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Effect of Refining Slag Ingredient on Inclusions in Steel 31CrMoV9

Xu Zeyu, Liu Jihui, He Zhijun, Cong Yunling, Pang Qinghai and Zhan Wenlong
(Key Lab of Liaoning Province for Chemical Metallurgy, Liaoning University of Science and Technology, Anshan 114051)

Abstract Tested steel 31CrMoV9 (/% : 0.28 ~0.33C, 0.30 ~0.35Si, 0.49 ~0.60Mn, 0.011 ~0.016P, 0.027 ~
0.031S, 2.47 ~2.60Cr, 0.16 ~0.23Mo, 0. 12 ~0. 19V) is melted by a 25 kg induction furnace, and the effect of binary ba-
sicity 2.5 ~ 3.5 of different ingredient refining slag (/% . 46.43 ~59.89Ca0, 15.16 ~ 23. 508i0,, 10 ~20AL0,, 6 ~
10MgO, 2 ~5CaF,) on number, size and composition of inclusions in steel 31CrMoV9 has been studied by orthogonal experi-
ment method. Results show that the effect of binary basicity and alumina content in refining slag on inclusion content in this
steel is obvious; as the binary basicity of slag increases from 2.5 to 3.5, for per 0. 3 mm’ steel the average area of inclusions
increases from 22. 07 um® to 25.67 um’, i. e. that increases by 16.31% and the number of inclusions decreases from
316. 67/0. 3 mm’® to 255. 00/0. 3 mm’, i. e. that decreases by 19.47% , it is available to form composite inclusions; as alu-
mina content in slag increases from 10% 10 20% , for per 0. 3 mm’ steel the area of inclusions increases from 22. 57 pm” to
24.28 wm’, i.e. that increases by 7. 55% and the number of inclusions decreases from 292. 67/0.3 mm® to 272. 00/0. 3
mm’, i.e. that decreases by 7.06% , it is available to form aluminium-magnesium spinal inclusions. With comprehensive
analysis the refining slag contained 10% Al, 0, , 10% MgO and 5% CaF, with binary basicity 3. 5 has better refining effect.

Material Index Steel 31CrMoV9, Ca0-5i0,-Al, 0,-MgO-CaF, Series Refining Slag, Basicity, Al,O,, Inclusions
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Table 1 Requirement of chemical composition of steel
31CrMoV9 /%

C Si Mn Cr Mo v S
0.27 ~ < 0.40~ 2.30~ 0.15~ 0.10~ <

0.34 0.40 0.70 2.70 0.25 0.20  0.035
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Table 2 Parameters of silicon-calcium wire
Ca/%  Si/% Al/%  #E/(g-m') HE/mm
30.0 60.0 2.4 220.0 15.0
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Table 3 Factor-level table of tested refining ingredient

WE(R) (AL0;)/% (MgO)/% (CaF,)/%
2.5 10 6 2
3.0 15 8 3
3.5 20 10 5
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Table 4 Ingredient and basicity of tested refining slag

- . H5Yy /% — R

Ca0 8i0,  ALO,  MgO CaF, (R)
1 58.50 23.50 10.00 6.00 2.00 2.49
2 52.86 21.14 15.00 8.00 3.00 2.50
3 46.43 18.57 20.00 10.00 5.00 2.50
4 57.75 19.25 10.00 8.00 5.00 3.00
5 54.75 18.25 15.00 10.00 2.00 3.00
6 53.25 17.75 20.00 6.00 3.00 3.00
7 59.89 17.11 10.00 10.00 3.00 3.50
8 57.56 16.44 15.00 6.00 5.00 3.50
9 54.44 15.16 20.00 8.00 2.00 3.59
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N w5 Fe i/ FEHEB RZaT A Fe PR/ %

B‘J*ﬁ%,tﬁ?ﬁ% ! EEI?’F& (BE) (-03mm™?) (pm®-0.3mm™?) B/pm 0~5um 5~10 pm 10~20 pm >20 um

EZWRAN, BT URHE T2 331 21.00 4.7 56.59  39.37 4.04 0

~ 4 5t Fu o 2(2.50) 314 22.50 5.3 55.34  37.05 7.61 0

NEESUESALZ) A 3(2.50) 305 22.70 5.5 54.30 37.83 7.87 0

INRIE I, TR 6 HRAT L 4¢3.00) 283 22.59 4.9 5227  36.96 10.77 0

5(3.00) 272 23.19 5.0  51.81 36.72 4.47 0

AL BMEN2S HE 6(3.00) 263 23.20 5.1 50.01  39.81 10.18 0

3.5, R ZEMBFEHER  13.50) 264 24.13 4.7  51.45  39.04 9.51 0

2 8(3.50) 253 25.94 5.0  50.56  37.81 11.63 0

M 22.07 p” S 2 25. 67 9(3.59) 248 26.93 5.6 49.56  40.74 9.73 0
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Table 6 Effect of basicity, and alumina, magnesium oxide and calcium fluoride content in refining slag on area and number

of inclusions in per 0.3 mm’ area of tested steel 31CrMoV9

FEYER /pum’

KW/ (A - 0.3 mm?)

WE(R) AL, 0,/ % MgO /%

CaF,/%

WE(R) A}, 04/ % MgO /% CaF,/%

2.5 3.0 35 10 15 20 6 8 10 2

3

5 253035 10 15 20 6 8 10 2 3 5

22.07 22.99 25.67 22.57 23.88 24.28 23.38 24.01 23.34 23.71 23.28 23.74 317 273 255 293 280 272 282 282 280 284 280 280
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Table 7 Effect of basicity, and alumina, magnesium oxide and calcium fluoride content in refining slag on size of inclusions
and 0 ~5 pm inclusions making up percentage of total inclusions in tested steel 31CrMoV9

KRYRAR /pm

0~5 um KFEYF & LH)/ %

WHE(R) ALOy/% MgO /% CaF,/%

BE(R) Al, 0,/ % Mg0 /% CaF,/%

2.5 3.0 3.5 10 15 20 6 8 0 2 3 5

2.5 3.0 35 10 15 20 6 8 10 2 3 5

4.93 5.13 5.33 5.03 5.07 5.30 5.07 5.20 5.13 5.17 5.10 5.13 55.41 51.36 50.52 53.44 52.57 51.29 52.39 52.39 52.52 52.65 52.27 52.38
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Fig.1 Morphology and energy spectrum analysis of electrolyzed inclusions in No2 steel sample, basicity 2. 5, Al,0; 15% (a) and in

No8 steel sample, basicity 3. 5, Al,0, 15% (b)
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Fig.2 Morphology and energy spectrum analysis of electrolyzed inclusions in No7 steel sample, basicity 3.5, Al,0, 10% (a) and in

No9 steel sample, basicity 3. 59, Al,0,20% (b)
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