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Smelting Process Practice to Improve the Cleanliness and
Polishling Proptice of Die Steel

LiuYong , Zhang Yunfei, Zhao Yingli, Zhao Nan, Zhao Zhengrong, Fan Mingqiang, Tian Zhiqiang
(Special Materials Research and Development Center, Material Technology Research Institute of HBIS Group,
Shijiazhuang, 052165 China)

Abstract: In order to solve the problem of poor mirror polishing effect of steel used in plastic die, the polishing efficiency
of die steel is improved by optimizing smelting process. The results showed that the mirror effect was closely related to the
purity of steel. From the electric arc furnace burden structure, deoxidization system, LF refining furnace argon blowing
control, high vacuum degree cycle of VD vacuum furnace and mold casting process optimization , more comprehensive im-
provement measures were taken, that is, increasing the use of DRI, using silicon predeoxygenation, optimizing the argon
blowing control of steel ladle bottom and improving the high vacuum cycle of VD. The effective size of inclusions de-
creased from 27.93 wm to 23. 65 wm before optimization. The number density of inclusions decreased from 256 / cm® to
176 / ¢cm®, and the number density of inclusions decreased by 31.2%. The total amount of B and DS and TiN inclusions
was controlled, and the customer satisfaction of polishing performance was recognized.
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Macrostructure and metallographic structure of "pitted" defect sample of H13 die steel : (a) macrostructure, (b) D inclusion,
(C) B inclusion
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Table 1 Chemical composition of inclusions in H13 die

steel %
JLHR Jivsivig s oA
N 15.34 38.89
Ti 56.24 41.69
\4 24.74 17.24
Cr 1.21 0.82
Fe 1.64 1.04
Mo 0.84 0.31
S 100.00 100.00
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Fig. 2

(b) inclusion energy spectrum

Inclusion morphology and energy spectrum analysis of "pitted" defect samples of H13 die steel: (a) inclusion morphology,
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Fig. 3 Different inclusion types of H13 die steel: (a)class B inclusion, (b)class D inclusion, (C)class TiN inclusion
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Fig. 4  Changes of nitrogen content with DRI of H13 die steel
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Table 2 Comparison of nitrogen enhancement in different precipitation deoxygenation modes
pike s, DR ke KR LF JEfy, = A/ kgk/ H K/ T A R/
B B et BaU% BRI% T BRI G0 () (kget) kgt
1 0.08 1637 0.056 4 0.008 6 0.0103 0.001 7 1.0 - 10 -
2 0.09 1630 0.0432 0.007 8 0.009 4 0.001 6 1.0 - 10 -
3 0.06 1627 0.069 3 0.008 1 0.0115 0.003 4 1.0 - 10 -
4 0.10 1 641 0.032 1 0.007 0 0.010 8 0.003 8 1.0 - 10 -
5 0.08 1621 0.076 4 0.006 7 0.0124 0.005 7 1.0 - 10 -
6 0.05 1645 0.068 7 0.012 1 0.013 4 0.001 3 1.0 - 10 -
7 0.11 1633 0.058 8 0.008 8 0.009 9 0.001 1 - 1.5 - 10
8 0.07 1620 0.071 1 0.007 2 0.008 7 0.001 4 - 1.5 - 10
9 0.06 1619 0.075 3 0.008 0 0.008 9 0.000 9 - 1.5 - 10
10 0.06 1642 0.063 4 0.008 1 0.009 3 0.001 2 - 1.5 - 10
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Fig. 5 Relationship between bottom blowing strength and de-
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Fig. 6  Optimization of argon blowing in LF process and com-

parison of process increment
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Table 3 LF bottom blown argon flow rate at each stage
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Table 5 Relationship between nitrogen removal rate and
vacuum degree

VD EL% e B A
J/Pa [8]/min

SR B B

4 15 0.0117 0.007 8 0.003 9 33
8 15 0.017 6 0.008 0 0.009 6 55
35 15 0.010 4 0.007 5 0.002 9 28
8 15 0.016 8 0.009 4 0.007 4 44
10 15 0.0122 0.006 4 0.005 8 48
9 15 0.009 9 0.006 0 0.003 9 39
60 15 0.020 3 0.0153 0.0050 25
50 15 0.013 4 0.0107 0.002 7 20
30 15 0.0154 0.0115 0.003 9 25
80 15 0.0112 0.0102 0.001 0 9
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Fig. 7 Comparison of process optimization for nitrogen addi-
tion of H13 die steel
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Fig. 8 Polishing test of H13 die steel
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