 36
(9) 15
() 562.5| 556.5| 547.5| 5325| 5025

-2-)
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2.
50 wt% 1.2 wt% 0.05 wt% 2.0 wt%
1.3
(Wt%) 69.0 | 71.4( ) 73.0 75.0
NaNOs(wt%) 49.23
Naz2SO04(Wt%) 0.76
AgNO3(Wt%) 0.01
(Wt%) 50
scC (Wt%) 27.54 30 31.51 33.33
(Wt%) 2.0
(Wt%) 1.2
(Wt%) 0.05
(Wt%) 19.21 16.75 15.24 13.42
(9) 3000
NaNOs(g) 1476.9
Na2S04(g) 22.8
AgNOs(g) 0.3
SC (9) 826.2 900 945.3 999.9
(9 60
(9) 36
(9) 15
(9) 576.3 502.5 457.2 402.6

(-3-)
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71.4 wt% 50 wt% 1.2 wt% 0.05 wt%
1.4
NazSO04
2
NaNOs(wt%) 49.23 48.47
Naz2S04(Wt%) 0.76 1.52
AgNO3(Wt%) 0.01
(Wt%) 50
scC (Wt%) 30
(Wt%) 2.0
(Wt%) 1.2
(Wt%) 0.05
(Wt%) 16.75 18.55
(@) 3000
NaNOs(g) 1476.9 1454.1
NazS04(g) 22.8 45.6
AgNOs(g) 0.3
SC (9) 900
(9) 60
(9) 36
(9) 15
(@) 502.5

(-4
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2.
1 50 wt% 1.2 wt% 0.05 wt%
2.1
(Wt%) 714
NaNOs(wt%) 29.772
NaNO2(wt%) 0.912
NaHCOs(wt%) 3.528
NazSO4(wt%) 0.533
NazHPO4(wt%) 13.492
AgNO3(wt%) 0.008
Agl(wt%o) 0.118
FeO(OH)(wt%) 1.637
NaOH(wt%) 0
(Wt%) 50.0
SC (Wt%o) 30
(wt%) 2.0 3.0 5.8
(Wt%) 1.2
(Wt%) 0.05
(Wt%) 16.75 | 15.75 | 12.95

(-5-)



JNC TJ8430 2005-003

2,
2
2.2
NazHPO. (Wt%) 127 | 33 0
NaNOs(wt%) 28.079 | 38.694 | 42.479
NaNO2(wt%) 0.86 | 0.886 | 0.896
NaHCOs3(wt%) 3.327 | 3.428 | 3.464
NazS0a(Wt%) 0.503 | 0.518 | 0.524
NazHPO4(Wt%) 12.725 | 3.344 0
AgNO3z(Wt%) 0.007 | 0.007 | 0.007
Agl(wt%) 0.112 | 0.115 | 0.116
FeO(OH)(wt%) 1.544 | 159 |1.607
NaOH (wt%) 5.169 | 2.574 | 1.649
(Wt%) 52.33 | 51.56 | 50.74
(Wt%) 50.00
sC (Wt%) 30
(Wt%) 0.0
(Wt%) 1.2
(Wt%) 0.05
(Wt%) 16.75| 15.75| 12.95

(-6-)
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2.
3
2.3
(Wt%) 20 22 24 26 28 30
(Wt%%) 30 28 26 24 22 20
NaNO3(wt%) 42.479
NaNO2(wt%) 0.896
NaHCOs(wt%) 3.464
Naz2SOa(wt%) 0.524
NazHPO4(wt%) 0
AgNO3(wt%) 0.007
Agl(wt%) 0.116
FeO(OH)(wt%) 1.607
NaOH(wt%) 1.649
(Wt%%) 50.74
(Wt%%) 50.00
SC (Wt%) 30 28 26 24 22 20
(Wt%) 0
(Wt%) 1.2
(Wt%o) 0.05
(Wt%) 18.01| 20.01| 22.01| 2401 | 26.01| 28.01

