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Effect of chromium contents on material properties of high chromium ferritic
steel

Masanori Ando* Takashi Wakai* Kazumi Aoto*

Abstract

High chromium ferritic steel, having both advanced thermal properties and high
temperature strength, is a candidate for the structural material of the future J. apanese
Fast Breeder Reactor (FBR). In this study, material physical properties of several kinds
of 12Cr steels and high purity Fe-Cr alloys are measured to suggest the adequate high
chromium steel for the structural material of FBR. The following conclusions: are
obtained from measured data and the literature data of 2.25Cr-1Mo and Mod.9Cr-1Mo
steels.

(1) Thermal conductivity decrease with Cr contents increase. However, the difference of
the thermal conductivity caused by Cr contents becomes not so significant in high
temperature.. | '

(2) Thermal expansion decreases with Cr contents increase. However, Cr dope in the
iron more than 30mass% is not so efficient to suppress the thermal expansion.

(3) Young’s modulus increase with Cr contents increase.

(4) In this study, the effect of W contents on the 12Cr steels is insignificant.

(5) Improving the performance against thermal stress by doping Cr is expected as far as
the iron contains low Cr.

(6) Above results suggest that there is limited utility to improve the physical properties
of high Cr ferritic steel for FBR by control of Cr contents.

*Advanced Technology Division, Advance Material Research Group
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5.1.2
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LE RIS TN B 5, 2 OMKRIILEICS X 2 HBIHE LA LERS TR
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T%@ﬁ&t&&%b%hﬁmoitﬁymtﬁéh%1%h%%@%%ﬁ$twsz
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Table 5 Measurement result of specific heat in 12Cr steels.

‘ Specific heat
Temperature

) Jig-K
¢ 11Cr-0.4Mo-2W | 10.2Cr-1.2Mo-0.35W | 10.5Cr-1.5Mo-0W
25 0.452 0.452 0.454
100 0.482 0.478 0.487

- 200 0.527 0.517 . 0.525
300 0.567 0.560 0.573
400 0.616 0.598 0.613
500 0.691 0.700 0.692
600 0.807 0.803 0.802

Table 6 Measurement result of specific heat in Fe-Cr alloy.

Temperature Specific heat
°c Jig-'K
Fe-30Cr Fe-35Cr - Fe-50Cr Fe-60Cr
25 0.458 0.462 0.452 0.464
100 0.483 0.490 0.489 0.500
200 0.529 0.529 0.520 0.522
300 0.594 0.581 0.573 0.559
400 0.625 0.630 0.583 0:568
5600 '0.674. 0.688 0.599 0.578
600 0.769 0.734 0.608 0.613
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Table 7 Measurement result of thermal conductivity in 12Cr steels.

Temperature Thermal copductivity
°C Wm-K
'11Cr-0.4Mo-2W | 10.2Cr-1.2Mo0-0.35W| 10.5Cr-1.5Mo-0W

25 21.4 26.4 26.5

100 23.0 26.8 27.9

200 25.0 27.6 28.1

300 25.9 28.6 29.3

400 26.7 28.3 29.0

500 27.4 29.9 29.2

600 217.9

29.7

28.8

Table 8 Measurement result of thermal conductivity in Fe-Cr alloy.

Temperature ‘Thermal conductivity
" Wm-K _
Fe-30Cr Fe-35Cr Fe-50Cr Fe-60Cr

25 23.7 217 18.4 17.7
100 23.5 224 . 194 18.6
200 23.9 22.3 19.5 19.6
300 25.0 23.0 21.2 21.2
400 24.6 23.4 22.8 22.3
500 25.2 24.3 23.4 24.4
600 27.8 274 25.4 26.7
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Table9 Measurement result of thermal expansion coefficient in 12Cr steels.

Temperature Thermal expansion coefficient . %
C | 11Cr0.4Mo-2W | 10.2Cr1.2Mo-0.35W 10.5Cr-1.5Mo-0W
20 0.000 0.000 0.000
50 0.031 . 0.030 0.030
100 . 0.085 ' 0.085 0.083
150 0.141 0.143 , 0.143
200 0197 ~0.200 0.201
250 0.253 0.255 0.255
800 | 0316 0317 0.315
350 | 0.378 0.375 0.376
400 - 0.440 0.440 ~0.440
450 0.503 0.503 0.506 -
500 0.566 0.568 0.569
550 | 0.637 0.636 0.638
600 0.702 0.706 0.709

Table 10  Measurement result of thermal expansion coefficient in Fe-Gr alloy.

Temperature . . Thermal expansion coefficient % .
°C | Fe-30Cr Fe-35Cr Fe-50Cr Fe-60Cr
20 | 0000 0.000 0.000 0.000
50 0.025 0.029 0.025 0.024
100 0.076 0.078 0.069 | 0.070
150 10,127 0.128 0.113 0.116
200 0.178 0.177 0.156 0.163
250 0.228 0.226 0.201 0.211
300 0.281 0.282 0.244 0.261
350 0.33¢ |  0.337 0.307 0.313
400 0.396 0.390 - 0.360 0.370
450 0.454 0.446 0.417 0.428
500 0.515 0.505 0.477 0.482
550 . 0.574 0.569 0.544 0.547
600 0.631 0.626 0.606 0.610
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Table 11 Measurement result of coefficient of thermal expansion in 12Cr steels.

