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Effects of Alloying Elements on Mechanical Properties and Deformation-induced Martensite
Transformation in Cr—Mn—Ni Austenitic Stainless Steels

Takayuki OsHIMA, Yasuhiro HABARA and Kotaro KURODA

Synopsis : The effects of alloying elements on structures, mechanical properties and deformation-induced martensite transformation were investigated in

five types of Cr-Mn-Ni austenitic stainless steels: 14%Cr—1%Ni-10%Mn-0.13%N, 15%Cr-4%Ni-8%Mn—0.05%N, 15%Cr—4%Ni-
8%Mn—0.12%N, 17%Cr-5%Ni-4%Mn—0.10%N and 17%Cr—6.5%Ni-4%Mn-0.05%N. The relationships between the compositions and
their properties were discussed.

The constitutional diagram using Cr and Ni equivalents as Schaeffler’s diagram did not correspond to the observed structures of cold rolled
and annealed sheets in Cr—Mn—Ni stainless steels. The constitutional diagram of Cr-Mn-Ni stainless steels was described using the equa-
tions for the calculated ferrite content and the Ms temperature.

The effects of alloying elements on 0.2% proof stress in Cr-Mn-Ni stainless steels was almost equal to that in Cr-Ni stainless steels.

The effect of Mn on austenite stability, which reveals the ease of deformation-induced martensite transformation, in Cr-Mn-Ni stainless
steels was larger than that in Cr-Ni stainless steels. Therefore, the new Ni equivalent which exhibits austenite stability was attained by re-

gression analysis between deformation-induced martensite transformation contents and compositions. A high correlation between this Ni

equivalent and the formability of Cr—Mn-Ni stainless steels was recognized.

Key words: Cr-Mn-Ni austenitic stainless steel; microstructure; constitutional diagram; Ni equivalent; Cr equivalent; mechanical properties; austenite

stability.
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14%Cr-1.9%Cu-0.13%N (Steel A), 7.8%Mn—4%Ni-15%Cr—
1.5%Cu-0.05%N (Steel B), 7.8%Mn-4%Ni-15%Cr—1.5%Cu—
0.12%N (Steel C), 3.5%Mn—4.5%Ni-2.5%Cu—0.10%N (Steel
D)#5 & U 4%Mn—6.5%Ni-17%Cr—2%Cu-0.05%N (Steel E)D
SHEOBEARARSHIZHOT, FNFNMn, Ni, Cr, Cu
DERBELX /A, F72, Steel ATIE, Sid, Steel D

TiE, Mok SidZfba vk, nk, ERHIRESL, PIT

Table [. Chemical compositions (mass%).

