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Table 1 Chemical composition of H13 hot-working die steel smelted by different processes

Btk o8/ %
5 HHET L
C Si Mn Cr Mo \Y% S P H O N
17 VIM+VAR 0.36 1.00 0.38 5.11 1.31 0.92 0.000 6 0.005  0.00007 0.0007  0.0014
2°  EAF+LF+VD+PESR  0.37 1.07 0.43 5.20 1.48 0.93 0.000 9 0.011 0.00005  0.0008  0.007 4
37 EAF+LF+VD 0.40 1.06 0.36 5.12 1.32 0.93 0.0011 0.017  0.00006  0.0018  0.016 0
47 EAF+LF+VD-+ESR 0.40 0.99 0.45 5.10 1.41 1.04 0.002 6 0.014  0.00016 0.0013  0.0091
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Table 2 Types and content of inclusions in different test

steels smelted by different processes

i %
Sy — — - -
ok VTR 2 T80k STERE & TARE
I A5 A5 T

BEARR AL A 52.73 68.84 70.36 45.99
R 14.55 6.85 18.76
LRy 4.00 2.97 10.62
TifLss 6.18 5.93 5.85

T Abs 0.59 6.62 14.01
HoAth 22.54 21.67 10.32 10.62
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Table 3 Area and quantity statistics of inclusion in different

test steels smelted by different processes
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Fig. 1 Micromorphology of inclusions in different test steels smelted by different processes: (a—c) magnesium aluminate spinel, oxide and

. 2 um

(a) PIZREREM, FRReEA (b)) VIZAKREN, St

() 3*TZEHAMN, Mikid

e

(o) VI ZEHEAEEN, Mis (d) 2* TZR5K05R, %i%%a‘eﬁ

|

(k) 4 TZABIRIW, BN

() AT EEERRN, BiE

calcium sulfide in 1* process smelting test steel; (d—f) magnesium aluminate spinel, oxide and calcium sulfide in 2* process smelting test steel;

(g—j) magnesium aluminate spinel, oxide, calcium sulfide and maganese sulfide in 3* process smelting test steel and

(k-n) magnesium aluminate spinel, oxide, calcium sulfide and maganese sulfide in 4° process smelting test steel
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Table 4 EDS analysis results of inclusions at

different positions shown in Fig. 1

‘ T8/ %
for
Al Mg O Ca Mn S
I 34.27 2279 3279 5.36 4.79
| 61.38 3.66  31.67 3.29
1] 12.53 3.88  13.27  38.69 31.63
v 6.82 7.16 7.92 3.72 34.87  39.51
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Fig.2 SEM morphology of different test steels smelted by different processes after tempering:(a) 1* process smelting test steel;

(b) 2" process smelting test steel; (c) 3" process smelting test steel and (d) 4" process smelting test steel
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Table 5 EDS analysis results of different positions

shown in Fig.2
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(A=
Al Mg 0 Ti N
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Fig.3 Tempering hardness and impact toughness at room
temperature of different test steels smelted

by different processes
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Fig. 4 Tensile properties at room temperature of different test steels

smelted by different processes
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Fig. 5 SEM morphology of tensile fracture surface of different test steels smelted by different processes: (a—d) overall morphology of 1%, 2%, 3", 4*

process smelting test steels and (e—h) magnified morphology of radialarea of 1%, 2, 3%, 4’ process smelting test steels
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Fig. 6 SEM morphology of inclusions on tensile fracture surface of different test steels smelted by different processes: (a) 1* process smelting

test steel; (b) 2 process smelting test steel; (c) 3" process smelting test steel and (d) 4" process smelting test steel
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Table 6 EDS analysis results at different positions shown in Fig. 6

\ B/ %
fir .
Al Mg O \Y% Mo Cr Fe Mn S
1 43.34 6.26 7.14 43.26
2 17.01 19.05 36.31 4.39 2.33 20.91
3 13.43 32.69 40.45 2.84 10.59
4 5.35 45.43 27.29 21.93
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Characteristics of Non-metallic Inclusions in H13 Steel Produced by Different
Smelting Processes and Their Effect on Mechanical Properties

DI Yingnan, MA Dangshen, ZHOU Jian, CHI Hongxiao, GU Jinbo

(Institute of Special Steels, Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: H13 hot-working die steel was smelted by vacuum induction melting+vacuum arc remelting

(VIM+VAR), electric arc furnace+ladle furnace+vacuum degasses—+protective atmosphere electroslag remelting
(EAF+LF+VD+PESR), EAF+LF+VD and EAF+LF+VD-electroslag remelting (ESR) processes, and then

was treated with high temperature diffusion, rolling, austenitizing and tempering. The characteristics of non-metallic

inclusions in H13 steel produced by different smelting processes and their effect on mechanical properties was studied.

The results show that the tempered microstructure of the test steel produced by four smelting processes was composed

of tempered martensite +undissolved carbide+precipitated carbide. The test steel produced by VIM+ VAR process had

the lowest content and small-sized non-metallic inclusions, indicating high cleanliness, which led to the best mechanical

properties. The test steel produced by EAF+LF+VD process had the highest content and large size of non-metallic

inclusions, and the carbide particle breakage appeared, resulting in the lowest plasticity of the steel. Small and few non-

metallic inclusions were not easy to be crack sources to accelerate material fracture during the tension process, so higher

cleanliness could improve the mechanical properties of H13 steel.

Key words: smelting process; non-metallic inclusion; hot-working die steel; impact toughness; tensile property



