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Abstract. The creep behavior of oxide-bearing Fe-0.6%0 steel was studied in the temperature
range of 550-700°C at stresses ranging from 100 to 400 MPa. The creep data showed high values of
an apparent stress exponent n close to ~16 for power-law creep. In addition the apparent
experimental activation energy was much higher than that for the lattice diffusion in «-iron.
Analysis of creep data revealed that the deformation behavior was strongly affected by the threshold
stresses, which are associated with the interaction between moving dislocations and fine incoherent
oxide particles. Analysis of deformation behavior in terms of threshold stress leads the true stress
exponent of ~8; the activation energy for creep became close to value of activation energy for
lattice diffusion at 700°C and for pipe-diffusion in the temperature range of 550-650°C.

Introduction

The creep resistance of high-temperature structural materials can be significantly improved by an
incorporation into metallic matrix various incoherent and non-shearable oxide particles by using
different powder metallurgy techniques. One of them is mechanical milling followed by
consolidating plastic working [1, 2]. This processing method allows us to develop products with
commercial dimensions using almost unlimited variety of materials. This technique was recently
applied for the fabrication of the high-strength steels with ultrafine grain structure containing nano-
scale oxides, which are homogeneously dispersed throughout the ferrite matrix [3].

The relationship between the steady state strain rate, £, and the flow stresses, &, at elevated
temperatures is generally represented as follows [4, 5]:

e=Ao”" exp[_RQT j (D

where 4 and » are constants, () is the activation energy for plastic deformation, R is the gas constant
and 7'is the absolute temperature. The value of stress exponent, », varies from 3 to 7, depending on
operating mechanisms of dislocation motion. Correspondingly, the experimental value of activation
energy matches the activation energies for lattice self-diffusion, pipe diffusion or grain boundary
diffusion. However, mechanisms of plastic flow at relative low deformation temperatures have not
been studied in sufficient detail. Especially that concerns oxide dispersion strengthening (ODS)
materials, which were investigated at high homological temperatures [6, 7]. Moreover, the most of
studies were focused on the deformation behavior of materials with face-centered cubic lattice,
while the deformation mechanisms of ODS alloys with body-centered cubic lattice were not
clarified.















estimated for temperatures of 550 — 650°C is close to the value of activation energy for pipe self-
diffusion (Qp = 174 kl/mol [5]). An increase in the activation energy to 260 kJ/mol with increase of
temperature to 700°C can be associated with transition from the low temperature dislocation climb
controlled by pipe-diffusion to the high temperature climb controlled by self-diffusion (Q;=251
kJ/mol).

Summary

The deformation/creep behavior of Fe — 0.6% O containing nanoscale dispersed oxides with their
volume fraction of 2% was studied at temperatures ranging from 550 to 700°C. The dispersed
particles acted as effective barriers for dislocation motion and affected significantly the stress —
strain rate relationship. The deformation/creep behavior was characterized by a presence of high
threshold stresses of about 100 MPa. The dependence of strain rate on effective stress followed a
power law relationship with the stress exponent of about 8; and true activation energies of
deformation of about 185 and 260 kJ/mol at temperatures of 550-650 and 700 °C, respectively. It is
concluded that plastic flow was controlled by pipe diffusion at 550-650°C and lattice diffusion at
700 °C.

References

[1] Y. Kimura, S. Takaki: Mater. Trans. Vol. 36 (1995), p. 289-296.

[2] Y. Kimura, S. Takaki, S. Suejima, et al.: ISIJ International Vol. 39 (1999), p. 176-182.

[3] A. Belyakov, Y. Sakai, T. Hara, et al.: Metall. Mater. Trans. A. Vol. 33A (2002), p. 3241-3248.
[4]J. Cadek: Creep in Metallic Materials (Prague: Academia, 1994).

[5]. H.J. Frost, M.F. Ashby: Deformation-mechanism maps (Metallurgiya, 1989).

[6] D.C. Dunand, A .M. Jansen: Acta Mater. Vol. 45 (1997), p. 4569-4581.

[7]J. Cadek, S.J. Zhu, K. Milicka: Mater. Sci. Eng. A. Vol. 252 (1998), p. 1-5.

[8]. D. Haussler, M. Bartsch, U. Messerschmidt, B. Reppich: Acta Mater. Vol. 49 (2001), p. 3647-
3657.

[9] A. Wasilkowska, M. Bartsch, U. Messerschmidt: Mater. Proc. Techn. Vol. 133 (2003), p. 218-
224,

[10]J. Rosler, E. Arzt: Acta Metall. Vol. 38 (1990), p. 671-683.

[11] K.T. Park, E. Lavernia, F. Mohamed: Acta Metall. Mater. Vol. 42 (1994), p. 667-678.
[12] F. A. Mohamed, K. T. Park, E. J. Lavernia: Mater. Sci. Eng. A. Vol. 150 (1992), p. 21-35.
[13] E. Arzt, D. Wilkinson: Acta Mater. V. 34 (1986), p. 1893-1898.