a) Steel A b) Steel B ¢) Steel C

C |sifMn]nNifc I MoJcau] N C [sifma]nNifcrimMo]cCu] N clsiImmInNniTa Mmool N
0075] 027]_9.54 1.21) 14.43] <0.01] 1.84 0.153) | 0.051] 0.45[ 77 .03 15.21] <0.01] 1.6 0.056| [ 0.048] 0474 738 3.9 15.23] <0.01] r.644 0.116
00761 0.31[ 9.92] 1.21] 74.95 <0.01] 1.87] 0.135} | 0.047] 045} 0.10] 3.96] 15.33] <0.01] 1.61] 0.042] [ 0.049] 0.46] .08 4.01] 15.25 <0.01] 1.58] 0.110]
0082 0.31[ 9.81) 1.23] 75.45] <0.01] 1.87] 0.134] | 0.050[ 0.48] 1.9 3.96[ 1531] <0.01] 1.62] 0.044| | 0.048] 0.49] 1.9 4.00[ 15.20] <0.01] 1.61] 0.108
0078 0.27] 9.75| 1.21] 16.15] <0.01] 1.87) 0.127| | 0.050[ 0.48] 3.94 3.97 15.28] <0.01 1.60] 0.053| | 0.050[ 0.46] 3.98 4.00[ 15.29] <0.01] 1.60] 0.131
0079 0.29] 9.80] 1.17] 76.55 <0.01] 1.87) 0.125] | 0.049[ 047 6.05] 4.01] 15.26] <0.01] 1.61] 0.047] | 0.044[ 049 5.874 3.95 15.21] <0.01] 1.59] 0.121
0.076] 0.30[ 9.89| 1.22] 76.91} <0.01] 1.91] 0.127| | 0.049| 0.50] 72.76] 3.98] 15.22] <0.01] 1.59] 0.045] | 0.045] 0.49] 11.66] 3.99] 15.20] <0.01] 1.59] 0.117
0.088] 0.28] 9.57) 0.01] 1439] <0.01] 1.89 0.147] [ 0.049] 0.46] 7.94] 0.0/ 1531 <0.01] 1.61 0.045] | 0.045] 048] 7.83} 0.0 15.18] <0.01] 1.59 0.125]
0.079] 0.28] 9.82) 0.50 14.29] <0.01] 1.87] 0.136] [ 0.048] 0.48] 7.95] rog] 15.23[ <0.01] 1.60f 0.044] | 0.048[ 0.47] 7.90] rog 15.21] <0.01] 1.58] 0.115]
0.077) 0.29] 9.80 1.99| 14.38] <0.01] 1.87} 0.132| [ 0.049] 0.45] 7.87 2.09 15.23[ <0.01] 1.60{ 0.055] | 0.051[ 044 7.79] 199 1525| <0.01] 1.58] 0.127
0078 0.27} 9.67} 3.05] 14.23] <0.01] 1.88] 0.151| | 0.046] 047 7.88] 2,98 15.28] <0.01] 1.60] 0.049| | 0.050[ 0.49[ 7.90] 304 1527 <0.01] 1.59] 0.122
0.078] 0.30] .35} 1.21] 14.04] <0.01] 1.87] 0.129 | 0.044] 0.48] 7.92] 6.06] 1530 <0.01] 1.62] 0.045] | 0.047] 0.48[ 7.8¢] 6.0 15.09] <0.01 1.57 0.110
0.079] 0.33] .76 1.21] 14.20[ <0.01] 1.87] 0.123| [ 0.047] 0.45] 7.97] 4.04] 7638 <0.01f 1.60[ 0.060] [ 0.050[ 051 7.75] 3.99 16.04] <0.01] 1.58] 0.107
0.081] 0.30} 5.97] 122} 14.34] <0.01] 1.86] 0.144[ | 0.052[ 047 7.83] 4.01f 17.08] <0.01| 1.61] 0.046| | 0.047} 046[ 7.77] 3080 17.13] <0.01] 1.58] 0.122
0.084] 027} 14.34] 1.21] 14.48 <0.01] 1.79] 0.122] [ 0.048 0.46] 7.90[ 4.02f 18.15] <0.01] 1.60[ 0.060| [ 0.049] 0.49] 7.87] 3.97 18.04 <0.01] 1.57] 0.123
0.081] 0.32f 19.63] 1.20] 14.31] <0.01] 187 0.141] | 0.049] 048] 7.92] 3.96] 1522 <0.0] 0.07] 0.042] [ 0.046] 047 785 4.00[ 1523 <0.01] 0.0 0.132
0.091f 0.03] 9.77] 1.24] 14.26] <0.01] 191 0.137 | 0.048] 0.48] 7.90] 4.03| 1525 <0.01] 1.04] 0.054] | 0.048 0.46] 7.85] 4.00] 15.23] <0.01] 0.99 0.115
0.091] 0.24] 9.73[ 1.21] 14.41] <0.01] 1.88 0.147] | 0.046] 0.44] 7.90] 3.95| 15.14] <0.01] 1.98] 0.056] | 0.040[ 0.49] 7.74] 3.99] 15.13] <0.01] 7.9 0.116]
0.090f 1.14] 9.84] 121] 14.39] <0.01] 1.88] 0.137| | 0.042[ 0.48] 8.05] 3.98 15.25] <0.01f 3.00] 0.046| | 0.044[ 0.45[ 7.77[ 4.01] 15.21] <0.01] .04 0.131
0.095] £.85] 9.95] 1.20] 14.48] <0.01] 1.86] 0.142] [ 0.048] 0.47] 8.05] 4.01] 15.20] <0.01] 4.0 0.055] | 0.051] 0.46] 7.80[ 4.00] 15.23] <0.01] 3.99 0.135
0.082] 0.28] 9.93] 1.18] 14.32 <0.01] 6.04 0.128

