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Aging test of modified stainless steels and advanced alloys

K.Tada*, S. Tani**
H.Yoshimochi* and T. Ikkai*
Abstract

Thermal behavior of 10 alloys selectéd at the New Alloy Development Working
Group in FBR Material Specialists Comittee has been studied experimentally.

~ These alloys were aged at 650 ~ 750 C for 7000 hr and metallurgical tests were per-

formed. The results obtained are summarizéd as follows.

(1) The time/temperature ranges for the formation of the carbide and ¢ phase

are obtained for modified stainless steel.

(2) 15Cr-15Ni austenitic steels show precipitation hardning with aging treat-

ment. Hardness of 7' strengthened steels decreases after it early increases.

* Material Monitoring Section, Fuel and Material Division, O-arai Engineering
Center, PNC.

** Analysis and Evaluation Section, Fuel and Material Division, O-arai Engineering
Center, PNC.
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Table 1. Chemical Cdmposition of Imvestigated Alloy.
Alloyb | C Si Mn P S Ni Cr | Mo B N Al As Co |Nb+Ta| Ti v Cu Zr o
17 10.072 | 0.90 | 1.76 | 0.028 | 0.007 | 13.97 | 16.22 | 2.45 |0.0027 | 0.0071 | 0.024 |<0.002!<0.10 | 0.209|0.100 ! 0.020 | 0.03 §.004 0. 0060
18 [0.063 | 0.93 | 1.73 {0.025 {0.005 {13.82 | 16.52 { 2.59 !0.0016 {0.0025 | 0.027 { 0.001{ 0.01 { 0038{0.20 |0.02 {<0.01 {<0.01
24 006 | 1.02| 163 [0.028 [0.004 | 1371 | 15.07 | 2 62 |0.0062 | 0.0037 | 0.024 |<0.001 |<0.01 | 0008 |0.24 |0 005 |<0.01 <0.01 o.oda
25 10.06 | 0.98 | 1.67 |0.025 |0.003 }19.46 | 14.35 | 2.34 |0.0064 | 0.0027 | 0.027 {<0.001 [<0.01 | 0002)]0.35 |0.006 |<0.01 |<0.01 !0.006
26 {0.06 | 1.02 | 1.61 {0.026 |0.003 |24.67 | 14.75 | 2.44 | 0.0061 {0.0025 { 0.026 {<0.003 [<0.01 | 0.002|0.38 {0 003 {<0.01 {<0.01 |0.006
i 27 006 | 1.00| 1.6510.024 |0.002 |20.10 | 14.43 | 2.42 | 0.0057 | 0.0021 | 0.028 |<C0.001 {<0.01 | 0002}0.33 |0.004 |<0.01 |<0.01 |0. 009
- . .
! 37 10.069 | 1.00 | 1.86 {0.030 |0.0006|25.21 | 14.94 | 2.55 | 0.0072 }0.0043 | 0.024 |<0.005|<0.01 |<001 |0.33 !0.003 |<0.005]| 0.062 0.00¢3
40 1009 ) 1.02 } 1.62 | 0.026 |0.004 |14.82 | 14.90 | 3.40 |0.0064 |0.0030 | 0.028 |<0.001 {<0.01 | 0.084}0.30 |0.110 {<0.01 | 0.07 |0.008
49 1008 | 0.36 | 0.20 {0.023 | 0.002 |42.99 | 16.86 | 2.94 |0.0054 | 0.0027 | 0.82 ]<0.001 [<0.01 | 0003}1.29 |0.005 |<0.01 |<0.01 |0.004
50 10.036 | 0.18 | 0.20 {0.022 {0.003 |42 16 { 1574 | 0.55 | 0.0061 {0.0031 | 0.39 |<0.001{<0.01 | 256 | 1.75 |0.003 {<0.01 {<0.01 |0.006

9V 1-2¢8 TP6NL-IONd




Table 2. Final Heat-Treatment, Cold Work, Grain Size and Hardness.

