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Effect of chromium content on pearlite transformation microstructure and

properties of medium carbon Mn-Cr steels
MIN Yong-an ~ DENG Chuanyin ~ ZHANG Zheng WU Xiao-chun
( School of Materials Science and Engineering Shanghai University Shanghai 200072 China)

Abstract: Continuous cooling transformation ( CCT) curves of two medium carbon Mn-Cr steels 55Mn2Cr and 55Mn2Cr3  with Cr content

of 1 mass% and 2.5 mass% respectively were tested by dilatometer. Based on the curves the effect of Cr content on pearlite

transformation microstructure and hardness of the Mn-Cr steels were studied by means of OM SEM hardness test kinetic analysis and

thermodynamic calculation. The results show that 55Mn2Cr3 steel has smaller transformation zone of lamellar pearlite due to its higher

hardenability and higher spheroidizing tendency during pearlite transformation; while 55Mn2Cr steel has larger pearlite transformation zone

and can display fine lamellar pearlite with hardness about 330 HV due to its lower pearlite transformation temperature.
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Table 1 Composition of experimental steels

(' mass fraction %)

55Mn2Cr-

Steel C Si Mn Cr P S Fe

55Mn2Cr  0.55 0.69 1.92 1.02 0.012 0.006 Bal.
55Mn2C3  0.55 0.71 1.81 2.50 0.007 0.007 Bal.

1150 ~ 1170 C
1100 ~900 °C
60 mm x 60 mm
( : 800 ~500 °C 0.5~0.8 C/s)
( : 800 ~ 500 C 0.015 ~
0.020 C/s) 200 C o
+ ¢4 mm x 10 mm o
1.2
DIL805SA
o 10 C/s 890 C
5 min 0.01 ~10 C/s
500 C (10 °C/s)
N 4%
ECLIPSE LV150 SU1510
o 500 g MH-3
5
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1
() 55Mn2Cr © (b) 55Mn2Ci3 : (¢) 5SMn2Cr © (d) 55Mn2Ci3
Fig.1 Microstructure of the forged experimental steels after different cooling rates
(a) S5Mn2C in air; (b) 55Mn2Ci3 in air; (¢) SSMn2C in sand; (d) S5Mn2Cr3 in sand
o 55Mn2Cr3 55Mn2Cr
55Mn2Cr o
2.2
2 55Mn2Cr  55Mn2Ci3
55Mn2Cr 0.4 C/s
0.70 C/s
: 55Mn2C13
0.25°C/s 0.60 °C/ss
55Mn2Cr 55Mn2Cr3
/
2 55Mn2Cr  55Mn2Cr3 0.01 ~
0.30 C/s T, T,
T,o
55Mn2Ci3 2
Fig.2 Dilatation curves of the experimental steels
55Mn2Cr
(&) 55Mn2Cr; (b) 55Mn2Ci3
A, 55Mn2Cr
i 4(a) 4(b) N
0.01 C/s 55Mn2Cr 0.01 C/s
+ 55Mn2Cr3 + 0.02 C/s 0.05 C/s
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55Mn2Cr 55Mn2Cr3
3 20 ~25 HV,

0.01 C/s 0.02 C/s
2 (T, (1) (1,)
Table 2 Beginning and ending temperatures( T, T;) and peak transition temperature( T,) for

pearlite transformation of the steels in different cooling rates

Cooling rate/( °C /s) 0.01 0.02 0.05 0.1 0.2 0.3
55Mn2Cr T\T:/C 732 673 725 668 715 657 704 640 688 617 669 593
steel T, /C 684 678 667 657 640 630
55Mn2Cr3 T, T;/C 741 687 731 681 716 671 707 653 699 619 - -
steel T,/%C 700 693 684 673 657 -
2.3
5
E Ty 1
(2 L 1n( J)
R ¢ T,
T, (2)
E 55Mn2Cr
465. 84 kJ/mol 55Mn2Cr3 532.63 kJ/mol 6
3 0.01 ~0.30 OC/S 5 0'01 OC/S
Fig.3 Microhardness of the two steels after cooling in 55Mn2Cr 55Mn2Ci3

the range of 0. 01 —0.30 C /s

4 55Mn2Cr  55Mn2Ci3
Fig.4 Optical microstructure of specimens continuously cooled at different rates
(a) 55Mn2Cr 0.01 C/s; (b) 55Mn2Ci3 0.01 °C/s; (c¢) 55Mn2Cr 0.02 C/s; (d) 55Mn2Cr3 0.02 C/s;
(e) 55Mn2Cr 0.37 C/s; (f) 55Mn2Cr3 0.37 C/s

o 55Mn2Cr
55Mn2Cr3 15 °C( 3)
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5
Fig.5 Linear expansion rates vs temperatures during
pearlite transformation of the steels

