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Table 1 Description of thermodynamic equilibrium test conditions of the corium

Initial composition, mass fraction

Maximum melting power/kW  Crucible diameter, ®/mm

Temperature/K Duration/min

First charges: ZrO; 92% + Fe 8%
Second charges: Fe 80%+Zr 20%

343
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Fig.1 Melting process of high temperature melts: (a) charging; (b) ignited stainless steel ring; (c) corium beginning to melt; (d) initial

molten pool forming; (e) stable state of the molten pool; (f) secondary feeding and molten pool cooling
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Fig.2  Macroscopic section diagrams of the ingot (a) and

schematics (b)
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Table 2 EDS analysis results of metal layer and oxide layer for

the ingot

Location Content  Fe Cr Ni Zr 0
ol% 7257 - - 2743 -

Top metal
mol% 81.21 - - 18.79 -

0, - - -

Oxide ingot ol% 75.24 24.76

mol% - - - 3481 65.19

/% 6090 7.92 509 26.09 -
mol% 67.50 9.43 5.37 17.70 -

Bottom metal
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Table 3 Average density of the oxide layer and metal B U R mMT A 5. ARIER 4 R H SRR AL B RE T 4>
layer for the ingot Brat BB 4 R S XRD WAl M 45 5, v & H 5#.
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Fig.3 SEM-BSE images of the characteristic position of oxide layer for the ingot: (a) marked sampling position of cross-sectional view

of the ingot ; (b, c) position 4#; (d, e) position 5#; (f, g) position 6#; (h, i) position 7#
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Table 4 EDS analysis results of the corresponding feature locations in Fig.3 (at%o)

Location Zr 0O Composition Location Zr 0O Composition
A 59.74 40.26 Zr-rich phase E 57.43 42.57 Zr-rich phase
B 34.19 65.81 ZrO; F 30.51 69.49 ZrO;
C 55.46 44.54 Zr-rich phase G 60.75 39.25 Zr-rich phase
D 32.40 67.60 ZrO; H 34.59 65.41 ZrO;
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Fig.4 XRD patterns of the characteristic positions of the oxide

layer for the ingot
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Fig.5 SEM-BSE images of the characteristics position of metal layer for the ingot: (a) marking sampling position of cross-sectional view

of the ingot; (b, c) position 1#; (d, e) position 8#; (f, g) position 9#; (h, i) position 10#
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Table 5 EDS analysis results of the corresponding feature

locations in Fig.5 (at%)

Location Fe Zr  Cr Ni Composition

A 67.88 32.12 Fe,Zr in the iron matrix

B 100.00 - - - Iron

C 67.98 32.02 FeyZr in the iron matrix
D 100.00 - - - Iron

E 60.06 39.94 Fe,Zr in the iron matrix
F 100.00 - - - Iron

G 58.53 31.74 3.74 5.98 (Fe,Cr,Ni)2Zr

H 81.81 - 14.87 3.32 Steel
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Fig.6  XRD patterns of the characteristic positions of the metal

layer for the ingot
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Fig.7 Sampling position at the crust of the ingot
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Fig.8 XRD patterns of oxidation crust of the ingot
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Fig.9 OM images of the interface between 2# metal layer and the molten oxide crust at the top of the ingot: (a) macroscopic topography

of interaction interface; (b, ¢) magnified images of the interface position in Fig.9a; (d, e) oxidation crust position in Fig.9a;

(f, g) oxide position in Fig.9a
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Fig.10 SEM image (a) and EDS element mappings (b~d) of the interface between 2# metal layer and the oxidized crust at the top of the
ingot: (b) Fe, (c) Zr, and (d) O
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Fig.11 SEM images (a~d) and EDS element mappings of Fe (e) and Zr (f) corresponding to Fig.11d for oxidation crust of the ingot:

(a, c) crust and (b, d) inclusions in the crust
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Table 6 EDS analysis results of the corresponding

characteristic locations in Fig.11b and 11d (at%)

Location Fe Zr 0] Composition
A 100.00 - - Iron
B 69.80 30.20 - Intermetallics Fe,Zr
C - 31.21 68.79 m-ZrO,
D 66.72 33.28 - Intermetallics Fe,Zr
E 100.00 - - Iron
F 5.76 29.70 64.54 m-ZrO,
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Reaction Mechanism of High-Temperature Corium Pool of Core
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Abstract: In order to simulate the transient phenomenon of retention in high temperature core melt of nuclear power plant, the mixture of

50 kg ZrO,-Fe-Zr system was melted by electromagnetic induction in a cold crucible. The phase and element distribution of oxide layer,

metal layer and oxide crust of solidified melt ingot were analyzed by XRD, SEM, EDS and so on. The results show that during the

formation of the 50-kg-scale initial molten pool, the high temperature molten material is separated into a two-layer structure of metal layer

and oxide layer due to gravity and incompatibility, and an oxidation crust is formed on and around the top of the molten pool. After that,

due to the secondary feeding to form a three-layer molten pool with the top liquid metal, the top metal molten pool can gradually settle to

the bottom of the molten pool by the oxide hard crust.

Key words: nuclear power safety; severe accident; in-vessel corium retention; molten zirconia; stratification mechanism
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