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Effect of High Temperature Tempering on Microstructure
and Mechanical Properties of High Nitrogen Martensitic
Stainless Bearing Steel
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Abstract: The high nitrogen martensitic stainless bearing steel was tempered at 400 C - 600 ‘C, and its mechanical
properties such as hardness, strength and toughness were tested. The microstructure was characterized by optical micro-
scope, SEM and TEM. The effects of high temperature tempering on its mechanical properties and microstructure were
systematically studied. The test results show that, with the increase of tempering temperature, the hardness and strength
of the material increase first and then decrease, and the impact performance continues to increase. When tempered at
500 ‘C, the hardness and tensile strength reach the maximum values, which are 60. 8 HRC and 2 360 MPa, respec-
tively. The microstructure analysis shows that, when the tempering temperature is no higher than 500 C, the sample is
mainly tempered martensite structure with a small amount of secondary-phase particles. After more than 500 °C, the mar-
tensite structure gradually transforms into tempered sorbite , and the number and size of the secondary-phase particles in-
crease. The size and number of secondary-phase particles tempered at 500 ‘C and 600 ‘C were counted in the same area.
It is found that the total number and area ratio of secondary-phase particles tempered at 600 “C are much higher than
those tempered at 500 °C, and the proportion of large-sized particles increase significantly. The secondary-phase M,,C
and Cr,N precipitates in the samples tempered at 500 ‘C and 600 C. These secondary-phase particles grow densely at
600 ‘C, resulting in a decrease of secondary-phase strengthening effect, which is attributed to the considerable decreases
in strength and hardness.
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Fig. 1 Heat treatment processes of the test steel: (a) spheroidal annealing, (b) quenching—cryogenic—tempering
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Table 1 Chemical composition of test steel %
C N Cr Mo Si Mn O
0.3 0.36 15.30 1.00 0.67 0.39 0.002 9
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Fig. 2 Change trends of the mechanical properties of the test steel tempered at different temperatures: (a) change trends of impact

energy and hardness, (b) change trends of strength
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Fig. 3 Metallurgical microstructure of test steel at different tempering temperatures : (a) 400 C, (b) 450 C, (c¢) 500 °C,

(d) 550 °C, (e) 600 C
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Table 2 The proportion of the total area and the number
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pered at 500 °C and 600 °C
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Fig. 4 The microstructure of the test steel at different tempering temperatures observed by SEM :

(¢) 500 °C, (d) 550 °C, (e) 600 °C

HE A HR56.5 %, KT 05 pm A5 H & LR
43.5 % , e KAE M SE N 1.50 wm, 55— M1 0RE
A T E 79 %, LI LESFREN, 5500 C
[l AH L, 600 °C [ kG RE Hp ) 55 R J00RE £ R
15, B IR R 118 %, HORLR 58 —AHURL (5 L 3T K,
500 “CIml B, a5 X & A IR AL I %, LB
TGN GRS A IURE T H 120 S e g K G ) A
LI R I A €7 T R 2 NG R 5 7/ B 5T A R T X A
R QIR E RN 2B U R AN i
S 3RH: A R R R B Ok B e KA .

(a) 400 °C, (b) 450 °C, (¢) 500 °C, (d) 550 °C, (e) 600 °C
(a) 400 °C, (b) 450 C,



- 112 - RN

547 5

1500

600 C

ARSSRL S H A
=
g

kS
wn
(=]
(=}

0 0.10.20.30.40.50.60.70.8 091.01.11.2131.41.5
BB pm

5 500 ‘CHI600 “CIul k& —AMURLR ST 231
Fig. 5 The particle size distribution of the secondary—phase
tempered at 500 “C and 600 C

&l 6 F1 &l 7 4391 2 500,600 °C IH] 2k & 5 5 4K
TEM T ULEE 3 (i Bk 41 41 55 — MBS L Bl b e AT
SIBEAS . MBS KR L, 500 “C Il KA FE il Al 4% T G A
TR 2N B KA (AL 58 FZE SR 454, T #E 600 °C
Il R & IR B 57 S 28 5 45 A8 A BT /D, T Y
55 T MURAE SR th R EUERE .l EDS 1
AT, KRB S AR ) R AR Cr . C N TR

T LT B SR E L & BAE 500,600 °C A1 K AT
1955 —AH £ Bk Cr,N Fl M,,C, , Cr,N 2 B HES 7 45
F, Mo C S M0 ST 7 5 K0 o 22 [l il B 3k 31 9k
0 3R R 3k B 5RO SR A 4 /N BR S R
W, R RN CON S sl w5 AR A Y
SO0 S I v R R R M2 [ R P A
TR A B S B A ]I FE T CrN L ML,Cy
SREEHTH KK, FEAR TR C NS B BRI,
55 TR SR Ak A0 SR B AR AR A B R A R
K7, PR, 600 “C IRl K J5 A A4 5t J32 R B 5 A X
500 “CIlul ke R A -

3 g

1) B 25 00U B 3, 3 0 B ) REE R L O B
SRR BT R B, sl B BAR T
FE 500 “C Il A, X 00 A 10 B B | JE R 5 B2 B
5 5 1K 2 5 KAE L 43 %1 4 60.8 HRC 1997 MPa,
2360 MPa.

2) A AR A il SN AE 400 ~ 500 °C Lk
TR B JCE AR ZT, (1] kL i 500 CJ 1k
L QAR A8 SRy ] ok 2R LR AR TR, 55 — AR A0k & A=
RAER K, 5 A FERE 2 T o

IR (<) ;
#0.1%) 4 (1,11
. i 7
. :'/'"uy.n
" 10 1/nm
‘
A

IIIIII h|

r
C
N

‘
&

bR

Ko LB HI7E 500 Clal kR 3 “AMURL A TEMJESR : (a) MRAEIIIAE, (b) Cr,)N 28 — Al B HAT S BE AR SE L (o) B (b) PR
EDSTH, (d) M,,Cy 26 A K HAT S BE S bR, (e) B (d)H A9 EDS T

Fig. 6 TEM morphology of the secondary—phase particles of the test steel tempered at 500 °C : (a) low bright field image, (b) Cr,N

secondary—phase and its diffraction spots calibration, (¢) EDS scanning in Fig. (b), (d) M,,C, secondary—phase and its diffraction

spots calibration, (e) EDS scanning in Fig. (d)
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Fig. 7 TEM morphology of the secondary—phase particles of the test steel tempered at 600 C :

(a) low bright field image ,

(b) Cr,N secondary—phase and its diffraction spots calibration, (c¢) EDS scanning in fig. (b)
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