(a) 55Mn2Cr; (b) 55Mn2Ci3

6
Fig.6  Linear fitting for activation energy of pearlite

transformation of the steels

3 55Mn2Cr 55Mn2Cr3
Table 3 Thermodynamics parameters calculated for
55Mn2Cr and 55Mn2Cr3 steels

Phases content

at 800°C under

Eutectoid

A carbon
Steel C Si Mn Cr equilibrium
/°C content
condition/mass%

/mass%
Austenitic M, C;

55Mn2Cr 0.55 0.71 1.92 1.02 738 0.53 100 -
55Mn2Cx3 0.55 0.69 1.81 2.50 757 0. 40 98.91 1.09

3
3.1 Cr
3 Jmatpro
55Mn2Cr
55Mn2Cr3 800 °C
55Mn2Cr3 1.09% M,C, 55Mn2Cr
; 0.5% ~5%
760 °C 7
1% 2.5%
M,C, 55Mn2Cr3
7 0.5% ~5% 760 C
Fig.7 Phases calculations under equilibrium conditions at
760 °C for different Cr contents
1(a) .1(b) 55Mn2Cr
55Mn2Cr3
o EDS
Mn. Cr ( 8
) o
14
55Mn2Cr3
3.2 Cr M,
4
55Mn2Cr3
55Mn2Cr 760 °C 0. 66%
0.15% - 2 4(e) . 4(1)
55Mn2Cr3 55Mn2Cr
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8 55Mn2Ci3

SEM
Fig. 8

» (b)
(a) SEM micrograph of air-cooled 55Mn2Cr3 steel and

(a)

SEM

(a)

('b) EDS spectrum precipitate marked by the arrow in Fig. ( a)

(

%)

Table 4 Composition of the undercooled austenite under

equilibrium conditions ( mass fraction %)

Temperatures/C 760 770 780 790 800 810 820 830
C 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55
55Mn2Cr  Mn 192 1.92 1.92 1.92 1.92 1.92 1.92 1.92
Cr 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02
C 0.4 0.41 0.43 0.44 0.46 0.48 0.49 0.51
55Mn2Cx3 Mn 1.78 1.78 1.79 1.79 1.79 1.8 1.8 1.8
Cr 1.68 1.76 1.85 1.93 2.02 2.11 2.2 2.29
M, M, ; Cr M, ;
M, o
55Mn2Cr 55Mn2Cr3
9(a)) 2
55Mn2Cr M, (222 C) 55Mn2Cr3
(250 C) M, o
M, 800 °C
( 10) (890 C
5 min) 4 800 C

9 55Mn2Cr3

(a)
Fig.9 Optical and SEM images for 55Mn2Cr3 steel

890 C
; (b)

5 min

0.01 C/s SEM

(a) quenched microstructure after austenitizing at

890 °C for 5 min; (b) SEM image of spheroidized structure

CCr

55Mn2Cr3

67

cooled at a rate of 0. 01 °C /s

o 55Mn2Cr3
55Mn2Cr

55Mn2Cr3

55Mn2Cr

A,

55Mn2Cr3 A,

v/p
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/
17
o 0.5% ~3.5%
18
- Verhoeven "
v/ N
/ 3
v/
55Mn2Cr3
10 55Mn2Cr  55Mn2Ci3 800 C 55Mn2Cr
Fig. 10  The simulation results of the quenching properties ( 1. 9)
after austenitizing at 800 °C under equilibrium conditions 0.05 C /s
(a) 55Mn2Cr; (b) 55Mn2Cr3
a Fe,C
16 4
6 1) 55Mn2Cr 55Mn2Cr3
o 350 HV,
55Mn2Cr3 0.01 C/s 2) 55Mn2Cr3 1%
55Mn2Cr  ( 5) 2.5% 0.7 C/s 0.6 C/s.
o D
AG, AT C ;
54C 57<C 3) 55Mn2Cr3
55Mn2Cr3 ; 55Mn2Cr3
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