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Leaching Behavior of Simulated High-Level Radioactive Borosilicate Glass

WEN Yanli', LIU Chunyu', LIN Peng', LIU Xiajie', ZHANG Meng?, XU Zhanglian®
(1. China Nuclear Power Technology Research Institute Co. Ltd., Shenzhen 518031, Guangdong, China; 2. Xi'an Jiaotong University,
School of Energy and Power Engineering, Xi'an 710049, China)

Abstract: The leaching behavior of R7T7 borosilicate glasses with different waste loading amounts was evaluated via hanging the
static immersion method at different temperatures and two leaching systems (i.e., deionized water and simulated North Mountain
groundwater) for 365 days. The changes of etched layer phases, morphology, and composition with leaching time were also analyzed
by X-ray diffractometry, scanning electron microscopy-X-ray energy spectrometry, and inductively coupled plasma mass
spectrometry. The results show that the glass starts to appear in heterogeneous phases when the loading amount of waste exceeds 20%,
and its composition is mainly molybdenum-rich materials and noble metals. The results of leaching experiments reveal a positive
correlation between the mass loss rate of the glass and the leaching temperature. In the initial leaching phase, the three elements Na,
Si, and B were leached at a higher rate in deionized water rather than in simulated Beishan groundwater, while after equilibration the
three elements were leached at comparable rates in both leaching agents. The surface of the glass has a variety of crystalline phases
generated after 365 days of leaching, mainly in spherical, floral, and prismatic and honeycomb morphologies, consisting mainly of
components such as Mg—Si—O and Si—Nd-Gd-O. Based on the analysis above, the leaching process of glass solid is controlled due to
the ion diffusion mechanism and glass network dissolution mechanism. The results of these studies can provide the data to support
the future safety evaluation of high-level radioactive glass waste in geological disposal processes.
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Table 1 Composition of R7T7 glass with different waste loading amounts (mass fraction, w)

Loading amount W (in terms of its oxide)/%

Ingredients used in nitrate

Loading amount w (in terms of its oxide)/%

Oxide
18% 20% 22% 25% 30% formulation 25%
Na,O 10.7190 11.197 8 11.676 5 12.394 6 13.5915 NaNO; 33,9828
Gd,04 2.7610 3.067 8 33746 3.8348 4.601 7 Gd,05 3.8348
MoOs 1.3592 1.5102 1.661 2 1.8877 2.2653 Na,MoO4:2H,0 3.1729
Cr,03 0.692 3 0.769 3 0.846 2 0.961 6 1.1539 Cr,03 0.961 6
ZrO, 1.119 1 1.243 5 1.367 8 1.5543 1.8652 ZrO, 1.5543
Fe,O3 0.7210 0.801 1 0.8813 1.001 4 1.2017 Fe(OH); 1.3400
NiO 0.648 7 0.720 7 0.792 8 0.900 9 1.081 1 NiO 0.900 9
Nd,0; 1.916 0 2.128 8 23417 2.661 1 3.1933 Nd(NO3);-6H,0 6.932 8
BaO 0.603 3 0.670 3 0.7373 0.8379 1.005 5 BaO 0.8379
CeO, 0.813 6 0.904 0 0.994 4 1.1300 1.356 0 Ce(NOs)3-6H,0 2.8502
RuO, 04150 0.461 1 0.507 2 0.576 4 0.691 6 RuO,-H,O 0.654 4
PdO 0.3792 04213 0.463 4 0.526 6 0.6319 PdO 0.526 6
SrO 0.240 7 0.267 4 0.294 2 0.3343 0.401 1 Sr(NO;3), 0.6827
La,O3 0.3380 0.3755 04131 0.469 4 0.563 3 La,O3 0.469 4
Cs,0 0.2872 0.3191 0.3510 0.398 8 0.478 6 CsNOs 0.5516
Y,03 0.148 7 0.1652 0.1817 0.206 5 0.247 8 Y(NO3);-6H,O 0.700 3
I 0.076 5 0.0851 0.093 6 0.106 3 0.127 6 Nal 0.125 6
P,0s 0.003 2 0.003 6 0.003 9 0.004 4 0.005 3 (NH4);PO4:3H,0 0.012 6
In,03 0.005 4 0.006 0 0.006 7 0.007 6 0.009 1 In,03 0.007 6
SnO, 0.005 7 0.006 4 0.007 0 0.007 9 0.009 5 SnO, 0.007 9
Sb,05 0.003 2 0.003 6 0.004 0 0.004 5 0.005 4 Sb,05 0.004 5
Ag,O 0.000 5 0.000 5 0.000 6 0.000 7 0.000 8 AgNO; 0.001 0
CaO 5.256 4 5.128 2 5.000 0 4.8077 4.4872 CaO 4.8077
Li,O 2.102 6 2.0513 2.000 0 19231 1.794 9 Li,COs 1.923 1
Si0, 48.3590 47.179 5 46.000 0 44.230 8 41.2821 Si0, 44.230 8
B,0s 15.769 2 15.384 6 15.000 0 14423 1 13.4615 B,0Os 14.423 1
Al O4 5.256 4 5.128 2 5.000 0 4.807 7 4.4872 AlLOs 4.807 7
F2 B TOKFMES FRREFINEFRE
Table 2 Ion concentration of leaching agents of simulated Beishan groundwater and deionized water
Ton concentration/(ug-mL™)
Leachate N N o I - - I _
Na K Ca Mg HCO; Cl SOy NO;
Beishan groundwater 549 11.7 335 16.3 100 228.48 200 4
Deionized water 0.082 0.52 0.75 0.032
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Table 3 Results (X value) of elemental leaching and the fitting of corrosion data

