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Effect of Electroslag Remelting in Protective Atmosphere on
Composition and Inclusions of DZ2 High-Speed Axle Steel

Wu Zhonghua' , Guo Bo®, Wang Songwei', Wang Yutian', Zhang Jinwen'
(1 Technology Center of Shanxi Taigang Stainless steel Co. , Ltd. , Taiyuan 030003 ;
2 Section Plant of Shanxi Taigang Stainless steel Co. , Ltd. , Taiyuan 030003 )

Abstract The continuous cast round bloom of DZ2 high-speed axle steel is remelied by electroslag with argon protective
atmostphere and rolled into axle billets. The composition, hydrogen and oxygen content and the number, size and morphol-
ogy of inclusions in the axle billets are analyzed and detected, and the corresponding results are compared with that in the
axle billet rolled directly by continuous cast slab. The results show that after electroslag remelting, the C content of the axle
billet is more uniform at longitudinal and transverse direction (0.25% -0.27% C) , but average Al and Si content respec-
tively decreased from 0.25% and 0.018% in ingot head to 0.23% and 0.015% in ingot tail, hydrogen and oxygen content
respectively increased from 0.85 x 10 ™% and 9 x 10 ~% in cast bloom to 1.52 x 10 ~® and 10 x 10 "% in ESR ingot. The inclu-
sions in the ESR axle billets are mainly small-size spherical calcium aluminate, the size of inclusions above 10 pum is few,
and the number density between 5-10 wm is 0. 068/mm” and 1-5 pm is 0. 04/mm’ , which indicates that electroslag remelt-
ing in protective atmosphere can not only remove large inclusions, but also significantly reduce the number of small-size in-

clusions in steel.
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Table 1 Chemical composition range of DZ2 high-speed axle steel/ %

C Si Mn P S

Cr

Mo Ni v Al 0]

0.24 ~0.32 0.20~0.40 0.60~0.90 =<0.01 =<0.01

0.90~1.20 0.20~0.30 0.50~1.50

=<0.06 0.01 ~0.04 =<0.0015

1 CCB-ESR ingot-Axle Rolling Billet HUREAY B 7 72 &
Fig.1 Schematic diagram of sampling location in CCB-ESR ingot-Axle Rolling Billet
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[Si] +2[ 0]=(Si0,) (2)
2[Al] +3[0]=(Al,0,) (3)
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Table 2 Chemical composition of CCB, CCB-Axle Rolling Billet and CCB-ESR ingot-Axle Rolling Billet of DZ2 steel/ %

{7 'E C Si Mn P S Al Cr Ni Y Mo
CCB-Axle 1% 0.25 0.25 0.72 0.006 0.001 0.021 1.01 1.08 0.043 0.24
1/4 34 0.27 0.26 0.71 0.006 0.001 0.023 1.01 1.08 0.042 0.25
s 0.28 0.28 0.75 0.007 0.001 0.022 1.02 1.13 0.044 0.26
CCB-ESR 3k 1 0.27 0.26 0.70 0.006 0.001 0.019 1.02 1.10 0.05 0.25
%2 0.26 0.25 0.70 0.005 0.001 0.018 1.02 1.10 0.05 0.25
%3 0.26 0.25 0.69 0. 006 0.001 0.018 1.02 1.09 0.048 0.25
34 0.26 0.25 0.69 0.005 0.001 0.017 1.02 1.09 0.047 0.25
%5 0.27 0.24 0.69 0. 006 0.001 0.017 1.02 1.09 0.047 0.25
i 0.26 0.25 0.71 0.006 0.001 0.015 1.01 1.10 0.046 0.25
i 0.26 0.24 0.71 0.006 0.001 0.016 1.02 1.10 0.046 0.24
i3 0.26 0.24 0.70 0. 006 0.001 0.014 1.03 1.09 0.045 0.24
14 0.26 0.24 0.70 0.006 0.001 0.015 1.02 1.09 0.045 0.23
s 0.26 0.24 0.70 0. 006 0.001 0.014 1.04 1.09 0.046 0.24
Bl 0.26 0.24 0.72 0. 006 0.001 0.016 1.01 1.09 0.056 0.24
B2 0.26 0.23 0.72 0.007 0.001 0.015 1.02 1.09 0.047 0.24
23 0.26 0.23 0.72 0.007 0.001 0.015 1.03 1.09 0.045 0.24
B4 0.25 0.23 0.72 0.006 0.001 0.013 1.02 1.08 0.046 0.23
Bs5 0.25 0.23 0.71 0.006 0.001 0.014 1.02 1.08 0.045 0.24
CCB 0.27 0.27 0.73 0. 006 0.001 0.024 1.02 1.1 0.050 0.25

{H,0! + 0*"<20H" (5)

20H + Fe**<Fe+2[0] +2[H] (6)

3[0] +2A1=Al,0, (7)

K2 HEERRER

Fig.2 Schematic diagram of electroslag remelting
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Table 3 Contents of H and O and corresponding increases

in different positions of CCB and CCB-ESR ingot-Axle

Rolling Billet

YAy H/10 ¢ 0/10°%  AH/H x100 AO/0 x 100

ESR £ 1.65 11 94. 12 22.22
h 1.52 10 78.82 11.11
% 1.46 9.5 71.76 5.56
CCB 0.85 9 - -
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Table 4 Test results on CCB-Axle Rolling Billet and CCB-ESR ingot-Axle Rolling Billet of DZ2 steel by ASPEX

SFEERSE/ um KRR/ um B/ A
Je Ay CCB-ESR ingot- CCB-Axle CCB-ESR ingot- CCB-Axle CCB-ESR ingot- CCB-Axle
Axle Rolling Billet Rolling Billet Axle Rolling Billet Rolling Billet Axle Rolling Billet Rolling Billet

Al, 04 4.37 5.17 5.73 5.73 5 12
Mg0O-Al, O, 2.48 7.21 2.48 12.16 1 10
Ca0-Al, 05 5.08 10.96 5.08 24. 64 1 17
Ca0-Al, 05-MgO 5.43 7.54 5.43 9.32 1 3
CaS-Al, 04 4.61 10.01 6.6 25.05 2 10
CaS-Al, 0;-MgO 5.97 7.75 5.97 10.26 1 3
TiN 3.54 4.53 3.54 7.49 1 3

Bl 3  DZ2 ) CCB-Axle Rolling Billet 1 CCB-ESR ingot-Axle
Rolling Billet H13& 244 R~ 434

Fig.3  Size distribution of inclusions in CCB-Axle Rolling Billet
and CCB-ESR ingot-Axle Rolling Billet of DZ2 steel
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Fig. 4 Inclusions in CCB-Axle Rolling Billet and corresponding energy spectrum of DZ2 steel: (a) Spherical and prismatic inclusions;

(b) lath-shape inclusions; (c¢)Spindle inclusions; (d) EDS of spherical inclusions in Fig. 4a; (e) EDS of prismatic inclusions in

Fig.4a; (f) EDS of lath-shape inclusions in Fig.4b; (g) EDS of spindle inclusions in Fig. 4c

%15 DZ2 #(a) CCB-Axle Rolling Billet; (b) CCB-ESR ingot-Axle Rolling Billet flif HJe Ze ) 50 K /3 4ii
Fig.5 Elements distribution in DZ2 steel:(a) CCB-Axle Rolling Billet; (b) CCB-ESR ingot-Axle Rolling Billet
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Fig.6  Prismatic inclusions and corresponding energy spectrum
in CCB of DZ2 steel
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