0.083 0.26] 9.91] 1.20] 14.66] <0.01] 0.94 0.124

0.083] 0.28] 9.8¢] 1.19] 14.33] <0.01] 304 0.127

0.076] 0.28] 9.5¢] 1.21] 14.31] <0.01] 394 0.129

d) Steel D e) Steel E

C Si Mn | Ni Cr Mo | Cu N C Si Mn Ni Cr Mo | Cu N

0.061] 0.54 3.62] 455 17.3] 0.27] 2.57 0.114] [0.057] 043] 3.94 6.5q 17.15] <0.01] 2.03] 0.052)

0.063] 0.57] 5.94] 4.67] 17.18] 0.28[ 2.58] 0.108] [0.058] 0.48] 6.12] 6.48] 17.10] <0.01] 2.00] 0.047

0.058) 0.56] 5.05] 4.68 17.08] 0.27 2.60] 0.095| [0.062] 049 5.10 6.34] 16.95} <0.01[ 2.01] 0.049

0.060| 0.56] 2.96] 4.53] 17.30] 0.27] 2.60] 0.099] |0.055] 0.44] 3.04 6.48 17.07] <0.01] 2.02] 0.050]

0.059| 0.56] 1.93] 4.52| 17.36] 0.24] 2.56] 0.100] |0.053] 047 2.0 6.46] 17.04] <0.01] 2.00] 0.043

0.061) 042] 0.76} 4.63] 17.30[ 0.26[ 2.60] 0.093| [0.063] 044 0.04] 639 17.14] <0.01] 1.98 0.043

0.061] 0.55] 3.67} 7.05] 17.25] 0.26] 2.58] 0.096] |0.059] 0.50] 4.11f 9.0 17.03[ <0.01] 2.01] 0.039)

0.061] 0.53] 3.84] 5.9¢] 17.15| 0.28] 2.62] 0.078] |0.060] 048] 4.06] 5.9 17.07] <0.01] 2.02] 0.039)

0.061] 060 3.81} 3.89 17.27] 0.28] 2.59 0.090| [0.056] 0470 4.08] .43 17.11] <0.01] 2.01] 0.053

0.058] 0.59] 3.79] 3.09 17.23] 0.27] 2.66 0.086| [0.058] 0.48] 4.03] 6.46] 75.98 <0.01] 2.00] 0.041

0.062| 0.60] 3.77| 4.58] 18.93] 031 2.51] 0.092] |0.061] 048] 4.07 6.48] 78.10] <0.01] 1.98] 0.048

0.055] 060 3.76| 4.58] 17.88] 0.29] 2.56] 0.091| [0.066] 0.48] 4.09] 6.48f 75.14 <0.01] 2.01] 0.041

0.057) 0.57| 3.76] 4.57| 15.96} 0.25] 2.65| 0.088| [0.060] 0.47] 4.10] 6.51] 17.15] <0.01] 4.04] 0.045

0.062| 0.59] 3.88] 4.54] 15.07] 0.24] 2.65] 0.084] |0.058] 048] 4.10{ 6.56] 16.72] <0.01] 3.02] 0.040)

0.072] 0.09) 3.64] 4.64] 17.19] 0.22] 2.60] 0.111] [0.057] 0.46] 4.05 6.48] 17.06] <0.01] 1.01] 0.053

0.069] 0.31] 3.68] 4.66| 17.17] 0.25] 2.56] 0.115| [0.059] 048] 4.10] 6.52] 17.10] <0.01] 0.00] 0.046]