Samples ' 4'10 T ' 40 C ' 6'0 T ' 60 C ' ?0 T ' 90 C
deionized water Beishan groundwater deionized water Beishan groundwater deionized water Beishan groundwater
20%, glass 0.37 0.40 0.45 0.39 0.42 0.38
20%, Na 0.22 0.28 0.47 0.22 0.34 0.31
20%, B 0.45 0.43 0.49 0.37 0.37 0.42
20%, Si 0.38 0.43 0.44 0.46 0.39 0.44
30%, glass 0.15 0.33 0.48 0.37 0.34 0.24
30%, Na 0.33 0.36 0.50 0.38 0.46 0.37
30%, B 0.37 0.50 0.33 0.33 0.35 0.34
30%, Si 0.24 0.47 0.49 0.47 0.42 0.36




5155 8

SEAGE e BN B S LR R T

1997

In[Cs/(ng-g™)]

In[C,

In[C/(ng-g )]

In[L,/(g-cm™2)]

B 40°C, deionized water
L A 60°C, deionized water v
@ 90°C, deionized water <
| —— 40 C, deionized water fit
—— 60 C, deionized water fit
90 C, deionized water fit

8
7
6
5 L
4
3
2

-1 . . .

® 40°C,
60 C,
90 C,
—40°C,
60°C,
90 C,

groundwater in Beishan
groundwater in Beishan
groundwater in Beishan
groundwater in Bei
groundwater in Beishan fit
groundwater in Beishan fit

®

4
A

2 3 4
In (¢/d)

(a) 20%, mass loss

In (#/d)

(c) 20%, Na
W 40°C. deionized water ® 40°C. groundwater in Beishan
A 0C. deionized water ¥ 60°C. groundwater in Beishan
6F & 9°C, deionized water € 90 °C, groundwater in Beishan
40°C, deionized water fit  —— 40 C, groundwater in Beishan fit

— 60 C, deionized water fit
|—— 90°C, deionized water fit

—60C,
—— 90 'C, groundwater in Beishan fit

groundwater in Beishan fit

In (¢/d)
(e) 20%, B

L W 40°C, deionized water °
A 60°C, deionized water v
_4 L @ 90°¢C, deionized water <
—— 40 C, deionized water fit
—— 60 C, deionized water fit
[~ 90 C, deionized water fit

40 C, groundwater in Beishan
60 C, groundwater in Beishan
90°C, groundwater in Beishan
—— 40°C,
— 60,
—— 90T,

groundwater in Beishan fit
groundwater in Beishan fit
groundwater in Beishan fit

In (¢/d)
(g) 20%, Si

.
= 2
1
0
-1
8
7
6
=5
o
34
§3
(=]
=9
1
0
6
= 4
on
&
=
< 2
-3
-4
_ -5
£ -6
Q
& 4
=
= -8

- —
< v
L)
A
=
A
]

2 3 4 5
In (¢/d)

(b) 30%, mass loss

‘C, deionized water ® 40T,

deionized water v 60T,
deionized water < 97T,
deionized water fit ~ —— 40 C,
[—— 60 C, deionized water fit ~—— 60 C,

90 ‘C, deionized water fit 90 C,

groundwater in Beishan
groundwater in Beishan
groundwater in Beishan
groundwater in Beishan fit
groundwater in Beishan fit
groundwater in Beishan fit

In (¢/d)

(d) 30%, Na
W 40°C, deionized water e wt,
A 60°C, deionized water v ¢,
@ 90°C, deionized water < wt,
——— 40 C, deionized water fit  —— 40°C,
—— 60 C, deionized water fit  —— 60 °C,
——90C, deionized water fit —— 90°C,

groundwater in Beishan
groundwater in Beishan
groundwater in Beishan
groundwater in Beishan fit
groundwater in Beishan fit
groundwater in Beishan fit

(f) 30%, B

B 40°C, deionized water ® 4w,
A 60 C, deionized water v 60T,
@ 90°C, deionized water < wcC,
——40C, deionized water fit ~ —— 40°C,
——60 C, deionized waterfit ~ —— 60 C,
90 C, deionized waterfit ~ —— 90 °C,

groundwater in Beishan
groundwater in Beishan
groundwater in Beishan
groundwater in Beishan fit
groundwater in Beishan fit
groundwater in Beishan fit

In (#/d)
(h) 30%, Si
B9 B A AR RS AR O A R A e 30 B LA i 2k

Fig. 9 Mass loss fitting curves of glass samples and element leaching amount fitting curves
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