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Abstract

Vitrification technology has been gradually recognized as one of effective solidification methods for
concentrated boric acid wastes generated in PWR. Vitrification for low- and intermediate-level radioactive wastes
has a large volume reduction and good durability for the final products. A feasibility study for the vitrification of
concentrated boric acid wastes has been performed with developing the pre-treatment methods of powdered
wastes, glass compositions using glass formulation and demonstration test. The pre-treatment method is pelletizing
the powder type for stable feeding within cold crucible melter. The glass compositions should be developed
considering molten glass are related with wastes reduction. High contents of sodium and boron within borate
wastes give influence to waste loading. A variety of factors obtained from the demonstration test are reviewed,
which is wastes feeding rate, off-gas characteristics on stack and glass characteristics of final products such as
durability for implementing the wastes disposal requirement. The aim of this paper is to present the feasibility of
vitrification and review the solidification method for concentrated boric acid wastes and obtain the

physicochemical characteristics of solidified glass.
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Table 1. Compositions of candidate glass for DBW and W1B wastes.
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Class DBW W1B
Oxide Content at Content at Content at Content at Content at
Compound WL of 25 wi%| WL of 30 wt% | WL of 35 wt%| WL of 35 wt% | WL of 40 wt%

SiO, 50.95 59.43 61.11 60.80 60.26
ALO; 17.35 18.16 21.50 20.22 21.01
Li,O 5.96 10.11 14.14 12.32 12.82
Na,O 8.47 6.14 2,25 391 3.93
MgO 5.08 1.84 - 1.32 0.42
KO 2.96 1.60 - 1.43 1.56

others 8.03 2.72 1.00 - -

*) WL means waste loading

Table 2. Physical properties of candidate glass for concentrated boric
acid waste.

waseloading | BV | Gowm | sww | swe | B
PCT* B 1.65£0.10 | 6,60£0.44 | 4371138 | 4.10£1,90 | 3.77+1.37
(g/m2) Li 1.12£0.55 | 4.83£0.52 | 3.2840.94 | 3.17+1.38 | 2.90+0.91
Na | 0.8740.10 | 3.04+0.88| 1.60%0.53 | 2.11%1.44 | 1.76%0.78
Si 1.35%0.10 | 1.57+0.12| 1.82£0,08 | 1.79£0.06 | 1.68+0.12
Viscosity (poise) + 10 6 6 7 8
Conductivity(S/m) + 34+4 48+6 61£2 5414 50+3

1) 1,150C at CCM (cold crucible melter)
*) The values were calculated by using GlassForm program,
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Fig. 1. Making process of candidate glass on laboratory

Table 3. Effects of waste glass on processing and product performance

Component Processing Product
. O Increases viscosity .
SiO, - O Increases durability
- — reduces waste solubility
BO O Reduces viscosity O Low amounts increase, large
273 — Increases wastes solubility amounts decrease durability
O Reduces viscosity and resistivity o
Na,O . O Reduces durability
— Increases waste solubility
Lo O Same as Na20, but greater effect. | O Reduces durability,
2 — Increases tendency to devitrify. but less than Na,O
0 O Increases O Increases
a o L -
— redluces viscosity and waste solubility| — reduces durability
O Increases viscosil .
ALO;, ty . O Increases durability
i — tendency to devitrify
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Fig. 2. Stainless steel bottle and glass powder sample for PCT
test
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Table 4. Operation terms for demonstration experiment of concentrated
boric acid waste Class DBW W1B Feeding Main Operational
Parameters

Class DBW W1B
. Loading Glass/Weight(kg) BG/70 BG/70
Feeding .
Waste Loading(kg/h) 60(B) 18(W1)+15(B)
Bubbling Pressure(bar) 1.5~20
Main Bubbling Flow(Nm3/h) 0.5~1.0
Operational Molten Glass Height(cm) 18~20 (Max, 20)
Parameters Operation Temperature(C) 1,150£30
Cold Cap Area(%) 60~80
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Table 5. Compositions of developed candidate glass

Oxide DBW(wt%) W1B(wt%)
Compound BF BG W1BF WI1BG
Li,O 14,42 9.39 12.87 7.73
B,O, - 29.76 - 27.24
Na,0 1.92 6.09 4,46 7.64
MgO - 0.04 0.98 1.12
ALO, 21,04 13.68 21.29 13.62
SiO, 59.62 38.79 57.43 38.30
K,0 - 0.14 - 0.50
CaO - 0.11 0.9 1.80
710, 3.00 1.95 1.98 1.19
Fe,05 - 0.02 - 0.42
others - 0.03 - 0,44
Sum 100 100 100 100

Table 6. Comparison of reaching test results for candidate glass
and standard glass

Class BG WIBG SRL-EA
Experimental Duration(day) 7 7 -
Oven Temperature(C) 90 90 -
Sample Size(mesh) 100~200 100~200 -
Sample/Demineralized Water Weight(g/ml) 5/50 5/50 -
Leachate(pH) 9.75 9.82 -

Si Leach Rate (g/m?) 0.01 0.01 (2.24

B Leach Rate (g/m?) 0.46 0.22 {9.94

Na Leach Rate (g/m?) 0.12 0.13 (7.43

Li Leach Rate (g/m?) 0.39 0.21 (4.93
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Fig. 3. Characteristic curve for HTF differential pressure and
temperature appeared from vitrification demonstration test of
single/mixing wastes loading using concentrated boric acid and
DAW +boric acid wastes.
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Table 7. Results of ICP-AES Analysis for glass final product.
Component DBW(wt%) | W1B(wt%)
B,0; 25241.2* 38.3+1.8
Na,0 75504 | 95+t01
Sio, 44.840.4 33.3+1.2
LiO, 9.31+0.4 7.2+0.5
ALO, 1.8E11 | 105%05
Others 1.4+0.1 1.2+0.1
*) atb:aisaverage and b is std.
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Fig. 4. Distribution of off-gas concentration in stack

Fig. 5. Results of SEM analysis for glass final products. The left
glass is produced from singleness vitrification of boric acid waste
and the right glass is obtained from mixing vitrification of W1 and
boric acid waste.
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