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Inclusion modification in GCrlS bearing steel
with AFMg alloy treatment

WANG Bo, JIANG Zhouhua, JIANG Mao-fa
(School of Materials and Metallurgy,
Northeastern University, Shenyang 110004, China)

Abstract: The molten GCrl15 bearing steel was modified by three types of AFMg alloys. Firstly, the total oxygen
content value was measured, then the inclusion size, shape and chemical composition were analyzed by optical microscopy,
SEM and EDX. The results show that, after treated by AFMg alloy, the total oxygen content descends remarkably
and the alumina inclusion with big size and different shapes transform into spinel with small size and spherical shape.
The optimal effect of inclusion modification is acquired after treated by 3* AFMg alloy containing 16.55% Mg,

most of the inclusions in steel are spinel and magnesia, and the size of 96.23% inclusions is less than 3 Hm. So, the

inclusion modification treated by AFMg alloy can improve casting and fatigue life of bearing steel.
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Table 1 Chemical composition of GCrl5

bearing steel (mass fraction, %)

C Si Mn Cr p S Al(s)

1.0 0.25 0.30 1.50 0.02 0.01 0.03
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Table 2 Chemical composition of

prepared slag (mass fraction, %)

CaO Si02 Al O3 MgO Cak»

54 13 15 10 8
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Table 3 Chemical composition of

AFMg alloy (mass fraction, %)

Alloy Aim composition Actual composition
No. Mg Al Mg Al
1 5 95 5.66 94.34
2 10 90 12.95 87.05
3 15 85 16. 55 83. 45
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Fig. 1 Variety of total oxygen content after
AFMg alloy treatment
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Fig. 2 Schematic diagram of

deoxidation process by magnesium
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Fig. 3
(a), (b) —Refining slag; (c¢), (d) —Alloy 1; (e), (f) —Alloy 2; (g), (h) —Alloy 3

(b)
Element  Mole fraction/%
(0] 30.72
Al 56.10

L . Fe Fe

2 3 < 9 6 7 8

Energy/keV
(d)
Element  Mole fraction/%
0 42.07
Mg 16.93
Al 40.99

W

2 3 4 5 6 4 8

Energy/keV
)
Al Element Mole fraction/%
(0] 39.67
Mg 19.98
Al 36.17
Fe
Fe

1 —l

2 3 4 5 6 7 8
Energy/keV

(h)

Element Mole fraction/%

o 42.32
Al 48.51

Fe

Fe

2 3 < 5 6 i 8
Energy/keV

3 FRd 17 R R S M BT K RE T ) B 4 R
Analysis results of SEM and EDX of typical inclusions in sample 1*
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Fig. 4 Analysis results of SEM and EDX of typical inclusions in sample 2
(a), (b) —Refining slag; (c¢), (d) —Alloy 1; (e), (f) —Alloy 2; (g), (h) —Alloy 3
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Table 4 Distribution variety of inclusion size
Experiemnt Sample Fraction of inclusions with different sizes/ % Average Total
pene h pie diameter/
heat No. 05 Hm 510 Bm 10~ 15 tm > 15 Hm < 3Hm m number
Refining 1* 87.90 11.29 0. 81 0 64.52 3.091 124
slag 3# 89. 80 9.18 1.02 0 63.27 2.991 98
Allov 1 1* 94. 10 2.58 2.58 0.74 90. 77 1.795 271
o 3* 96. 98 2.26 0.75 0 92.08 1.401 265
1% 74. 84 16. 67 5.97 2.52 61.01 3.700 318
Allloy 2
’ 3# 98. 67 1.32 0 0 95.15 1.212 227
1* 89. 36 8.51 1. 60 0.53 79. 26 2.263 188
Alloy 3
3# 99. 46 0. 54 0 0 96.23 1.103 371
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15 96.23%, HIRIPHIFIEAE R 1. 103 Pm, 3
TAR PRI A 4 415056 AR
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