Alloy M | Final heat treatment Cold work (%) f;;i,rnMsZe) Hv
17 1130C x 3 min 19.8 7.5 236
18 1090C x 30 min 19.5 7.5 234
24 1100T x 30 min 8.5 5.3 214
25 1125T % 30min 10.6 4.5 201
26 1125C X 30min 10.6 4.8 . 212
27 1125C x 30 min 8.5 4.0 209
37 1080T X 2 min 10.2 ~ 11.7 6.8 214
40 1125T X 30min 10.6 5.8 215
49 nzicgoxo goxmil“o h 8.7 4.9 285
50 1050+'C85X030xm11110h 8.2 } 6 314

1% 1]
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Table 3. Aging Condition of Fuel Claddings.
Aging Aging time (hr)
temperature
(tc) 100 1000 3000 7000
650 @] O Q O
700 O @ O @
750 @] @ O O
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Table 4. Hardness of As-received and Aged Alloy No.17,
: State Temperature (t) Time (hr) Hv
As — received - - 2176
100 276
1000 287
6560
3000 283
7000 321
100 3017
1000 311
s Aged 700
| 3000 242
i 7000 272
|
! 100 260
; 1000 253
i 750 ’
i 3000 255
; 7000 238
Table 5, Hardness of As-received and Aged Alloy No. 18,
State Temperature (T) Time (hr) Hv'
As ~ received - - 285
100 304
1000 296
650
3000 299
7000 324
100 289
Aved 700 1000 285
ge 3000 254
7000 292
100 270
1000 283
750
3000 323
7000 236
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Table 6. Hardness of As-received and Aged Alloy No.24.
State Temperature (TC) Time Chr) Hv
As — received - - 260
100 267
1000 279
650
3000 255
7000 321
100 279
Aged 700 1000 304
3000 247
7000 291
100 285
750 1000 2171
3000 261
7000 216
Table 7. Hardness of As-received and Aged Alloy No.25.
State Temperature (C) ~Time (hr) Hv
As — received — — 225
100 246
650 1000 266
3000 295
7000 285
100 268
Aged 700 1000 285
3000 240
7000 270
100 244
1000 229
750 '
3000 223
7000 206
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Table 8. Hardness of As-received and Aged Alloy No.26.
S tate Temprature (TC) Time Chr) " Hv
: As —received ‘ - - 215
5 100 253
: . 1000 258
: 650
: 3000 2173
: 7000 271
; 100 | 2174
§ - 1000 -
{ | Aged o 3000 219
j 7000 257
| 100 258
750 1000 246
) 3000 224
7000 202

Table 9. Hardness of As~received and Aged Alloy No.27.

S tate Temperature (T) Time (hr) Hv
As — received —_ —_— 225
100 257

650 1000 250

3000 231

7000 263

100 263

A _ 00 1000 283
ge 3000 226
7000 220

100 269

1000 245

750 3000 224

7000 192

...12_
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‘Table 10. ~ Hardness of As-received and Aged Alloy No.37.

State Temperature (T) Time Chr) Hv
As — received ‘ — —_ 2417
100 299
1000 269
650
3000 254
7000 267
100 252
! 1000 286
; Aged 700
t _ 3000 220
4 7000 266
f 100 229
{ 1000 276
i 750
; 3000 224
: 7000 201

Table 11,  Hardness of As-received and Aged Alloy No.40.

S tate Temperature (TC) Time Chr) Hv
As —received — - 262
100 247
1000 327
650
3000 281
7000 316
100 293
1000 254
Aged 700
3000 247
7000 280
100 293
1000 263
750
3000 269
7000 223




PNC-TN941

82-146

Hardness of As-received and Aged Alloy No.49,

Table 12.
State Temperature (C) Time (hr) Hv
As — received - - 316
100 3178
1000 364
650
3000 355
7000 378
100 334
Aad 700 1000 321
Bee | 3000 300
7000 320
100. 335
1000 314
760
3000 296
7000 266
Table 13. Hardness of As-received and Aged Alloy No.50.
State Temperture (TC) Time Chr) Hyv
As —received — —-— 304
100 44
1000 407
650
3000 392
7000 419
100 406
00 1000 381
Aged 7 3000 324
7000 324
100 360
750 1000 343
‘ 3000 284
7000 267
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Micrographs of aged alloy No.17.
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Micrographs of aged alloy No.50.
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