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Abstract: The effect of alloying elements on mechanical behavior of Fe-Mn-C TWIP steels was investi-
gated by thermodynamic calculation, static tensile test, XRD, OM and SEM. Results indicate that
with manganese content increasing, the yield strength and tensile strength of TWIP steels decrease,
while the total elongation varies oppositely. As carbon content increases, the yield strength and ten-
sile strength increase initially and then decline with the maximum located near 0. 6% (mass fraction)
carbon. When Mn is at 20% , the elongation of TWIP steel increases with carbon content increasing,
but exhibits reversed trend in the steels with 22% manganese. The product of tensile strength and
elongation increases with manganese content increasing, and it is more obvious in the TWIP steels
with 0.4% carbon. As the manganese content is equal to 20%, the product of tensile strength and
clongation increases with carbon content increasing. However, for the specimens alloyed with 22 %
manganese, the product of tensile strength and elongation decreases with carbon content increasing.
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Table 1 Compositions of Fe-Mn-C TWIP steels(mass fraction/ %)

Specimen No. TWIP steel Mn C Si P S O N Fe
1= Fe-20Mn-0. 4C 19.74 0. 46 0.17 0. 005 0. 005 0.0017 0.0050 Bal
2% Fe-20Mn-0. 6C 20.08 0.61 - - - - - Bal
37 Fe-22Mn-0. 4C 22.28 0.42 - — - - - Bal
4= Fe-22Mn-0. 5C 22.18 0.52 - - - - - Bal
57 Fe-22Mn-0. 6C 22.07 0. 60 - - - - - Bal
67 Fe-22Mn-0. 7C 22.18 0.71 - - - - - Bal
7% Fe-24Mn-0. 6C 23.77 0. 60 - - - - - Bal
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Fig.1 Phase diagrams of Fe-Mn-C ternary system (a)1200°C ;(b) 600°C
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Table 2 Stacking fault energy of Fe-Mn-C TWIP steels

Specimen No. SFE/(m] * m™ %)

1% 14.0
2% 20. 4
3% 19.4
4 23.0
5% 26.3
67 29.4
77 33.5
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Fig. 3 Engineering stress-strain curves of Fe-Mn-C TWIP steels (a)3% ;(b)5%
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Table 3 Tensile test results of TWIP steel specimens at room temperature with the strain rate of 0. 001s '

Specimen No. Process Ryo.2/MPa R../MPa Ryo.2/Rm A/ % A% (R XA /(GPa « %)
Hot rolled 511.9 1039. 3 0.4925 45.90 59.47 61.8
1% Cold rolled — 1460. 3 - - - —
Annealed 437.7 1023.1 0.4278 47.25 48. 04 49.1
Hot rolled 503. 2 1032. 7 0.4873 37. 14 37.27 38.5
2% Cold rolled — 1459.0 — — — —
Annealed 459. 8 1101. 8 0.4146 56. 66 57.25 63.1
Hot rolled 331.5 917.7 0.3612 50. 68 57.92 53.2
3% Cold rolled — 1532.4 - — — —
Annealed 401.7 985. 3 0.4077 54.55 67.98 67.0
Hot rolled 354.5 993.2 0. 3569 52. 94 59. 98 59.6
4% Cold rolled — 1389.5 - - - -
Annealed 392.5 1007. 2 0. 3897 50.13 60. 81 61.2
Hot rolled 309. 1 860. 9 0. 3590 52. 46 60. 10 51.7
5% Cold rolled — 1420. 4 — — — —
Annealed 423.2 1044. 3 0.4052 50. 84 58. 85 61.5
Hot rolled 533.8 1021.5 0.5226 21. 89 22.78 23.3
6+ Cold rolled — 1420. 4 — — — —
Annealed 396.0 973.0 0. 4070 51.31 56.71 55.2
Hot rolled 416.0 1002. 1 0.4151 55. 82 66.90 67.0
7% Cold rolled — 1437.7 — — — —
Annealed 419. 3 1026. 1 0. 4086 54. 85 66.41 68.1
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Fig. 4 X-ray diffraction results of TWIP steels (a)before tension; (b)after tension
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Fig. 5 Grain morphology of TWIP steels (a)17;(b)27 ;(c)3% ;(d)47
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