0.070] 110} 3.63 4.64 17.38] 0.24] 2.36] 0.118

0.066] 0.56] 3.76] 4.57 17.26] 0.95] 2.62] 0.104

0.062f 0.58] 3.79] 4.68] 17.18] 0.08 2.59] 0.091

0.056] 0.62[ 3.80] 4.56 17.18] 0.2¢] 4.11} 0.086)

0.062] 0.60[ 3.80[ 4.56| 17.33] 0.27] 3.01} 0.089)

0.060{ 0.61[ 3.77] 457} 17.45] 0.27] 1.89] 0.094

0.061f 0.60[ 3.74| 459 17.53] 0.29] 0.94 0.102
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Fig. 1. Effects of alloying elements on microstructures of cold rolled and annealed sheets in Cr—Mn~-Ni stainless steels.
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a) Cr b) Ni c) Mn d) Cu e) Mo & Si
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Fig. 2. Effects of alloying elements on mechanical properties.
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Fig. 3. Effects of alloying elements on deformation-induced martensite transformation content (TRIP) by tensile deformation (true
strain 0.3).
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Table 2. Comparison of coeflicient of Ni equivalents in austenite stability.

Cu C N | Mn Si Cr Mo Nb comment
Angel!® - 48.6 | 48.6 | 0.85 1.14 1.44 | 2.03 Experiment
Nohara2s 1 159 {159 0.28 0.32 0.47 | 0.64 | 2.3 |Experiment: SUS301
Takemoto30 - 9.69 19.69|0.60 | —0.11Si2 | 0.18 Experiment
Hirayamal? | - 12.6 - 1.0 0.35 0.65 | 0.98 Thermodynamics
Sanga29 0563|1293 | 7.55|1.11| —0.27 [0.72| 0.88 | 0.19 | Thermodynamics
This work 1 159 |[15.9|0.66 0.32 0.47 | 0.64 Experiment

26



Cr-Mn-NiAt =27 F 4 VRAT VL AFAOEMAIMEZ M THREY LT V4 4 NERIZRIFTAETEORE

ISV, MnOREIZ0.66 & KE WV, BES 2,
2% Mn LT 0 SUS301 BRI DB 2B U T Md,, & il L T
Wh7%), ManDF+ — 27+ 4 P RENMDKE LR 4R
HTEabroeEZONE, —JF, FEMCr- NI
SEIMEIZRIZTASTTROMELRAE L 2RA 500K
O Mn DFREUTARBIZED Z Iy, IR S 135 A 8% Mn
EEMETHBRL T B0, MunDKELA —AFF 4
PRENIREBRINLZEZEZ6ND, ZDXSID, W%
FIZ& T, BILEORBIZERNWEL 208, EEHh ok

ELTOWBHAIE, #EL 2R aHEICEEXhTWhaa
D %,
—J7, RS PR =ms ik, BhETF - 406 &KI0HK

DA =27 F 4 P REMDIREHEB LTS, 2L T,
MnidNi & HEDOF - 257 F 4 P RFELREEL TS
ZEMWRENTVS, LAL, ZHE6NYEEARIED
MIFERE~ILT V34 P BOBRIE, MnlZBL CBRMn
TE, MuOBREAEONRETTTI2LERDSH 5 7 & 5l
WU T, BUTFERIBITIC B 50 DO RIARE L ¢
WatEZLO6NS,

SHEFHO Cr—Mn-Nififl O M B O MU, BT E B &
O =274 P REFIZRIETASTTRDOBEIZONT
WAL, RANEIOREEE & B &R OBIR A BET L
7zo LT, PITORERSIE SN,

(1) Cr-Mn-Ni#OMBEXIL, BH 7254 M B(o) &
VAT YA P ERERTHEEWG M EHVWS Z E
IZ&k->TH6N7z, Z U T, Cr—Mn-Ni#iD /L1 AR
20T, =274 FlfEHB 372901213, a=0% T,
Nig ™ z30 27 IR TH T E R & 502 LA 5 A
Lol

(2) Cr-Mn-Nig#fD 0.2% it 73 & o DBIRR A 15 7243
TNTNDERILROHEK L CrNiflOZh e k& ks
Wit ooz,