-7-)
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2.
4
2.4
NazHPO4 (Wt%) 0 2 4 6 8 12.7
NaNOsz(wt%) 42.479 | 40.216 | 37.952 | 35.69 | 33.426 | 28.079
NaNO2(wt%) 0.896 | 0.89 0.884 | 0.879 | 0.873 0.86
NaHCOs(wt%) 3.464 | 3.442 | 3.421 | 3.399 | 3.378 | 3.327
Naz2SO4(wt%) 0.524 | 0.521 | 0.517 | 0.514 | 0.511 | 0.503
NazHPO4(wt%) 0 2 4 6 8 12.725
AgNO3(wt%) 0.007 | 0.007 | 0.007 | 0.007 |0.007 |0.007
Agl(wt%) 0.116 | 0.116 | 0.115 | 0.114 | 0.113 | 0.112
FeO(OH)(wWt%) 1.607 | 1.597 | 1.587 | 1.577 | 1567 | 1.544
NaOH(wt%) 1.649 | 2.203 | 2.756 | 3.309 | 3.862 | 5.169
(Wt%) 50.74 | 50.99 | 51.24 | 51.49 | 51.74 | 52.33
(Wt%o) 50.00
SC (Wt%) 20
(wt%) 0
(Wt%) 1.2
(Wt%) 0.05
(Wt%) 28.01| 27.76| 2751 | 27.26| 27.01| 26.42

(-8-)
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2.5
NaNO3z(wt%) 37.952
NaNO2(wt%) 0.884
NaHCO3(wt%) 3.421
Na2SO4(wt%o) 0.517
NazHPOa(wt%) 4
AgNO3(wt%) 0.007
Agl(wt%) 0.115
FeO(OH)(wt%) 1.587
NaOH (wt%) 2.756
(Wt%o) 51.24
(Wt%o) 50.00
SC (Wt%o) 20
(Wt%) 0 1 2 3
(Wt%) 1.2
(Wt%) 0.05
(Wt%) 2751 | 26.51 2551 | 26.51

-9-)
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2.6
sC
22 24 26
NaNOs(wt%) 40.909
NaNO2(wt%) 0.896
NaHCOs(wt%) 1.046
NazSO(wt%) 0.524
NazHPO4(wWt%) 4
AgNO3(Wt%) 0.007
Agl(wt%) 0.116
FeO(OH)(Wt%) 1.607
NaOH (wt%) 1.625
(Wt%) 50.73
(Wt%) 50.00
sC (Wt%) 22| 24 26
(Wt%) 2
(Wt%) 1.2
(Wt%) 0.05
(Wt%) 24.02 | 22.02| 20.02

(-10-)
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2.
7 50 wt%
2.7
(Wt%)
1 2 3
NaNOs(wt%) 22.069
NaNO2(wt%) 0.676
NaHCOs(wt%) 2.615
NazSO4(Wt%) 0.395
Na2HPO4(Wt%) 10.001
AgNO3(wt%) 0.006
Agl(wt%) 0.088
FeO(OH)(Wt%) 1.213
NaOH (wt%) 4.063
(Wt%) 41.13
(Wt%) 39.30
(Wt%) 50
SC (Wt%) 30
(Wt%o) 1 2 3
(Wt%) 1.2
(Wt%) 0.05
(Wt%) 26.624 | 25.624 | 24.624

(-11-)
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2.
50 wt% 1.2 wt% 0.05 wt%
2.8
(Wt%o) 66.8( ) 63.4 65.1 68.6
NaNO3(wt%) 42.479
NaNO2(wt%) 0.896
NaHCOs(wt%) 3.464
Naz2SOa(wt%) 0.524
NazHPO4(wt%) 0
AgNO3(wt%) 0.007
Agl(wt%) 0.116
FeO(OH)(wt%) 1.607
NaOH (wt%) 1.649
(Wt%) 50.74
(Wt%) 50.00
SC (Wt%) 24 20 22 26
(Wt%) 0
(Wt%) 1.2
(Wt%o) 0.05
(wWt%o) 24.0 28.0 26.0 22.0
(9) 3000
NaNOs(g) 1274.4
NaNO2(g) 26.9
NaHCOs(g) 103.9
Na2S04(g) 15.7
Na:HPOa(g) 0
AgNOs(Q) 0.2
Agl(g) 3.5
FeO(OH)(qg) 48.2
NaOH(g) 49.5
SC Q) 720 600 660 780
(9) 0
(9) 36
(9) 15
@) 720.3 840.2 780.2 660.2

