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Investigation of Thermal Plasma Melting of Typical
Intermediate and Low Level Radioactive Wastes from Nuclear

Power Plant
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(China Nuclear Power Technology Research Institute, Shenzhen 518124, China)

Abstract: In this pilot scale testing research, two typical intermediate and low level radioactive wastes from the nuclear
power plant were vitrified with thermal plasma. Both samples were melted at 1250 ‘C for 100 min, and the XRD patterns
of both glass waste-forms presented as the typical amorphous state. Co,03, SrCO3, CsCl had been added to the original
wastes as the radionuclide tracer for simulating the containment effect of radionuclide in the process of vitrification. The
physical, leaching and mechanical performance of resultant glass waste-forms were tested, showing the comparable
requirement with the high level radioactive waste glasses and better mechanical properties than cement waste-form.
Finally, we discussed the prospect of the current work and proposed issues to be resolved.
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Table 1 Composition of two typical radioactive wastes from nuclear power station

Composition of two typical radioactive waste (w/ %)

Original wastes

SiO, B,0; Na,O CaO MgO CuO TiO, ZnO Fe,03 Al,03
Heat insulating waste (BX) 71.7 2.27 15.68 7.88 2.0 0.486
Incineration ash of conton
149 4.07 1.01 74.6 3.01 2.38

production (MZ)
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Fig.1 Simulated radioactive waste: (a) heat insulating waste; (b) incineration ash of conton production
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Table 2 Glass melter feed composition and the addition of tracers !

Glass melter feed composition (w/%)

Addition of tracers (w/%)

Samples

Original wastes H3BO3 Na,CO3 Al,O3 SiO, C0,03 SrCOs3 CsClI
BX 77 23 0.212 0.232 0.224
Mz 45 12 15 28 0.195 0.221 0.194
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Fig. 2 Photo of plasma melting system
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Fig. 3 Variation of power of plasma torch with time
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Fig. 4 Variation of temperature of melting furnace with time
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Fig. 5 Glass waste-forms: (a) heat insulating waste; (b) incineration ash of conton production
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Fig. 6 XRD patterns of glass waste-forms: (a) heat insulating waste; (b) incineration ash of conton production
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Table 3 Physical properties of glass waste-forms

. 3 Weightlessness Compression Shock
Samples Density (g/cm®) ) . )
(g/m?) strength (MPa) resistance (cm</J)
1# 2.52 48 74 85
2# 2.62 35 95 79
3# 2.52 47 78 79
BX
44 2.54 3.8 81 8.2
Mean value 2.55 42 82 8.125
Standard deviation 0.047609523 0.64807407 9.128709292 0.287228132
1# 2.82 5.9 136 9.2
2# 2.6 7.1 123 104
3# 2.61 6.8 129 9.6
Mz
4# 2.69 6.8 124 10.7
Mean value 2.68 6.65 128 9.975
Standard deviation 0.101653005 0.519615242 5.944184833 0.694622199
* 4 BHHELARIUR SR
Table 4 Leaching performance of glass waste-forms
Normalized leaching rate/g/(m? d)
Samples
Si B Na Cs Co Sr
1# 0.362 0.497 0.008 0.355 -
2# 0.258 0.372 0.006 0.257 -
3t 0.359 0.516 0.008 0.332 -
BX 4# 0.277 0.399 0.006 0.272 -
Mean value 0.314 0.446 0.007 0.304 -
Standard
o 0.054264783 0.071147734 0.001154701 0.046968074 -
deviation
1# 0.259 0.353 0.409 0.004 0.608
2# 0.324 0.447 0.496 0.006 0.726
3# 0.301 0.424 0.471 0.005 0.693
Mz 44 0.308 0.412 0.468 0.005 0.685
Mean value 0.298 0.409 0.461 0.005 0.678
Standard
deviatl 0.027724838 0.040058291 0.036869138 0.000816497 0.049926613
eviation
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