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ABSTRACT Bearing steel has very strict requirements on the size shape and quantity of non-metallic inclusions. Even if the total ox—
ygen content in steel is kept at very low levels large inclusions are not completely removed. These large inclusions have a decisive effect
on the fatigue life of bearing steel. To remove the large inclusions in the bearing steel as much as possible the effect of rare earth and
magnesium duplex treatment on inclusions in GCrl5 bearing steel was investigated by adding moderate rare earth and magnesium to liquid
steel under experimental conditions. The size composition and morphology of the inclusions were observed by combining Aspex inclusion
automatic analysis technology and scanning electron microscope. The experimental results show that the inclusions in steel before modifi—
cation are mainly composed of MnS—Al,O; MnS and Al,O; and the inclusions are modified to be composed of a large number of com—
pound inclusions containing sulfur and magnesium and a small amount of Al, O, and magnesia alumina spinel after adding trace magnesium
to steel. After complex treatment by rare earth and magnesium the inclusions are mainly composed of Re—0—S. Al,O; MnS and mag—
nesia alumina spinel vanish gradually. The inclusions are spherically distributed and most of them have diameter less than 5 pm. Inclu—
sions with diameters greater than 10 pm are greatly reduced. Thus the inclusions in GCrl5 bearing steel are obviously refined after rare

earth and magnesium complex treatment. When the magnesium content in the steel remains unchanged the proportion of large particle in—
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clusions decreases with increasing content of rare earth. When the content of rare earth is similar increasing the magnesium content in

steel is beneficial to the removal of large particle inclusions. The interaction of rare earth and magnesium further promotes the refinement

of inclusions.

KEY WORDS bearing steel; rare earth; magnesium; inclusions; clean steel
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Table 1 Chemical composition of bearing steel containing different rare earth and magnesium contents %
C Si Mn Cr Ce La w( Mg) /10 ¢
1* 0.96 0.261 0.337 1.436 0.019 0. 0047 0.0237 10
2t 0.95 0.294 0.364 1. 468 0.037 0. 0050 0. 0424 16
3# 0.98 0.251 0.329 1. 467 0.011 0. 0060 0.0170 17
4 0.95 0.332 0.371 1.462 0.057 0. 0097 0. 0667 25
5* 0.95 0.266 0.315 1. 484 0.023 0.0171 0. 0401 31
6* 0.98 0.301 0.340 1.416 0. 069 0.0218 0. 0908 34
7* 1.01 0.291 0.380 1.555 — — — 7
g* 1.01 0.266 0.354 1. 449 — — — 34
) 0. 0424% ( 2(b)).
(w(Mg) =7 x107°)
2.1 — 10 pm
GCrl5 83% . 3.1 x107° ~3.4 x
2 2 . 107°
5 B ( 2(c)). 10 pm
Table 2 Statistical results of different size inclusions in the rare carth 3% 0. 0401% 0.35%;
and magnesium treatment sample % 0. 0908 % 0.18% .
3~5um 5 ~10 wm >10 pm
1 68. 16 31.31 0.53 3
2 73.66 25.35 0.99 0. 04% (2° 5 )
3 71.60 27 50 0.90 1.6x107° 3.1x107° 3.5 ~5 um
4 73.17 26.37 0.46 15% 10 pm
5* 84.53 15.12 0.35 65%.
6* 90. 35 9.41 0.18
7 63.28 30.77 5.95
8" 79. 57 17.43 3.00 : :
2 2
18
2( a) 19 SKF 20
7x107°~1x107°
3.5~5um 63.28%
10 pm 5.95 %.
0. 0237% 3.5 ~5 um
68. 16% 10 pm
0.53% 90%

.6 x107° ~1.7 x107° 0.0170% N N
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2 . . (a) w(Mg) =(7~10) x107%; (b) w(Mg) =(16 ~17) x107°%; ()
w( Mg) =(31~34) x107°
Fig.2 Distribution of inclusions in steel containing different mass fractions of rare earth: (a) w(Mg) =(7 ~10) x107%; (b) w(Mg) =

