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Study on Crystallization and Solidification Behaviors of CaO-
SiO, -AlL,O, Mold Slags with Hot Thermocouple Technique
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Abstract; A mold slag based on CaO-SiO,-Al,O, system was designed for casting high-aluminum
peritectic steels. Single hot thermocouple technique (SHTT) was applied to study the impact of
w(Ca0O)/w(AlL,O,) on crystallization behaviors. Double hot thermocouple technique (DHTT)
was used to simulate the formation of slag film and define the impact of w( CaO)/w( Al,O,) on
solidification fraction. The results show that the slags can be divided into two groups according to
crystallization characters: the group with w( CaO)/w( AL, O;) higher than 1. 30 (Group I ) has a
higher tendency of crystallization than that with w(CaO)/w( Al,O,) lower 1.30 (Group I ).
Cuspidine (Group I ) and dicalcium silicate ( Group I ) were precipitated respectively in these
two groups during isothermal process. As the w(CaO)/w( AL O,) increased, the crystallization
tendency increased sharply which causes the solidification fraction in slag film increased. The slags
were also compared with industrial slag used for casting common peritectic steels, showing that the
slags with w(CaO)/w( Al,0,) <1. 30 have similar properties with industrial slag. The designed
Ca0-Si0,-Al,O;slag can be used in casting high-aluminum peritectic steels.

Key words: CaO-SiO,-AlL O, mold slag; w(CaO)/w( AL,O,) ; crystallization behaviors; slag
film simulation; solidification fraction
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Fig. 1 Phase diagram of CaO-SiO,-Al,O, system
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Table 1 Composition of slags designed for experiments

JEAE %

No. w(Ca0)/w(ALO,)  NBO/T
Ca0  Si0, ALO, CaF, Na0O MgO Li,0 B,0,
1 2208 17.88 31.44 13.32 898 270 1.79 1.8l 0.70 0.96
2 2437 19.74 24.33 1470 9.91 298  1.98  2.00 1.00 1.39
3 27.07 20.14 20.59 1499 10.11  3.04 2,02  2.04 1.30 1.71
4 29.64 20.01 18.35 14.90 10.05 3.02  2.00  2.03 1.60 1.96
5 3142 20.10 16.33 14.97 10.09 3.04 2.0l  2.04 1.90 2.19
6 3325 19.87 15.10 14.80 9.98  3.00  1.99  2.02 2.20 2.38
7 3414 20,08 13.67 14.95 10.08 3.03 2.01  2.04 2.50 2.55
8 3522 20.07 12.61 14.94 10.08 3.03 201  2.04 2.80 2.71

T - NBO/T (B 5 {547 s vPr = A5 SRR S0 LA
1.2 SWHE

1) SEEGTE A B ) 25 . R e T 2 T i AR s
AT B A Si - Mo RSN 1350 THE

Uit 20 min , 5] RY , RBR A ORI TEAT A ;
BT 8RR S B R ORY R A AR R BE N T
0.075 mm).
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Fig. 2 Temperature profiles for SHTT and DHTT
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Fig. 3 Crystallization process of a mold slag
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Fig. 4 Effect of w(CaO)/w(Al,O,) on incubation
time of mold slags (TTT diagram)
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Fig. 5 XRD pattern of crystallization phases
precipitated during TTT experiment

(a)—w(Ca0)/w(Al,0;) =1.0;
(b)—w(Ca0)/w(Al0,) =2.5.
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Fig. 6 CCT diagrams of mold slags

(a)—w(Ca0)/w(ALO,) =1.0; (b)—w(Ca0)/w(AlLO,) =2.5.
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Fig. 7 Plots of Kissinger equation for mold slag at various cooling rates
(a)—w(Ca0)/w(AL0,) =1.0; (b)—w(Ca0O)/w(AlL0,) =2.5.
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Fig. 8 Schematics of DHTT measurement process
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Fig. 9 Variation of solidification fraction with time
for different w( CaO)/w(Al,O,)
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Table 2 Comparison of crystallization and solidification properties between experimental and industrial slags
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