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Effect of Minute Solute Elements in the Ferrite Matrix on the Inherent Creep Strength of Carbon Steels

Hidehivo Onopera, Taichi Ase, Masato Ounuma, Kazuhivo Kmnwura, Mitsutane Fuyra and Chiaki Tanaka

Synopsis : One of the present authors has proposed a new concept about the Inherent creep strength determining the long term
creep strength of ferritic steels. In the present study, effect of solute elements in the ferrite matrix on the Inherent
creep strength of 0.2 and 0.3 mass9 carbon steels was studied from a view point of atomic configurations such as
atomic pairs. The equilibrium concentrations of solute elements and atomic pairs in the ferrite matrix were estimated
by thermodynamic calculations with the sublattice model (Thermo-calc.) and the central atoms model, respectively.
The following results are obtained ; (1) The Inherent creep strength of carbon steels at 773K and 88MPa is proportional
to concentrations of Mn and Mo in the ferrite and inversely proportional to those of C and Si. (2) A good correlation
is observed between the Inherent creep strength and the concentrations of Mn-C and Mo-C atomic pairs. These atomic
pairs seem to reduce the climb velocity of dislocations due to their large interaction energies with dislocations. Thus,
it is concluded that the Inherent creep strength of carbon steels is controlled by Mn-C and Mo-C atomic pairs in the

ferrite matrix.

Keywords : Inherent creep strength ; Solute elements ; Mn-C and Mo-C atomic pairs ; climb velocity of dislocations ; carbon steels.
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Table 1. Chemical compositions(mass%).

Alloy Heat C Si Mn Cr Mo N
CAA 0.20 0.31 0.59 0.046 0.011 0.006
CAB 0.20 0.28 0.60 0.046  0.010 0.007
CAC 0.20 0.29 0.55 0.054 0.012 0.006

STB410 CAG 0.21 0.21 0.62 0.046 0.019 0.003
CAH 024 0.24 064 0.074 0.019 0.006
CAJ 0.20 0.20 0.47 0.056 0.010 0.011
CAL 0.21 0.32 0.48 0.017 0.006 0.004
CAM 0.20 0.31 0.50 0.017 0.006 0.004
CaC 0.28 0.30 0.70 0.07 0.02 0.010
CaD 0.20 0.22 0.68 0.11 0.03 0.008
CaE 0.34 0.22 0.70 0.10 0.03 0.011

SB480 CaF 0.28 0.19 0.80 0.06 0.22 0.007
CaG 0.29 0.20 0.93 0.03 0.36 0.005
CaH 0.29 0.22 1.00  0.07 0.34 0.004
CaM 0.22 0.22 0.82 0.06 0.18 0.008
CaN 0.26 0.23 0.74 0.04 0.15 0.011
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Fig. 1. Isothermal sections at 773K calculated by
the Thermo-calc.!® in Fe-Mo-C(a), Fe-Mn
-C(b), and Fe-Cr-C(c) systems.
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Fig. 2. Geometry of the b.c.c. lattice. O and X
represent substitutional and interstitial sites,
respectively. Z and z designate respectively
the numbers of substitutional and interstitial
nearest neighbors to a substitutional site (a),
while Z” and z” designate respectively these
numbers to an interstitial site (b).
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Table 2. Wagner interaction coefficients for carbon,
&%, used in this study.

Alloying x

Element &C Reference
Mo —100 H.Wada™®
Cr 72 H.Wada®®
Mn —26*
Ni 0

* Estimated from the binding energy for Mn-C,
0.27eV/pair, reported by H.Abe et al'®.

51

REMOKE 7 ) —FHECRIETRHEZ = 5 4 b PoBBEZTZEOMNE 823M

Fe-1lat%M-0.1at% C

Probability

Substitutional element

Fig. 3. Probabilities of atomic configurations in the
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Fig. 4. Relationship between X concentration in the
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Fig. 5. Correlations between the creep rupture life
at 773K and 88MPa and the concentration of
solute element in the ferrite matrix.
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Table 3. Summary of multiple regression analysis for
the creep rupture life at 773K and 88MPa.

Variable min. max. mean S.D. Coef. t-value Coef. t-value
(atppm)
Mn-C 110 1.80 140 021 095 254 111 3.49*
Cr-C  0.02 024 010 006 —1.16 —0.90
Mo-C 0.03 0.12 0.09 0.03 153 5.52* 13,6 6.74*
log tg 3.29 515 4.21 0.63
Constant 1.690 1.479
M.C.C. 0.922 0.928
Data(n=16),*t-test1% significant
tr is the time to rupture(h).
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Fig. 7. Correlation between estimated and observed
values of the creep rupture life.
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