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Contraction of Cold Rolled Austenitic Stainless Steels during Annealing at Low Temperature

Haruo Aovama

Synopsis : Austenitic stainless steel has good corrosion resistance because of its high chromium content. Moreover, it can be
hardened significantly by cold-working, though it is not hardened by heat treatment. Cold rolled austenitic stainless
steel is, therefore, widely applied in spring parts, transportation equipment, architectural materials and so on. However,
this cold rolled austenitic stainless steel has the peculiar behavior during annealing at low temperature which is not
observed in annealed stainless steel. (1)1t contracts significantly parallel to the rolling direction during annealing
without load. (2)Creep occurs at low stress below the proof strength. To study the mechanism of contraction, the
effect of stability of austenite, hardness and martensite induced plasticity on contraction were investigated, and 309
reduced austenitic stainless steel was found to contract by 3~17X107* during annealing. Contraction is considered to
be connected with e-martensite and stress relaxation.

Key words : austenitic stainless steel ; cold work ; annealing ; stacking fault energy ; e-martensite ; stress relaxation.
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Table 1. Chemical Composition. (mass%;)

No. Grade C Si Mn P S Ni Cr Mo Cu N
1 301 0.095 0.66 1.00 0.032 0.006 7.18 17.16 0.18 0.14 0.052
2 304 0.057 0.65 1.01 0.033 0.005 8.07 18.02 0.16 0.19 0.064
3 Cu-304 0.056 0.70 0.95 0.032 0.002 8.13 18.01 0.25 0.99 0.066
4 316 0.042 0.50 0.94 0.033 0.007 11.22 17.25 2.10 0.35 0.021
5 310S 0.056 0.77 1.18 0.019 0.001 19.35 24.57 0.04 0.04 0.030
6 304J1 0.020 0.68 1.26 0.031 0.005 7.10 15.69 0.19 2.08 0.057
7 Hi.Mn 0.188 0.41 14.60 0.022 0.002 1.28 17.32 0.07 0.08 0.367
8 XM7 0.036 0.51 1.72 0.032 0.001 9.08 18.23 0.08 3.25 0.038
9 Sub-Z. 0.115 0.98 0.65 0.023 0.003 4.87 14.72 0.99 2.10 0.029

—
10 630 0.046 0.64 0.63 0.031 0.007 4.05 16.15 0.09 3.70 0.039
11 430 0.058 0.36 0.46 0.025 0.003 0.20 16.13 0.03 0.06 0.025
12 Ni 0.018 0.15 0.25 0.001 0.003 98.79 0.04 <0.01 <0.01 0.001
13 Cu 0.001 <0.01 <0.01 0.001 - 0.001 <0.01 <0.01 <0.01 99.96 <0.01
14 Steel 0.018 <0.01 0.13 0.013 0.009 <0.01 <0.01 <0.01 0.03 0.002
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Table 2. Anisotropy of Contraction during anneal-
ing at low temperature.(X107%)

«'Ms| Mdy, | 300°C 400°C 500°C
No. | Grade

% | ‘¢ |RD.[TD.|RD.|TD. |RD.|TD.
1 1301 |22 | 18l 11| -1 15 -3 17| -1
> | 304 | 12| -8l 10| o nn| 1] 12| 1
3 lcu304 3| —a3s| 9| 2] 10| 2| 9o 2
| 36| 0 (-1l 5| 1{ 7| 1| &l 1
5 (30| ol — | «| 2| 4| 1] 5 2
6 (30471 31 | 14/ 5| 1| 8| -1] 9| 3
7 |HiMn| o [—105] 11 | 1] 13| o 14| o
8§ | XM7| o |—10] 3] o] 3| 1| 2| 1
9 Sub-z| s2 | 48] 5| 20 8| ol 6| 2
10 | 630 | 75 s 2| 2] o 2| 3
11| 430 | (79) 2 1| 2] 11 1] 2
12 | Ni 2 o) 2| -1] 3] o
13 | Cu o ol ol ol -3|-1
14 | Steel | (94) 1 ool =1 1] of 1

Specimens are reduced 30% in thickness at room temperature.
R.D.=rolling direction. T.D.=transversal direction
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Table 3. Hardness of cold rolled and low tempera-
ture annealed specimens. (HV)

° 400°C 500°C
No. (_(irade Rolled 300°C 00°C 0
1 301 459 460 458 426
2 304 371 383 388 374
3 Cu-304 353 367 367 369
4 316 315 315 313 321
5 310S 281 293 294 302
6 304]1 355 372 387 361
7 Hi.Mn 430 453 452 457
8 XM7 295 307 312 320
9 Sub-Z 512 497 535 464
10 630 453 . 492 510 459
11 430 250 257 256 248
12 Ni 199 205 201 185
13 Cu 108 42 40 40
14 Steel 171 180 180 167

Specimens are reduced 30% in thickness at room temperature.
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Relationship between contraction during
annealing and Vickers hardness of speci-
men reduced by 30% at room temperature.
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Table 4. Amount of a’Martensite after rolled in
different temperature. (vol23)

Rolling Temperature
No. Grade
25°C 50°C 100°C
1 301 22 13 2.0
2 304 12 3.5 0.5
3 Cu-304 3.3 0.8 0.2
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annealing and value of stacking fault
energy calculated by eq.(2).
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