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Effects of Alloying Elements and Thermomechanical Treatment
on Mechanical and Magnetic Properties of Cr-Ni Austenitic Steel
Toshihiko TAKEMOTO, Yasushi MURATA and Teruo TANAKA
Synopsis :

Effects of alloying elements and thermomechanical treatment on mechanical and magnetic properties of
Cr-Ni austenitic stainless steel have been investigated.

N and Si increase hardness after cold rolling as well as strain age hardening. Si decreases 7 stability
with respect to @’ transformation, while other alloying elements increase it. Nonmagnetism can be
maintained by controlling Ni,, an index of 7 stability. High strength-nonmagnetic stainless steel can be
obtained by utilizing strain age hardening and Ni,,.

Si changes deformation mode from dislocation multiplications to formation of stacking faults. Si
increases X-ray halfwidth at a given cold rolled condition, while decreasing it after aging treatment. It is
considered that a large strain age hardening by Si is attributed to increase of internal strain and
precipitation hardening. The decrease of 7 stability by the addition of Si may be due to the accerelation of
formation of @ phase by virtue of € phase.

Key words : hardness ; permeability ; austenitic stainless steel ; Si; N ; strain age hardening ; strain-induced

martensite transformation ; austenite stability.
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Table 1. Chemical compositions of steels used
(wt%).

S. No. C Si Mn Ni Cr N
Al 0.048 0.38 1.38 12.90 15.81 0.036
A2 0.045 0.37 1.29 13.03 15.65 0.064
A3 0.045 0.37 1.42 13.02 15.69 0.092
A4 0.049 0.39 1.57 12.87 15.67 0.140
A5 0.048 0.39 2.98 12.91 15.74 0.033
A6 0.053 0.39 4.52 12.89 15.95 0.014
A7 0.035 0.39 6.14 13.00 15.71 0.033
A8 0.047 1.35 1.49 12.77 15.91 0.027
A9 0.047 2.38 1.50 12.78 16.32 0.029
Al0 0.049 4.11 1.64 12.77 15.91 0.037
All 0.062 5.23 1.26 11.94 16.51 0.054
Bl 0.048 0.53 3.89 12.07 16.50 0.146
B2 0.049 1.70 3.83 12.00 17.13 0.150
B3 0.048 3.09 3.86 12.16 17.25 0.140
B4 0.048 4.65 3.93 12.13 17.10 0.120
BS 0.047 '4.68 5.94 12.25 17.30 0.137
B6 0.053 4.72 9.69 12.35 17.25 0.160
B7 0.064 4.95 8.08 11.29 13.26 0.128
B8 0.064 5.11 8.05 11.93 13.33 0.115
B9 0.044 4.49 8.21 13.25 13.34 0.134
B10 0.077 5.27 7.99 12.09 16.13 0.166
BI1 0.064  4.99 8.10  12.10 16.96  0.156
B12 0.054 5.38 4.84 14.65 17.55 0.138
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Fig. 1. Effect of N, Mn and Si on hardness for

annealed and 60% cold rolled conditions of steels in
A series.
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Fig. 3. Effect of Si on hardness for 60% cold
rolled and aged conditions of steels in B series.
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Fig. 4. Effect of N, Si and Mn on permeability for
annealed and 60% cold rolled conditions.
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Fig. 5. Effect of Si, Mn, Ni and Cr on perme-

ability for annealed and 60% cold rolled conditions
for steels in B series.
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Fig. 6. Relation between Ni equivalent and perme-
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Bl12 »
500} /
n
HV
o
//
400¢f n \ a-~
> P
I Z
- 7
§ Open:As coid rolied
£ 300p Solid: Cold rofled and _
8 aged 500°CxIh 1o o T
o >
200} » o—"  10005Z
O O=""" 3
5
1 1 1 i O. o
0 20 40 g0 0oo2a
Cold rotled reduction (%)
Fig. 7. Change in hardness as a function of cold

rolled reduction of B12, as cold rolled and
subsequently aged at 500°C for 1h.
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Fig. 8. Dependence of halfwidth and hardness on
cold rolled reduction for Bl and B4 steels.
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a) B1 steel

Photo. 1.

b) B4 steel

Transmission electron micrographs of Bl and B4 steels, 10% strained.
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a) Bl steel, 40% cold rolled.

Photo. 2.
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b) B4 steel, 40% cold rolled.
c) Bl steel, 40% cold rolled and aged at 500°C for 1h.
d) B4 steel, 40% cold rolled and aged at 500°C for 1h.

Transmission electron micrographs of B1 and B4 steels, cold rolled and aged at 500°C for 1h.
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a) 500°CX1h

b) 600°CX1h
a)taken by extraction replica method b)taken by thin foil method

Photo. 3. Precipitations observed after
treatments for B4 steel, 40% cold rolled.
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Fig. 10. Changes in amounts of martensites as a
function of tensile strain for All steel.
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a) Bright field image.
¢) Dark field image, €, phase.

d)

b) Dark field image, € phase.
d) Diffraction pattern.

Photo. 4. Transmission electron micrographs of All steels, 10% strained.

5)Si 12K B O ARFRNEL O RE K3 5 i FERERE D in
MHE DK & BB OB OB E &% S
R DOHEVERIC X AHE 0T AP0 L H O]
MibickadbLHEEINL.

6)Si it cHHOER*REZYE, eflzALTa’ M
DEFRFIRESELILICE) YREELKT €.
T e— o’ EREEHE ¥ RRMORIBERE L Fkoz
BichrLarn, Silk yZEEICH LEEKT LM
BROMEZAETHLO LIS SRS,

X 3

1) MRk BT, 17 1967), p. 63

2) BHME: ARLBE¥SEE, 26 (1962), p. 416

3 ) A. L. SCHAEFFLER: Metal Progress, 56 (1949), p. 680

4 ) W. T. DELONG, G. A. OSTROM and E. R. SZUMACHOWSKI:
Weld. J., 35 (1956), p. 521s ‘

5) BEAIK: $k &, 69 (1983), p. 998

6) T. GLADMAN, J. HAMMOND and F. W. MARSH: Sheet Metal

Ind., 51 (1974), p. 219

7) BEA: 8% LT, 16 1975), p. 993

8) KA, /BT &, BFFIRIEE: $k L 6, 63 (1977), p. 812

9) F. C. HuLL: Weld. J., 53 (1973), p. 193s

10) T. ANGEL: J. Iron Steel Inst., 177 (1954), p. 165

11) BREEZ, N &, KIRIER: #k L M, 63 (1977), p. 772

12) FILE, /MIBIEE: B ASBFEEE, 34 (1970), p. 507

13) S. FLOREEN and I R. MHALISIN: ASTM, STP-No. 369
(1963), p. 17

14) K. J. IRVINE, D. T. LLEWELLYN and F. B. PICKERING: J.
Iron Steel Inst., 199 (1961), p. 153

15) P. Gay, P. B. HirscH and A. KELLY: Acta Metall., 1
(1953), p. 315

16) HH45: SR EERES (1969), p. 10 [ H A THHAIH]

17) R. E. ScHRAMM and R. P. REED: Metall. Trans. A, 6
(1975), p. 1345

18) PHEFAIH: HAEE#E AR, 26 (1962), p. 420

19) C. J. GUNTER and R. P. REED: Trans. Am. Soc. Met., 55
(1962), p. 399

20) P. L. MANGONON, Jr. and G. THOMAS: Metall. Trans., 1
(1970), p. 1587

21) KiliE i, BEILE: B RSB 4, 52 (1988), p. 935




