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Mechanical properties and Hall-Petch relationship of high
manganese austenitic cryogenic steel

CHEN Huan', SUN Xinjun', WANG Xiaojiang'*, XIAO Shuyang’

(1. Department of Structural Steels, Central Iron and Steel Research Institute, Beijing 100081, China;
2. School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China;
3. School of Materials Science and Engineering, University of Science & Technology Beijing, Beijing 100083, China)

Abstract : High manganese austenitic low-temperature steel as an economical low-temperature steel, there is a
huge space for development. Different researchers on the fine grain strengthening of high manganese austenitic
steel have different opinions. In order to research the effects of grain size on the properties of high manganese
austenitic low temperature steel, different solution treatments were processed, the tensile tests and low
temperature impact properties with different grain sizes were tested. The experimental steels were characterized
by scanning electron microscope ( SEM ), electron backscatter diffraction ( EBSD) and the Hall-Petch
relationship was calculated. The -196 °C impact test results show that the high manganese austenitic cryogenic
steel has a great cryogenic impact performance, and the cryogenic impact performance doesnt change with the
increase of grain size. The Hall-Petch constant K| corresponding to the yield strength of the experimental steel
is 7.27 MPa -mm®’ | significantly smaller than that of other austenitic steels. The reason is that the carbon
content of the experimental steel is low, resulting in a lower shear modulus G. At the same time, the carbon as
a gap solid solution directly affects the dislocation density pG near the grain boundary, and the K, value is
proportional to p."* and G, so the lower carbon content of the test steel leads to a smaller K, value. The Hall-
Petch constant K( &) corresponding to the different true strain & during tensile tests is further calculated. It is
found that K( &) is affected by the TWIP effect. When the true strain reaches 0.3, deformation twins are no
longer to produce, the value of K( &) reaches the maximum.

Keywords: Hall-Petch relationship; high manganese austenite cryogenic steel; grain size; TWIP effect; de-

formation twinning; cryogenic toughness
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Table 1  Chemical composition of the tested steel (wt. % )

C Si Mn S P Mo Als Fe

0.46 0.15 22.28 0.0019 0.0051 0.34 0.028 Bal

1000 Cx2h

900 ~1 150 C
80% of the
o @ total roling Isothermal
‘g & reduction holding 40 or
S S 120 min
g .
£ S Quenching

Quenching

Time

E1 SSRWEAHESERLETZ
Fig. 1 Rolling and solution treatment process of the experi-

mental steel
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2 900 CEIF4LHEFRINE OM B (a) 5 SEM
E%(b)

Fig.2 OM and SEM images of 900 °C solution treatment
samples: (a) OM image; (b) SEM image
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Table 2 Average grain sizes of the different solution treat-

ment process

solution treatment process D/ pm
900 °C/40 min 18.4

950 °C/40 min 31.8

1 000 C/40 min 52.6

1 100 °C/40 min 78.1

1 150 °C/40 min 102.2

1 150 °C/120 min 156.2

(a) 900 CAR{i 40 min (b) 950 CA5-% 40 min

200um |

-~ ™~

AN

(a) 1100 “CARE 40 min

(b) 1 150 CHEIR 40 min

(c) 1 150 CAH 120 min

3 ZNAREEBLETIZR EBSD BRSHE
Fig.3 Different solution treatment process of experimental steel’s EBSD grain boundary distributions: (a) 900 °C insulate

40 min; (b)950 °C insulate 40 min;(c)1 000 °C insulate 40 min; (d)1 100 °C insulate 40 min; (e)1 150 °C insulate

40 min; (f)1 150 C insulate 120 min
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Table 3 Tensile properties of the experimental steels with
different grain sizes
D/pm R,/MPa R, /MPa A%
18.4 290 889 68.0
31.8 274 864 71.0
52.6 273 852 73.0
78.1 269 821 74.0
102.2 252 782 76.5
156.2 250 766 80.0

Engineering strength/MPa

0 0.2 0.4 0.6 0.8

Engineering strain

B4 FE SRS R TR ) 3 2k
Fig.4 Engineering stress-strain curves of different grain size

steels
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Fig.5 Charpy impact energy of different grain size
steels ( =196 °C)
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Fig.6  XRD pattern of 900 °C solution treatment sample for

impact test
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Fig.7 Hall-Petch relation corresponding to yield strength
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