* Coefficient of thermal expansion (108/°C)
Temperature]  11Cr-0.4Mo-2W .~ 10.2Cr-1.2Mo-0.35W 10.5Cr-1.5Mo-0W
°C : Mean Mean B " Mean
Instant. : - | Instant. Instant.
(20°C~) (20°C~) (20°C~)
20 10.3 _ 10.8 | 10.8
50 10.6 10.3 10.8 10.0 10.9 10.0
100 10.9 10.6 11.0 10.6 1.1 10.4
150 11.2 10.8 11.2 11.0 1.3 11.0
200 11.5 10.9 114 11.1 11.5 11.2
250 11.8 11.0 11.7 11.1 11.8 111
300 | 12.1 11.3 12.0 11.3 - 12.1 118
350 12.4 115 12.3 11.4 12.4 114
400 12.7 11.6 - 12.6 11.6 128 | . 118
450 12.9 117 129 11.7 131 |. 118
500 132 1.8 13.3 11.8 13.5 11.9
550 13.4 12.0 13.7 12.0 18.9 12.0
600 13.6 121 14.1 12.2 14.3 12.2

__24__
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Table 12 Measurement result of coefficient of thermal expansion in Fe;Cr alloy.

~ Coefficient of thermal expansion (10€/°C)

Temperature Fe-30Cr Fe-35Cr Fe-50Cr Fe-60Cr
C Mean o Mean Mean .| Mean
: Instant. Instant. Instant. Instant.
(20°C~) (20°C~) (20°C~) (20°C~)

20 9.1 9.5 7.9 | 8.58

50 . 9.4 8.3 9.6 9.7 8.1 8.3 8.73 8.0
100 - 9.9 956 - 9.8 9.8 8.4 8.6 8.99 8.8
150 10.1 98 10.0 9.8 8.8 8.7 9.28 8.9
200 10.4 9.9 10.2 9.8 9.2 8.7 - 9.59 9.1
250 10.7 9.9 10.4 9.8 9.7 8.7 993 | 9.2
300 11.0 10.0 10.7 10.1 10.2 8.7 10.30 9.3
350 11.2 10.1 10.9 10.2 10.7 9.3 10.69 9.'5
400 11.5 10.4 11.2 10.3 11.2 9.5 11.12 9.7
450 11.7 10.6 11.5 104 11.8 9.7 Il_.56' - 10.0
500 11.9 10.7 11.8 10.5 125 | 99 |1204] 100
550 12.1 10.8 12.2° 10.7 13.1 10.3 | 12.54. 10.3
600 12.3 10.9 12,5 10.8 13.8 104 13.07 10.5
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Table 13 Measurement result of Young's modulus and Poisson’s ratio in 12Cr steel.

Temp. 11Cr-0.4Mo2W | 10.20r1.2Mo-0.35W | 10.5Cr1.5Mo-0W
(C) E (GPa) # | E (GPa) u . [E(GPa)| wu
20 215.1 0.304 214.7 10299 | 216.0 0.285
50 213.6 0.304 213.1 0.297 2145 0.285
100 211.6 0.305 211.3 0.298 | 2125 | 0.285
150 209.0 | 0:306 208.8 0.299 | 2100 | 0.286
200 206.1 0.308 206.1 | 0.801. | 2072 | 0.287 .
250 202.6 0.312 | 2030 | 0.308 | 2039 | 0.288
300 -199.2 0314 | 1996 0.306 200.7 0.29
350 195.1 0.316 195.7 0.308 196.7 0.292
400 190.2 0.321 190.9 0.312 192.0 0.295
450 184.1 0.327 1850 | 0315 | 1861 | 0.3
500 177.2 10.335 1783 | 0.322 179.6 0.304
550 170.3 0.339 170.1 0.322 1724 | 0.31
600 1594 | 0.344 160.7 10.328 | 162.1 0.311

Table 14 . Measurement result of Young’s modulus and Poisson’s ratio in Fe-Cr alloy.

Temp. Fe-30Cr 1 Fe-35Cr Fe-50Cr . Fe-60Cr
‘C |E(GPa) | 4 [E(GPa)| u [E(GPa)| u {E (GPa)| u
20 - 216.6 0.277 | 220.1 | 0.307 | 209.0 2334
50 2148 | 0274 | 2179 | 0.304 | 2076 A
100 212.6 | 0273 | 2157 | 0.306 | 2047 229.7

150 209.8 | 0.274 | 212.7 | 0.308 [ 2017

200 206.5 | 0.275 | 209.1 | 0.31 | 197.9 224.2

- 250 202.9 | 0.272 | 204.7 | 0.313 | 193.7
300 199.0 | 0.277 | 200.1 | 0318 | 189.7 218.2
350 1942 | 0279 | 1955 | 0.321 | 186.5 N
400 189.1 | 0.278 | 1906 | 0.323| 1818 | 210.3
450 1836 | 0279 | 1857 | 0.323| 1784
500 1776 | 0279 | 180.6 | 0.324 | 1745 | 201.9
550 1675 | 0277 | 1716 | 0.328 | 169.2
600 1570 | 0.276 | 1625 | 0.332 | 1633 | 192.2
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