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Crystallization Behavior of Li,0-SiO,, Na,0-Si0, and Na,0-Ca0-Si0, Glasses

Koichi Tsutsum, Jun-ichi Ontake, Tetsuya Nacasaka and Mitsutaka Hino

Synopsis : It has been known that crystallization of mold powder is effective on the disturbance of heat transfer between mold and
solidified shell in production of middle carbon steel slabs in continuous casting process. But it has not yet been made
clear which composition of mold powder is the most suitable for crystallization.

The crystallization behavior of Li,O-SiO,, Na,0O-SiO, and Na,0-Ca0-Si0O, glasses was observed by differential
thermal analysis(DTA) and hot-thermocouple methods with DTA in the present work. As a result, addition of alkaline
metal and alkaline earth metal oxides to SiO, increased the critical cooling rate for glass formation in binary system of
Li,0-Si0, and Na,0-Si0, ,and Li,0-SiO, system crystallized easier than Na,O-SiO, system. In ternary system of Na,O-
Ca0-Si0,, addition of Na,O hurried the critical cooling rate at CaO/SiO, =0.93 mass ratio, but the rate was almost
constant in the composition range of more than 15 mass% Na,O. The slag of Ca0Q/SiO, =0.93 made the rate faster than
the slag of CaO/SiO,=0.47 at constant content of 10mass% Na,O.

Key words : mold powder ; crystallization ; alkaline metal silicate ; alkaline earth metal silicate ; DTA ; hot-thermocouple ; critical

cooling rate ; continuous casting ; CCT diagram.
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Table 1. An example of chemical composition of
mold powder for middle carbon steel
production®.

Si0, | Al,O3;| CaO F Na,0 | Li,0 | F.C.
311 2.1 |40.1(11.4| 4.0 | 3.9 2.9
(mass%)
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Fig. 1. Schematic diagram of hot-thermocouple
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Fig. 2. Principle of hot-thermocouple with differen-
tial thermal analysis.
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Fig. 3. Definition of critical cooling rate for glass

formation.
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Table 2. Experimental conditions.

DTA hot-thermocouple
sample weight [mg] 30~40 2~3
cooling start temp. [K] Melting point +100
cooling rate [K/s] 0.015~1 | 1~220
reference sample Al,05

Ca0 Note:'®' indicates sample No. ‘NCS1*
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Fig. 4. Phase diagram of Na,0-CaO-SiO, system.
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Table 3. Calculation conditions.

casting speed(m/min) 1.6
mold size(mm) 1950X%220
mold length(m) 0.95
super heat(K) 30

steel grade 0.16% carbon
Tu(K) 1799
Ts(K) 1767
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Fig. 5. Phase diagram and relation between compo-
sition of mol9%Li,0 and critical cooling rate
for glass formation in Li,O-SiO, system.
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Fig. 6. Phase diagram and relation between compo-
sition of mol%Na,O and critical cooling rate
for glass formation in Na,0-Si0O, system.
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