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Abstract: With the application and construction of major equipment, such as China's high-speed rail, aerospace, and wind
power, high-quality, long-life, and high-reliability requirements have been put forward for bearing steels. By introducing the
current situation of inclusion control in high-performance bearing steel at home and abroad, the level and gap of domestic
special steel enterprises in the field of inclusion control are analysed, and the technical prospects for the intelligent control
of inclusions in high-performance bearing steel are proposed. High-performance bearing steel can be produced through the
control of inclusions in non-Al-deoxidized steel and low-oxygen rare earth steel, magnesium control of inclusions in steel,
and heat treatment control of inclusions in steel, providing research and development ideas and references for domestic
special steel enterprises.
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Tab.1 Current status of inclusion control in high performance bearing steel from special steel companies at home and

abroad
Quality standard/10*
Country Special steel plant - Y Inclusion condition
(Ol [Ti] [N] [Ca] [Als]
Inclusion diameter<11 pm, Class B level 0.06,
Sanyo!™? <5 10 45 100
Class D level 0.06
AlO; inclusions with a diameter =7.5 pm and
Daido!™” <5 <5 <30 - i i
: Ca0O-AlLO; system inclusions are very rare
apan
23 wm <inclusion diameter <27 wm, with
KOBELCO!9 4 7 - - A ‘
titanium inclusions being scarce and fine
L Inclusions with a diameter <15 wm account for
Aichi" 6 11 - 130
80%
The standard deviation of oxygen content is
Sweden Ovako!'"™ 5 8~12 58 1 280 ) ) o
0.5, and the diameter of inclusions is <5 pm
) Class A 0 to 1.5 levels, Class B 0 to 0.5 levels,
Xingcheng!™ 4.6 8.5 - 2 >100
Class C 0 level, Class D<0.5 levels
CITIC Class A 0.5 to 1.5 levels, Class B 0 to 1.0
) Daye®> 4.4 <15 20~30 3 100~120
Special levels, Class C 0 level, Class D 0.5 to 1.0 levels
Steel Control CaO-AlLO;-MgO, calcium aluminate,
Nanjing®>! <5 15 42 120 and D-class large particle inclusions. The CaO
mass fraction of product inclusions is below 5%
) . Calcium aluminate inclusions with a diameter
China Zhongtian**") <6 <10 27.5 <5 130
<20 pm
The diameter of inclusions per unit area in the
Beiman®?) 5~12 <30 68 10 <400  wire is less than 13 pwm, with a density of 2.7
inclusions/mm?
All types of inclusions in the steel are <0.5
JunengP** 5~9 - 54 200
level
. The inclusions have low content and small
Jiyuan®*! <10 <25 <80 <8 <200

dimensions
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Fig.1 SEM images of typical inclusions in the bearing steel: (a) Mg-Al-O; (b) Al-Ca-O-S; (¢) TiN; (d) MnS®!
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Tab.2 The mechanical properties of inclusions in bearing steel™

Type Shape Hardness(HV3) — Thermal expansion coefficient/(10°K™")  Young's modulus/GPa Poisson's ratio
52100 Matrix 750 12.5 210 0.30
ALO; Clustered ~2200 8.0 387 0.23
TiN Rectangular cube ~2 500 9.4 320 0.19
TiC Rectangular cube ~3 000 9.4 320 0.19
Ti(C, N) Rectangular cube ~3 000 94 320 0.19
Mg-Al-O Polyhedron ~2200 8.4 271 0.26
Al-Ca-O-S Large particle spherical ~2200 5.0 113 0.23
MnS Strip-like 100 14.8 103 0.30

P2 Tl R A 98 57 B BCIRAL S 2 WAL < (a) SRl A1 e 2% 5 (b) BEFR R I 2% 5 (o) F MR 5 e 2% 5 (d) A AL BRI At

Fig.2 Morphologies of the fatigue fracture surfaces with inclusions: (a) spinel; (b) silicate; (c) calcium aluminum; (d) titanium nitride®"
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Fig.3 Number fraction of inclusions in bearing steel and fatigue
crack initiation sites of the steel®”
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Fig.5 Evolution mechanism of inclusions in bearing steel
during: (a) Al deoxidation; (b) non-Al deoxidation!*"!
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Fig.4 S-N curves of the fatigue experiments sorted by the crack
initiation sources™!
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Fig.6 Comparison of the number density of inclusions in
bearing steel under Al deoxidation and non-Al deoxidation
processes!”
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Fig.8 Fatigue life of bearing steel without rare earths added,
low-oxygen rare earth bearing steel, and bearing steel with
commercial rare earths added"
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Fig.9 Inclusions in bearing steel: (a) imported bearing steel; (b) low-oxygen rare earth bearing steel
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Fig.10 Stability diagrams of the formation of A1,0;, MgO, and
MgO- A1,0; in steel at 1 600 TP
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Fig.11 Changes in inclusion characteristics of rare earth bearing steel and aluminum deoxidized bearing steels with heat treatment
time: (a) length-width ratio; (b) average diameter!™
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