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Effects of Carbon, Nitrogen and Nickel Content on the Low
Temperature Impact Value of High Manganese Austenitic Steel

Masakuni FUJIKURA and Tetsuo Kato

Synopsis:

The purpose of this study is to examine the effects of G, N and Ni content on the Charpy impact value
and tensile properties at subzero temperatures of high Mn austenitic alloys. The friction stress for Petch
equation and load-time curve in Charpy impact test at —196°C have been determined. The effects of
C and N on the stacking fault probability and fracture mode have also been examined.

0.2% proof stress and tensile strength are found to increase linearly in proportion to C plus 1.5 times N.
Tensile ductilities especially at cryogenic temperature decrease with increasing G and N content. Charpy
impact values at the temperature down to —100°C do not change by the addition of C and N, however,
those at —150°C and —196°C show decreasing tendency with increasing amount of C and N. Yield
and maximum load obtained in the Charpy impact test at — 196°C linearly increase with increasing value
in C plus 3.3 times N. The fracture mode at —196°C changes from ductile to brittle when the value in
C plus 3.3 times N exceeds 1.0.

The improving effect of Ni on the impact value at —196°C can be estimated in terms of stacking fault
energy. The embrittling effects of C and N are estimated in terms of stacking fault energy and according
to Smallman equation predicting ductile/brittle fracture transition.
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Table 1. Chemical composition of materials used (wt%).

c Si Mn cr Ni N
MRC -1 0.060 | 10 | 35.2 5.0 <005 | 014
-2 o140 |10 | 41.0 4.9 " 013

-3 0.160 | 10 | 35.6 5.1 ” 0.14

-4 0260 | 10 | 40.5 5.0 " 014

-5 | 0300 |10 | 358 50 ” 0.09

-6 | 0490 |10 | 354 5.1 " 0.11
MRN -1 |o0.021 | 1.1 | 35.0 4.9 | <005 )] 0.06
-2 |o0.022 |10 | 345 5.0 " 0.12

-3 |o0.027 |09 | 350 5.1 " 0.23

-4 |o0.026 |08 | 360 5.0 " 0.30
MRNN -1 |0.061 | 1.0 | 40.6 5.5 2.1 0.15
-2 |oo062 |1.0 | 402 5.1 2.0 | o0.19

-3 |o.044 | 1.0 | 40.6 4.9 2.1 0.25
MRNI -1 |o0.070 {0.41| 5.2 |18.0 4.0 | 0.24
-2 lo.os0 lo39| 50 |[17.9 5.2 | 0.24

-3 lo.060 039 5.1 |18.0 6.1 0.25

-4 0.060 }0.25 52 17.9 9.0 0.27

-5 |o.o60 039 | 4.9 |18.2 |12.0 |0.26

-6 lo0.080 l032115.2 |18.5 0.1 0.19

-7 lo.o90 |0.37 |15.1 |18.6 2.8 0.18

-8 lo0.090 {036 |15.3 |18.1 6.2 | o022

-9 |o0.080 |0.34 |15.5 }18.0 9.5 | 0.21

P <0020, S<0016, Cu<0.70
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Fig. 2. Tensile strength and 0.29, proof stress as
a function of G plus 1.5 times N (wtg;).
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Fig. 3. Effect of C content on the tensile ductilities
at 20°C & —180°C (MRC-1/-6).
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(a) 35Mn-5Cr-0.14C : MCR-2

(b) 35M-5Cr-0.49C : MCR-6

Photo. Scanning electron fractographs of Charpy
specimens of Fe-35Mn-5Cr-0.14C &

0.49 C alloys tested at —196°C .
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Photo, 2. Scanning electron fractographs of Charpy
specimens of Fe-35Mn-5Cr-0.06 N &
0.30N alloys tested at —196°C. .
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Fig. 7. Load-time curves in Charpy impact test at
—196°C for MRC-1, MRC-5 and MRG-
6.
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Fig. 8. Load-time curves in Charpy impact test at
—196°C for MRN-1, MRN-3 and MRN-
4,

1500 l I I
-— P g P 5t e
5 | o
T 1000 0= -0"

--=" Py o
'g o MRC { pre~-yield
o ) fracture)
S 5pp L 2RV '
@ 40 T
3~ fo— |
E & °~°\Q’\
«~ 8 20 2L
QO
25 \
g2 o 2
02 04 06 08 10 12

C+33N (%)

Fig. 9. Maximum load (Ppax.), yield load (Py)
and impact value as a function of C plus
3.3 times N in the instrumented Charpy
impact test at —196°C. .
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Composition™ S:_F. P.
0.083-36Mn-5.0Cr-0.06N 0.0152
040C-36Mn-~5.1Cr-0.08N 0.0123
0.08C-34Mn-49Cr-0.20N 0.0192

* Other elements : Ni£0.50, Si= 0.90/110

Table 2. Effects of G and N content on the
stacking fault probability at 25°C of
Fe-36Mn-5Cr alloys.
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