(16 ~17) x107%; (¢) w( Mg) =(31 ~34) x107°

8
3.4x107°, 0. 0908 %
2.2 -
3 w(Re) =0.04% Mg —
Fig.3 Distribution of inclusions in steel containing different magne—
sium with w( Re) =0.04% 3. 4
4 Al
4 Mg

AL O, MnS. MnS—MgS  Al-Mg—Mn—S-0
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Table 3 Percentage of various types of inclusions with rare earth and magnesium complex treatment %
Al-Mg—S—Mn—0 Mn$S MnS—MgS Ce—La—S—Mg—0 Ce—La—S—Mn—0 Ce—La—S—0
1* 23.97 55.81 0.54 2.33 12.34 0. 89
2 17.23 20.79 4.95 14. 46 25.15 10. 10
6* 0.67 0 0 0.88 10. 90 87.33
4
Table 4 Percentage of various types of inclusions using magnesium complex treatment %
Al-0 Al-Mg—0 Al-Mn—S—0 Al=Mg—O—Mn—S Mn$S MnS—MgS
7* 0.73 1.45 26.99 44.85 24.53 0. 44
8* 0. 60 0.48 2.64 54.98 16. 69 20.76
4 Re Mg . (a) w(Re) =0; (b) w(Mg) =34x10"°
Fig.4 Influence of Re and Mg contents on inclusion composition in steel: (a) w( Re) =0; (b) w(Mg) = 34 x 106
AL O,
N ; Mg
( 7x10°° 3.4 x107°) MgS—
MnS Mg 3.4x10°°
Re—S—0 6~7
AL O, MnS. 6. 7 Mg
2.3 — MnS. MgO—Al,O;. MgO—Al,O,—Mn MgO—
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2 2.4
MnS Al O,
10 pm ( 5(a)) 7%x10°° MnS
3.4%x107° ( 5(b)). Al O, 8
MgO
( 5(¢)); N Al 0, MgO+ Al O,
Al O, MnS



- 768 -

41 6

5 —

d) w( he) =0. () =3. X o
(d) w( Re) =0.0401% w(Mg) =3.1 x107°

(a)w(Mg) =7x107% (b)w

(Mg) =3.4x107%; (c¢)w(Re) =0.0237% w(Mg) =1.0x107;

Fig.5 Morphology of typical inclusions in steel with rare earth and magnesium complex treatment: ( a) w( Mg) =7 x107%; (b) w( Mg) =3.4 x
1073; (¢) w( Re) =0.0237% w(Mg) =1.0x10~>; (d)w(Re) =0.0401% w(Mg) =3.1 x10 3

. MgS MnS
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Al-Mg—O0—Mn—S 6 .
7x10°° Al 0, 0.73%
Al=Mg—O0—Mn—S 44. 85%
( 4. Al 0,
Al-Mg—0—Mn—S
3.4x107° Al O, 0.6%
Al-Mg—0—Mn—S 54.98%.
( Ce )
12 21 .
2 Ce +3 0 =Ce,0,,
AG® = — 1428760 +359.39T (1)
2 Ce +2 0 + S =Ce,0,S,
AG® = —1351400 +331.05T (2)
Mg + O =MgO,,
AG® = -731400 +239. 68T (3)

(1) (3)
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ok =32276-7 g 7g = 2t fue e
f(zle. %Ce .ai\’lg()
K : T=1873K f
% Mg *
L ag,o, =1 ayo =1 77(;(:3 > =2.75 x
107°.
Mg 3.0 x
107 0.003%  Ce (4)
3
0.0908% Mg 3.4 x107°  Al=Mg—S—
Mn—0 0.67%
(2) S
Re—S—0

3
0.237% —0. 0424% —0. 0908 % Ce—La—S5—0
0.89% —10. 10% —87.33%



GCrl5

=769 -

6

Fig.6 Morphology of typical inclusions in magnesium treated steel
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Fig.7 Morphology of typical inclusions in Re—Mg treated steel

8

Fig.8 Morphology of inclusions in untreated steel
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