(-12-)




JNC TJ8430 2005-003

2.
66.8 wt% 50 wt% 1.2 wt% 0.05 wt%
2.9
NaNO:2 | NaHCOs* | Na:SOs4 | NaHPOs *
NaNOs(wt%) 42.479 | 34.92 35.80 41.95 0
NaNO2(wt%) 0.896 | 8.44 0.896 0
NaHCOs(wt%) 3.464 10.14 3.464 0
Naz2SOa(wt%) 0.524 1.05 0
NazHPO4(wt%) 0 23.05
AgNO3(Wt%) 0.007 0
Agl(wt%) 0.116 0
FeO(OH)(wt%) 1.607 0
NaOH (wt%) 1.649 6.49
(wWt%) 50.74 50.73 50.74 50.74 29.54
(wWt%o) 50.0 26.62
(Wt%) 50.74 50.73 50.74 50.74 50.0
SC (Wt%o) 24
(Wt%) 0
(Wt%) 1.2
(Wt9o) 0.05
(Wt%) 24.01 45.203
(9) 3000
NaNOs(g) 1274.4 1 1047.8 1021.7 1258.7 0
NaNO2(g) 26.9 | 253.5 26.9 0
NaHCOs(g) 103.9 304.1 103.9 0
Naz2S0a4(g) 15.7 314 0
Na2HPO4(g) 0 691.6
AgNOs(Q) 0.2 0
Agl(g) 3.5 0
FeO(OH)(qg) 48.2 0
NaOH(g) 49.5 144.8 49.5 194.8
SC Q) 720
(9) 0
(9) 36
(9) 15
(9) 720.3 1356.1

(-13-)
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11 71.4 0 244

1.2 71.4 15 JIS 15 266

13 71.4
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1.6 69.0 15 JIS 15 293
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69.0

1.8 69.0 1
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1.9 73.0 0 178

1.10 73.0 15 JIS 15 208

1.11 73.0
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1.12 73.0 1

1.13 75.0 0 112

1.14 75.0 15 JIS 15 154
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1.15 75.0

1.16 75.0 1
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3 Naz2SO:-

1.17 NaSOs 2 71.4 0 156

-I.'I|l||.|-|.-|||_..|.u=|j

1.18 NaSOs 2 71.4 15 JIS 15 190

ul

1.19 NaSOs 2 71.4
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3 Naz2S0:-

1.20 NaSOs 2 71.4 1
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0 152

2.2 66.8 15 JIS 15 170
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2.4 66.8 1

2.5 63.4 0 240

2.6 63.4 15 JIS 15 246

3 -10-
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2.7 63.4

2.8 63.4 3

2.9 65.1 0 210

3 -11-
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2.10 15 220

211 65.1

2.12 65.1 1

3 -12-
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B rdow 00 &w v §gw oaon &OEC B

2.13 68.6 0 107

2.14 15 154

2.15 68.6

3 -13-
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2.16 68.6

3 -14-
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2.17 NaNO: 0 230

TR A R

2.18 NaNO: 15 JIS 15 238

2.19 NaNO:2
1

3 -15-
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2.20 NaNO:2 3

2.21 NaHCOs 0 154

2.22 NaHCOs 15 JIS 15 172

3 -16-
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2.23  NaHCOs
1

2.24 NaHCOs

2.25 NazSO4 0 112

3 -17-
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2.26  NazSO4 15 JIS 15 149

[ — il

2.27  NazSO4

2.28 Na2SO04 1

3 -18-
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2.29 NazHPO4

2.30 NazHPOa4
1

2.31 NaxHPO4

3 -19-



