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Abstract: In the two-step cold crucible induction melting vitrification process, the Leidenfrost effect can
lead to the formation of a vapor layer on the furnace tube when high level liquid waste( HLLW) is
introduced. This phenomenon occurs due to the high temperature of the rotary calciner, preventing the
initial batch of liquid from fully evaporating and calcining. Additionally, excessive feed quantities increase
the risk of high level liquid waste exiting the furnace prematurely. To address this, excess heat must be
removed by introducing water(or high level liquid waste) before feeding the HLLW, a procedure known as
the calciner start-up process. This study investigated the effects of three start-up media: water, diluted
HLLW, and simulated HLLW at rotational speeds of 5 r/min, 15 r/min, and 30 r/min on both low- and
high-temperature start-up processes. The results of verification test indicate that for low-temperature start-
up, water is the most effective medium, followed by diluted HLLW and simulated HLLW. The

recommended parameters are a rotational speed of 15 r/min and a flow rate of 40 L/h. For high-temperature

s B #8: 2023-12-13; 1£1T H#3: 2024-03-27
EL£WH: 5L 5RH I H (BG202312100403)
*EEBRRAAN: K


https://doi.org/10.7538/hhx.2025.47.02.0142

S8 B RS OB R I BB B R B0 R

143

start-up, simulated high level liquid waste with sucrose and diluted HLLW have similar effects, both of

which are superior to water. The suggested parameters are a rotational speed of 30 r/min and a flow rate of

80 L/h. The feasibility of these start-up processes was confirmed through experimental validation. These

findings provide valuable insights for optimizing the rotary calciner process and advancing the engineering

application of the two-step cold crucible induction melting vitrification technique.

Key words: rotary calcination furnace; start-up; water; simulated high level liquid waste; rotational

speed
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Table I Composition of simulated high level liquid
waste containing slag water
Fan] Bk (gL ) R B/ (gL )
NaNO; 13.99 SeO, 0.29
AgNO; 0.16 Sm(NO;);*6H,0 241
Ba(NO,), 4.54 Sno, 0.22
Cd(NO;), 0.29 Sr(NO;), 2.39
Ce(NO;);°6H,0 7.38 TeO, 1.85
CsNO; 4.82 Y(NO3);*6H,0 1.80
Eu(NO,)y*6H,0 0.41 Zr(NO;),5H,0 17.67
GA(NO,)y*6H,0 0.46 NaMnO,*3H,0 1.72
La(NO,),*6H,0 532 Pr(NO,);+6H,0 341
Na,Mo0,*2H,0 22.11 RbNO; 0.79
Nd(NO,);*6H,0 13.62 Co(NO;),*6H,0 9.53
Ni(NO,),*6H,0 3.50 Ag 0.001
70, 5.84 (125.00)
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Fig. 1 Schematic diagram of rotary calcination furnace
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Fig.2 Leidenfrost effect in rotary calcination furnace
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Table2 Leidenfrost temperature point of common metals
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Fig. 3 Liquid level height of water in rotary calcintion furnace
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Table 3 Results of water low-temperature start-up test

%34/ (remin™) Wi/ (Leh™") RS
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TR P AESS = X i B
5 40 /K34 min, PR FK
5 50 /K 14 min, J R HK
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TR PSS = X B
15 50 HE7K20 min, ¥R FK
30 40 /K40 min, #ERFIK,
TR AR = X P
30 50 7K 13 min, #REHK

E: A BEK
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Table 4 Low-temperature start-up test results of simulated HLLW and diluted simulated HLLW
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Fig.4 Phenomena of low-temperature start-up process test
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Table 5 High-temperature start-up test results of three media
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Fig. 5 Changes in calcinate discharge during low-temperature(a) and high-temperature(b) start-up
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