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Effects of Minor Alloying Elements on Inherent Creep Strength Properties of Ferritic Steels
Kazuhiro Kivura, Hideaki Kusuva, Koichi Yact and Chiaki Tanaka

Synopsis : Creep rupture strength properties of carbon steel have been analyzed from a viewpoint of inherent creep strength, and
the effects of minor alloying elements on inherent creep strength have been investigated. Inherent creep strength,
which is a new concept proposed by the authors, is an essential strength property independent of both microstructural
morphology and time, and the governing factor of long-term creep strength property. Large heat-to-heat variation of
inherent creep strength observed for the carbon steel has been cleared to be caused by a remarkable improving effect
of Mo on that. However, strengthening effect of Mo has been speculated to saturate at a slight amounts of about

0.03mass%.

It has been concluded that an inherent creep strength of ferritic steel is governed by solid solution

strengthening effect due to such as C and Mo, and the maximum inherent creep strength is obtained by the addition
of C and about 0.03mass% of Mo. Moreover, it has been suggested that the inherent creep strength of many ferritic
heat resistant steels are maximum level for ferritic steels, consequently, creep rupture strength of those converges to

an almost same level at the long-term region.

Key words : carbon steel ; ferritic heat resistant steel ; inherent creep strength ; long-term creep strength ; Mo ; carbon ; solid solution

strengthening ; Larson-Miller parameter.
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Table 1. Chemical compositions(imass?%)of steels studied.
Heat : Reference code used in NRIM Creep Data Sheets.

Steels Heat C Si Mn Cr Mo Cu w \% Al N
Low carbon steel 0.012 tr. 0.03 — — 0.07 — — — —

CAA 0.20 0.31 0.59 0.046 0.011 0.05 — — 0.006 0.0056

CAB 0.20 0.28 0.60 0.045 0.010 0.05 — — 0.005 0.0066

CAC 0.20 0.29 0.55 0.054 0.012 0.05 — — 0.004 0.0058
CAG 0.21 0.21 0.62 0.046 0.019 0.05 — — 0.008 0.003
JIS STB 410 CAH 0.24 0.24 0.64 0.074 0.019 0.05 — — 0.011 0.006
CAJ 0.20 0.20 0.47 0.056 0.010 0.07 — 0.005 0.011

CAL 0.21 0.32 0.48 0.017 0.006 0.08 — — 0.004 0.0044

CAM 0.20 0.31 0.50 0.017 0.006 0.09 — 0.004 0.0037

CAN 0.23 0.32 0.53 0.022 0.005 0.07 — — 0.005 0.0051

CaC 0.28 0.30 0.70 0.07 0.02 0.22 — — 0.004 0.0097

CaD 0.20 0.22 0.68 0.11 0.03 0.23 — — 0.010 0.0077

CaE 0.34 0.22 0.70 0.10 0.03 0.20 — — 0.002 0.0107

JIS SB 480 CaF 0.28 0.19 0.80 0.06 0.22 0.04 — — 0.016 0.0073

CaG 0.29 0.20 0.93 0.03 0.36 0.06 — - 0.018 0.0045

CaH 0.29 0.22 1.00 0.07 0.34 0.05 — — 0.011 0.0035

CaM 0.22 0.22 0.82 0.06 0.18 0.08 — — 0.005 0.0082

CaN 0.26 0.23 0.74 0.04 0.15 0.07 — — 0.007 0.0108

JIS STBA 12 LAA 0.11 0.30 0.48 — 0.51 — — 0.005 0.0078

JIS STBA 20 MFE 0.12 0.25 0.44 0.71 0.52 0.06 — — 0.004 0.0058

JIS STBA 22 MBM 0.10 0.31 0.51 1.03 0.53 0.04 — — 0.009 0.0076
JIS STBA 23 MCH 0.10 0.70 0.47 1.24 0.56 0.07 — — 0.009 0.011
ASTM Ab542 MnA 0.15 0.39 0.44 2.27 1.00 0.04 — — 0.017 0.006

ASTM A470-8 VaA 0.28 0.20 0.72 1.02 1.12 0.20 — 0.27 0.002 0.0075

JIS STBA 25 MDE 0.11 0.37 0.45 4.68 0.50 0.05 — — 0.008 0.0159
JIS STBA 26 MEC 0.09 0.45 0.45 9.15 0.93 0.06 — — 0.009 0.017

JIS SUS 403-B RBC 0.14 0.31 0.46 12.00 0.04 0.05 — — 0.008 0.0167
JIS SUH 616-B RAH 0.25 0.35 0.70 11.9 0.99 0.03 0.95 0.28 0.027 0.021
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Fig. 1. Creep rupture strength properties of JIS
STB 410 at 673, 723 and 773K.
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Fig. 2. Creep rupture strength properties of carbon
steel (JIS STB 410) and 10 different types of
ferritic heat resistant steels.
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Fig. 3. Creep rupture strength properties of carbon
steel (JIS STB 410). )
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Fig. 4. Stress-time to rupture curves of the CAC
heat of carbon steel (JIS STB 410) at 673, 723
and 773K.
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F ig. 5. Creep rupture strength properties of the
CAC heat of carbon steel (JIS STB 410).
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Fig. 6. Inherent creep strength properties of the

carbon steel (JIS STB 410).
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Fig. 7. Effect of Mo content on the inherent creep
strength of the carbon steel (JIS STB 410).
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