(3) SERIMTIZ& > THECIMILTBRY LT V44 b
EREE LI DOBRA2 6, Co-Mn-NifiDOA+ — 25+ 4 +

27

REEERI NG RN ) »HFEoh%, ZLT, =Y
£ UM E KIS BN, 21 19~2012/F7E L, 218 E Tk
EIE—RELD, MIMEOIREE LT, ZOHEMEIIR
nr’z,

X B

1) T.Oshima, Y.Habara and K.Kuroda: Tetsu-to-Hagané, 92 (2006), 233.

2) R.Franks, W.O.Binder and J.Thompson: Trans. Am. Soc. Met., 47
(1955), 231.

3) M.Tsuda: Nippon Yakin Tech. Rep., 3 (1994), 49.

4) FB.Pickering: Int. Met. Rev., 21 (1976), 227.

5) N.Ohkubo, K.Miyakusu, Y.Uematsu and H.Kimura: ISIJ Int., 34
(1994), 764.

6) K.JIrvine, T.Gladman and EB.Pickering: J lron Steel Inst., 207
(1969), 1017.

7) S.Kawashima, R.Kessoku,
Hagané, 63 (1977), 865.

8) M.Fujikura, K.Takada and K.Ishida: Trans. lron Steel Inst. Jpn., 15
(1975), 464.

9) Y.lkegami and R.Nemoto: ISLJ Int., 36 (1996), 856.

10) M.B.Cortie, D.Wellbeloved, M.Kincer and R.A.Lula: High Mn High

N Austenitic Steels J., (1993), 177.

A.K.Raj and K.A.Padmanabhan: J Mater. Sci. Lett., 16 (1997), 1920.

T.Hirayama and M.Ogirima: J. Jpn. Inst. Met., 34 (1970), 507.

T.Angel: J. Iron Steel Inst., 177 (1954), 165.

JM.Larsen and A.W.Thompson: Hidrogen Effects in Materials, ed.

by A.-W.Thompson and N.R.Moody, TMS, (1996), 865.

K.Hoshino and K.Mukai: Tetsu-to-Hagané, 69 (1983), 631.

K.Hoshino: Tetsu-to-Hagané, 63 (1977), 659.

H.Uchida: Press Working, 24 (1986), 107.

T.Ozaki and T.Konuma: Corros. Eng. (Jpn.), 36 (1987), 83.

M.Usuda, S.Hiwatari, M.Takahashi, Y.Sakuma and T.Katayama: J

Jpn. Soc. Technol. Plast., 39 (1998), 77.

S.Takahashi, T.Sasaki, M.Hashimoto and H.Hirose: Trans. Jpn. Soc.

Mech. Eng. 4, 66 (2000), 1172,

A.L.Schaeffler: Weld. J, 26 (1947), 601s.

W.T.DeLong, G.A.Ostrom and E.R.Szumachowski: Weld. J, 35

(1956), 521s.

T.Oshima, A.Kimura, T.Hamada, Y.Habara and K.Kuroda: Zetsu-to0-

Hagané, 92 (2006), 372.

F.C.Hull: Weld. J, 52 (1973), 193s.

H.Nohara, H.Ono and N.Ohashi: Tersu-ro-Hagané, 63 (1977). 212.

N.Ito, M.Ogaya, K.Yokoyama and S.Ishiyama: Nippon Stainless

Tech. Rep., 13 (1977), 1.

1.J.Sjoberg: Wire, (1973), 155.

T.Gladman, JHammond and FW.Marsh: Steel Metal Industry.

(1974), 219.

M.Sanga, N.Yukawa and K.Ishikawa: Proc. 49th Jpn. Joint Conf.

Technol. Plas., (1998), 53.

T.Takemoto, Y.Murata and T.Tanaka: /SIJ Int.. 30 (1990). 608.

S.Kaneko and K.Harada: Tetsu-to-

11)
12)
13)
14)

15)
16)
17)
18)
19)

20)

551 I



