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Absorption Behavior of TiN by Different Mold
Slags of High Titanium Steel
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Abstract: To address fish-like substances caused by TiN inclusions during high-Ti steel continuous casting process, five
potential mold slags for high titanium steel were designed. The TiN absorption behaviors and mechanisms by various mold
slags were investigated through integrated in-situ observation, rotating cylinder tests, and thermodynamic calculations. In-
situ observations revealed that the above five types of mold slags would react with TiN to produce bubbles , with CaO-SiO,-
ALO, (CSA)-based slag showing the strongest reactivity, followed by Ca0-Si0,-A1,0,-Ba0 (CSAB)-based slag. Rotating
cylinder tests demonstrated slowed TiN absorption rates of each mold slag was slow , where CSA mold slag achieved the
fastest rate of 3. 00x10™ mm/min at 1 520 °C, followed by CSAB mold slag (2. 46%10° mm/min). This was consistent with
the rules of in situ observation. Electron microscope observation, thermodynamic calculation and composition change be-
fore and after absorption of the reaction interface showed that the absorption rate of TiN by the protective slag was nega-
tively correlated with the thickness of the boundary layer of the reaction. TiN primarily reacted with Na,O oxidizer in slags,
with CSA slag exhibiting the highest Na,O activity and optimal absorption capacity. Its absorption mechanism is as fol-
lows: TiN reacts with the oxidizing components in the slag to generate TiO,, and TiO, enters the mold slag through diffu-
sion dissolution. Therefore, the activity of the oxidizing components in the mold slag can be increased to absorb and re-
move TiN after oxidation.
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Table 1 Designed chemical compositions of mold slags %
%% S0, Ca0 MgO ALO, Na,0 CaF, BaO
LCS 43 26 3 6 8 10 4

HCS 32 37 3 6 8 10 4
CSB 32 21 3 6 8 10 20
CSA 18 37 3 20 8 10 4
CSAB 18 21 3 20 8 10 20
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Fig. 1 Schematics of improved confocal microscope
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Fig. 2 Curves of temperature variation during the experiment
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Fig. 3 Schematic diagram of apparatus for dissolution of TiN

into mold slags
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Fig. 4  Absorption process of TiN sample by different mold slags : (a)L.CS, (b)HCS, (¢)CSB, (d)CSA, (e)CSAB
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Fig. 5 Morphology of TiN samples before and after experi-

ment : (a) before the experiment, (b) after the experiment
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Fig. 6 Dissolution rate of TiN sample in different mold slags
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Table 2 Comparison of slags compositions before and af-
ter dissolution of TiN sample %0

G5 RE Si0, Ca0 MgO ALO, Na,0 CaF, BaO TiO,

Les MZUACHT 42.98 28.84 298 5.89 7.68 7.85 3.78 -
WS 44.64 29.57 3.06 627 458 7.63 4.15 0.09

HES W UHT 3275 38.58 290 6.16 7.92 797 372 -
W5 34.13 4049 3.09 7.34 3.10 7.67 3.78 0.41

CSB W UHT 31.98 23.52 2.89 590 8.01 7.95 19.74 -
T WIS 33.73 24.83 295 623 3.75 7.43 20.87 0.22

csA WG 18.98 40.08 3.13 18.74 7.69 6.92 447 -
S 20.09 44.00 3.34 2021 1.16 6.19 4.45 0.57
CSAR MR 18.09 23.90 2.92 18.92 8.09 833 19.74 -
)G 19.22 24.87 3.12 2043 226 8.45 21.22 043
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Table 3 Activity of components in mold slags at 1 520 °C
G5 Asio, [ @10, ANg0 Acyr, Ay o,
LCS 9.61x107? 1.53x1073 1.34x107* 8.57x107* 1.02x10™ 2.10x10°° 6.50x107°
HCS 6.36x107° 9.66x107° 6.02x107 1.95x107° 8.72x1072 7.56x107° 2.82x107°
CSB 2.68x107? 3.04x107° 3.83x10™ 5.01x1077 9.50x107* 2.66x107° 8.01x107°
CSA 1.82x107 4.74x1072 2.65x107 1.28x107 8.62x1072 2.00x107 2.36x10°
CSAB 8.49x107 1.54x107 6.68x107° 4.97x107 9.22x107 7.28x107° 2.32x107°
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Fig. 7 Variation in the composition of the mold slag after ab-

sorption of the sample
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Table 4 Thermodynamic calculation results of TiN reac-

tion with different slags %
' RA Si0, CaO MgO ALO, Na,0 CaF, BaO TiO, TiN

Wi 43 26 3 6 8 0 4 - 2
LCS

Ji 43 26 3 6 8 100 4 0 2

AP 32 37 3 6 8 10 4 - 2
HCS

J§ 32 37 3 6 757 10 4 031 173

W32 21 3 6 8 10 20 - 2
CSB

J§ 32 21 3 6 798 10 20 0.01 1.99

B 18 37 3 20 g 10 4 - 2
CSA

Jg 18 37 3 20 514 10 4 197 028

W18 21 3 20 8 0 20 - 2
CSAB

J§ 18 21 3 20 683 10 20 0.8 127
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Fig. 8 line scanning results at the interface of different mold

slags and TiN samples : (a) LCS, (b) HCS, (¢) CSB, (d)

CSA, (e) CSAB
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