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Abstract: The effect of La treatment on the transformation of inclusions in H13 steel was investigated by subjecting H13
die steel to vacuum induction melting and subsequently treating the molten steel with La under an argon atmosphere protec-
tion. The results demonstrate that La has a beneficial effect on inclusions in H13 steel, the number of inclusions increases
with the increase of La content, while the average size of inclusions initially decreases and then increases. The inclusions
in H13 steel without the rare earth La additions are primarily Al,03 and MnS. However, with a La content of 0. 016% in
H13 steel, the dominant inclusions shift to La,0,S. When the La content in H13 steel is 0. 016%, the inclusions in the
steel are mainly La,0,S; Furthermore, when the La content reaches 0. 045% and 0. 073%, the predominant inclusions in
steel become LaP and La,0,S. Thermodynamic calculations show that the transformation process of La-treated inclusions is
Al,0,—LaAlO;—La,0,S in molten steel at 1 600 ‘C. During the solidification process, La,S; is initially precipitated in the
molten steel. As the temperature continues to decline, LaP begins to precipitate on the surface of La,S, and La,0,S, ulti-
mately forming the composite inclusions La,0,S-LaP and La,S,-LaP.
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Table 1 The main chemical composition of H13 hot work die steel %
% C Si Mn Cr Mo \ Al P S 0 La
S1 0.38 1.08 0.398 5.13 1.29 0.887 0.018 2 0.017 8 0.003 0 0.002 20 -
S2 0.37 1.08 0.398 5.13 1.30 0.890 0.018 3 0.017 6 0.000 8 0.000 59 0.016
S3 0.38 1.08 0.395 5.13 1.31 0.887 0.018 5 0.017 8 0.000 9 0.000 39 0.045
S4 0.37 1.07 0.396 5.13 1.30 0.889 0.018 3 0.017 3 0.000 8 0.000 65 0.073
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Fig. 1 SEM images and EDS results of typical inclusions in Slexperimental steels: (a) ALLO,, (b) ALO,~MnS

&2 S22 (a) LaS, (b) La,0,8
Fig. 2 SEM images and EDS results of typical inclusions in S2 experimental steels: (a) LaS, (b) La,0,S

El3  S3R1S4 5L LRI 42 %) : (a) La,0,8-LaP, (b) LaS-LaP
Fig. 3 SEM images and EDS results of typical inclusions in $3-S4 experimental steels: (a) La,0,S-LaP, (b) LaS-LaP
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Fig. 4 Statistical results of inclusions in experimental steel: (a) number density and average diameter, (b) diameter distribution
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Table 2 Interaction coefficients of elements i and j in molten steel at 1 600 °C

JLFE C Si Mn Cr Mo La S Al 0 p N
La -0.024 - 0.280 - - -0.008  -4.800 -2.649  -5.000 1.734  -6.549
-0.450  -0.1310  -0.021  -0.040  0.0035  -0.300 -0.570  -0.133  -3.900 -0.200  0.070 0.057
S 0.110 0.0630  -0.026  -0.011  0.0027 -0.016 -1910  -0.028 0.035 -0270  0.029 0.010
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Table 3 The thermodynamic data of reactions of [La]
with [O] and [S] at 1 600 °C
Ak 2 A
2[La] + 3[0] = La,0,(s)

AG’/(J+mol™)
- 1511520 + 379.5T

2[La] + 2[0] + [S] = La,0,5(s) - 1425820 + 3517

[La] + [S]= LaS(s) - 445180 + 141.5T

2[La] + 3[S] = La,S,(s) - 1200900 + 4257
3[La] + 4[S] = La;S,(s) - 1738380 + 609.60T

x4 LaRkZYHRNFRHRBEY

Table 4 Thermodynamic transformation conditions of La

inclusions
AW P2
LaS—La,S, lga,, =-8.30
La,S,—La,S, lga, =-3.17

LaS—La,0,S
La,S,—La,0,S
La,S;—La,0,5
La,0,5—La,0,

2lga,y, — lga, = -60.34
6lga,,, — Slga = —164.43
lgay— lgag = —26.88
lga,,— lga,, = -4.78

2lga, — lgas =-60. 34 (5)
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