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Fine Structures and Mechanical Properties of Thermally Cycled
SUJ 2 Steel

Hisahiro SAKAL Shouichi OCHIAI and Manabu UENO

Synopsis :

The purpose of this work is to present results on the mechanical properties of SUJ 2 bearing steel im-
proved by a cyclic heat treatment. The structure of thermally cycled steel consists of fine-grained ferrite
particles of the size under about 2um containing fine cementite particles of the size about 0.2 pum.
Thermally cycled steel was found to be superplastic at 710°C, just below A; temperature, at an initial
strain rate of 1.67 X 10~ 4s™ !, i.e. elongation to failure was about 500% and the strain rate senmsitivity, m
value, was about 0.4. The activation energy of about 180 kJ/mol, which is nearly equal to that of grain
boundary diffusion of Fe atoms in a-iron, was obtained for this plastic deformation.

Furthermore the rolling contact fatigue life test was performed at room temperature under constant load.
The fatigue life of SUJ 2 steel thermally cycled was found to be prolonged (about 2.5 times) as compared
with that of conventional one.

Key words : iron-high carbon alloys; SUJ 2 steel ; bearing steel ; superplasticity ; cyclic heat treatment ;

hardenability ; rolling contact fatigue life.

1. #&

BREAGEMOGHNMMEL NS &, BIRTOME
ML EORMBIEE AL T A E») TR L, RE
HHVIIBMEER CBEMHRERT I EHH VD,
BoRAE R B A E R HIEE LT, MIBMEEYD L
YA 7 VBILERED TN G B, A Z VBB 3 Nk
GHOBIEO A Z T 720, LA %4 s
BB LAGE, LEELESEELETHS.

RENLZEHBREZ O 28THWMTH S AISI 52100
MHH\iZ SUT 2 Hicxt L, MITEMBEY*EHT S
ZETHERD 7291 PREERIREA V54 MRIDS
% B RO L Loa s, BENHErRBT S
TEPBESRTWAION, Ly, ZoEOEZH
W LB O A2 X DR RARLOBE AT A S T
AL G4y VR E L b O OERERE
M, ZANEREMEL EOBBATEEIZIEEA TN
LT,

il

ARfFETIE, H 4 7 VBB Y SUJ 2 SICEA %
KAk o n, HOMPIHESKEBHALS 52 & 280
oo COHAL 7 NVBMBEEH L SUS 28ICBUSE
BTOEREH RSB LI, AN EFHICK
TTH A 2 VB OEE IO WTHRET R .

2. ® B B &

2.1 R EY 1 I NBNEBSE

AEFZE-Ci/EA L7 SUJ 2 $i3, 4mm X 100 mm X
1000 mm O FARH (ZLFEFEER 3 TICERIRILBESE S h
TWwa) THALEL DT, Table 1 127D bFMK %
R, RO ANEOMBIE Photo. 1 IZ/RT X ) 1S,
FiEE 10~20um D7 =74 +&HK 0.4 um DRI 25
BoTwh, Dk, ERIKCLE L /- % £ odE 2 IRIR1E

Table 1.

Chemical compositions (wt%).

C Si Mn P S Cr Ni Cu Mo
0.98 0.21 0.28 0.014 0.008 1.4 0.08

SuJ 2

0.06 0.01
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Photo. 1. SEM micrograph of SUJ 2 steel in the
as-received condition, showing spheroidized struc-
tures.
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Fig. 1. Schematic diagram for cyclic thermal
treatment.
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(b) Tensile specimen for measuring elongation
Fig. 2. Dimension of tensile specimens.
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a) Optical micrograph
b) Transmission electron micrograph

Photo. 2. Microstructures
of SUJ 2 steel quenched into
oil at 90°C.
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Photo. 3. Change of microstructures by number of cycles, showing martensite
phase containing fine carbide.
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Photo. 4. Transmission electron micrographs of specimens.
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Table 2. Changes of size and shape for ferrite
and cementite particles with the condition of heat
treatment.

Particle size (um) X/'Y
Treatment Matrix | Carbide

Da Dg a a
Spheroidized a Fe3C(g) | 16.34 0.39 |1.60(1.40
Quenched d+7 | FesC(m) — — — | —
After 1+F. C.) Cy. a Fes;C (6) 1.09 0.14 (1.66(1.44
After (3+F. C.) Cy. a FesC (9) 1.16 0.15 |1.60(1.28
After (6+F. C.) Cy. a FesC (6) 1.73 0.19 |1.58|1.27
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Fig. 3. The hardness at room temperature as a
function of the number of cycles.
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a) Sheroidized b) After (6+F.C.) cycled
Photo.. 5. Photograph of fractured specimens de-
formed superplastically at 700°C at an initial strain
rate of 1.67X10"*s™ ! (G .L. : Gauge Length).
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 Photo. 6. Changes of microstructures in the gauge and grip sections of fractured specimens.
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SUJ 2 steel after (6+F. C.) cyclic heat treatment.
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Fig. 7. Weibull plots of rolling contact fatigue
life for SUJ 2 steel under constant loading condi-
tion.
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