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Feed-to-Glass Conversion and Modeling During High-Level Liquid Waste Vitrification

XU Dongging'~, LI Luyao'?, JIA Zigiang'?, XU Kai'?
(1. State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China;
2. CNPE-WHUT Joint Laboratory of Nuclear Waste Vitrification Technology, Beijing 100840, China)

Abstract: The feed-to-glass conversion within the cold cap and the mathematical modeling of the process are of great concern for the
accurate simulation of the melter for vitrification of high-level liquid waste (HLLW). To figure out the feed-to-glass conversion
during the HLLW vitrification, the phase transitions and structural features within the cold cap were investigated. The results show
that the cold cap consists of the upper reaction layer (at 100-700 “C) and the lower foam layer (at 700—1 000 ‘C). The dehydration
and nitrate decomposition occur in the reaction layer, while the continuous melt as well as the formation and dissolution of
intermediate phases appear in the foam layer. The reaction layer can be simplified into a one-dimensional mass transfer model based
on the mass conservation equation and experimental results. Subsequently, the kinetic equation of feed-to-glass conversion is
proposed to quantitatively describe the three reaction rates of dehydration (at 100400 C), and melting (at 200-300 C) and
decomposition (at 400-700 ‘C) of nitrates as functions of temperature in the reaction layer, providing some crucial parameters for
melter simulation.
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Table 1 Compositions of simulated high level liquid waste
(HLLW) and glass frit feed

Simulated HLLW c/(g'L™")  Glass frit feed ~ Mass fraction W/%
NaNO; 113.95 Si0, 42.32
Fe(NOs);'9H,0 99.68 H;BO; 20.52
La(NO;);-6H,0 39.87 CaCOs 11.31
Ni(NOs),-6H,0 14.02 Na,CO; 7.07
Al(OH); 13.49 Li,CO;s 5.08
Cr(NOs);-9H,0 9.53 BaCOs 4.21
Na,SO4 8.15 MgO 4.12
V,0s 5.00 Al O4 3.49
H,Mo0O, 1.33 V,0s5 1.41
KNO; 1.14 Sb,0s 0.47
CsNO; 1.01

TiO, 0.91

NH4H,PO,4 0.82

Sr(NOs), 0.54

Y(NO3);-6H,0O 0.33

Ba(NOs), 0.22

KMnO4 0.15

Total 310.12 Total 100.00
HNO3(mol/L) 1.5

¢ is component concentration in HLLW, and w is mass fraction.
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Table 2 Target compositions of the simulated HLLW

waste glass wW/%

Component Simulated HLLW Glass frit Waste glass
SiO, 4491 4491
B,0; 12.26 12.26
CaO 6.72 6.72
Na,O 6.68 4.39 11.07
MgO 4.37 4.37
AL O3 1.31 3.70 5.01
BaO 0.02 3.47 3.49
Li,O 2.18 2.18
V105 0.74 1.50 2.24
Sb,0s 0.50 0.50
TiO, 0.13 0.13
Fe,03 2.92 2.92
La;O3 222 2.22
SO3 0.68 0.68
NiO 0.53 0.53
Cr,0; 0.27 0.27
MoOs3 0.17 0.17
Cs,0 0.11 0.11
K,0 0.08 0.08
P,0s 0.06 0.06
SrO 0.04 0.04
Y03 0.01 0.01
MnO, 0.01 0.01
SUM 16.00 84.00 100.00

La,0; is instead of UO,.
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(a) TG-DSC curves of simulated HLLW dry powder

(b) TG—DSC curves of glass frit

Ts is reaction start temperature, Tg is reaction end temperature, T is glass

transition temperature, and Endo is short for endothermic
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Fig. 1 TG-DSC curves of samples at the heating rate of
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Fig. 2 TG-DSC-MS curves of the feed at the heating rate of
10 “C/min
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(a) XRD patterns of simulated HLLW dry powder
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(b) XRD patterns of feed after heat-treatment
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Fig. 3 XRD patterns of samples at different temperatures
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(b) Phase transformations of feed
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Fig. 4 Summary of phase transformations of samples after
heat-treatment at different temperatures
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Bl S ANIRRLRE T VAR o = 4 2 by T R 2 T v T 30 1)

Fig. 5 Cold cap layer diagrams of three-dimensional structure and surface micromorphology at different temperatures

Foam  °tormationand dissolution of mntermediate silicates
layer (700 T <7< 900 C)
« Formation of glass (7= 1000 C)

j is mass flux, X is position in the coordinate system, and h is thickness of the reaction layer.
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Fig. 6 Schematic diagram of cold-cap structure and chemical reactions occurred in different layers
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