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Abstract Based on the analysis of 55SiCrA spring steel produced by “120 t LD —LF—RH—150 mm x 150 mm con—
tinuous casting billet — wire rolling”process the thermodynamic calculation is carried out by using Factage thermodynamic
calculation software to optimize the refining process. The results show that the inclusions in Ca0-Si0,-Al, O, system can be
transformed into plastic inclusions with the content of SiO, 41% ~46% CaO 36% ~41% Al,0,0% ~3% MgO 10%
refining slag and slag basicity 0. 8 ~1.0. Using low Ti Al alloy and non-aluminum refractory material the smelting end

Al reduces to 0.001 8% ~0.0022%  Ti reduces to 0.001 0% ~0.0012% the undeformed inclusions such as alu—
minum magnesium spinel and TiN in the steel are obviously reduced the content of Al,O; in the inclusions is reduced to a—
bout 15% . The inclusion ingredient are all located in the low melting point region.

Material Index 55SiCrA Spring Steel Refining Slag Inclusion Plasticity

1 55SiCrA 1%
12 . Table 1 Chemical composition of 55SiCrA steel/ %
, C Si Mn P S Cr Ti Al
0.51~ 1.40~ 0.60 ~ = = 0.60 ~ = =

0.59 1.60 0.80 0.020 0.015 0.80 0.003 0.003

2 55SiCrA
Ca0-8i0,-Al,0, 1400 °C Table 2 Refining slag ingredient and basicity for 55SiCrA
; steel before improvement
o Factsage T
Ca0 Sio, Al, 05 MgO MnO TiO, (R)
o 40~45 35~40 3~6 10~15 1~3 0.2~1.0 1.0~1.5
1
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11 6% 2. .
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Te 55SiCrA 3
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Fig. 1 Ingredient of inclusions in 55SiCrA steel before improvement: batch Nol (‘a) No2 (b) and No3 ( c)

TE | RES % TR | BRESE%
CK 5.67 CK 10.88
OK 28.94 NK 20.85
NaK 0.23

SiK 0.08
MgK 0.69
AIK 0.34 TIK 59.59
SiK 10.47 VK 1.17
KK 0.10 CrK 3.85
CaK 4.39 FeK 1.54
CrK 0.31
MnK 0.37 NbL 1.33
FeK 39.49 MoL 0.70
B 100.00 BE 100.00

2 55SiCrA . ( a) Mg-Al-Ca-Si-O (b) TiN

Fig.2 Morphology and energy spectrum analysis of inclusions in 55SiCrA steel before improvement: (a) Mg-Al-Ca-Si-O composite in—
clusions ( b) TiN inclusions
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Fig.4 Equal Al diagram of equilibrium between molten steel
and Ca0-Si0,-Al,0,40% MgO system
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Fig.5 Equal O diagram of equilibrium between molten steel
and Ca0-Si0,-Al,0,40% MgO system
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Fig.7 Change of Al(a) Ti(b) and S(¢) content in steel in steelmaking process after improvement
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Table 3 Refining slag composition and alkalinity control

/%

Ca0 Si0, Al,O;  MgO MnO  TiO, (R)
1* 38.01 40.27 1.91 9.63 4.35 0.22 0.94
2# 35.31 42.15 2.40 10.04 5.28 0.21 0.84
3* 36.89 43.68 1.45 9.22 3.96 0.23 0.84
4* 36.10 43.48 1.69 9.32 4.39 0.22 0.83
5* 35.59 44.26 1.70 10.08 4.37 0.22 0.80
8 AL Ti
o Ti Al Al.Ti
Ti 0.0012% Al
0.0022% TiN
MgA1204 o
3.2.3
3 (R)
(Mg0)  10% ( ALO,)
2.4% 1.45% (R) 0.80 ~0.94,
9 Ca0-8i0, -
AL, 0,40% MgO 10
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Fig.9  Composition of Ca0-8i0,-Al,0;40% MgO refining slag

ingredient before (a) and after ( b) improvement
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Al,0,40% MgO system before ( a) and after ( b) improvement
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Table 4 Types and size distribution of non-metallic inclu—
sions in steel after improvement process

< 2~ 5~ 10 ~ 15 ~ =
2m Spm  10pm  15pm  20pm  20pm
MnS 26 45 22 5 1 1
MgAlL O, 3 8 2 0 0 0
Mg-Al-Ca-S5i-0 52 198 35 4 1 0
TiN 0 5 1 0 0 0
Ca0-8i0, 0 1 1 0 0 0
81 257 61 9 2 1
/% 19.71 62.53 14.84 2.19 0.48 0.25
4
10 pm 2.92% 5 pm
17.76% 5 pm
82.24%
MnS Mg-Al-Ca-Si-O
MgAL O, \TiN .
4
(1 55SiCrA
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