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Abstract: Due to the strong pinning to dislocations and grain boundaries as well as the available
capturing of displaced atoms and helium bubbles, by oxide nanoparticles, oxide dispersion strengthened
(ODS) alloys exhibit superior high-temperature mechanical properties, irradiation swelling resistance
and corrosion resistance. ODS iron-based alloys have been considered as promising candidates for
cladding tube and structural components of generation IV fission reactor and integrated fast reactor. In
the present study, two variants of 12Cr-ODS FeCr alloys, i.e. carbon-free NFACN-1 and carbon-added
NFACN-2 alloy, were fabricated by mechanical alloying and subsequent hot isostatic pressing. Then the
rods with a diameter of 12.0 mm were obtained by using rotary swaging technology, and the alloy tubes
with a diameter of 9.0 mm and a wall thickness of 0.65 mm were manufactured by Pilger cold rolling
processes. The change in distribution, size and composition of nanoscale precipitates along the
fabrication was characterized by TEM, HRTEM and APT techniques, and its effect on mechanical

properties and thermophysical properties was evaluated. The results show that the nanoscale precipitates
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in the two alloys are predominantly Y,Ti,O, particles with cubic pyrochlore phase, and the composition
of oxide nanoparticles has not changed in the thermomechanical processing for rods and tubes
fabrication. Nevertheless, some nanoscale precipitates have been coarsened, in which size growth for
the tube fabrication is higher slightly than that for the rod fabrication. And the coarsening of nanoscale
precipitates is also facilitated by the addition of a small amount of C. With the aid of thermophysical
properties measurement from room temperature to 1 000 °C, it is found that the instantaneous expansion
coefficient and thermal conductivity of NFACN-1 and NFACN-2 alloys are less affected by the
generation of nanoscale precipitates, compared to the non-ODS steel with similar components.
However, an enhanced specific heat, especially in the temperature range of 400-800 °C, is observed,
which can be interpreted as the grain refinement caused by nanoscale precipitates pinning to the grain
boundaries. This phenomenon indicates that the 12Cr-ODS FeCr alloys have a superior thermal inertia
to the conventional casting alloy, which can absorb and release more heat without changing the
temperature during the heating and cooling process. In addition, due to the generation of nanoscale
precipitates with high density and chemical inertness, the rods exhibit outstanding creep resistance in
the creep test at 650, 800 and 900

simultaneously longitudinal and circumferential strength and ductility.

°C, and the alloy tubes exhibit excellent high-temperature
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Fig. 1 TEM morphology and particle size distribution of nanoscale precipitate in as-HIPed ODS alloy
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Table 1 Basic characteristic of nanoscale precipitate detected by TEM

R SRR R ) om Bt ARECE /107 m SR AFURL A B /mm M AR 5%
NFACN-1 2.34+0.35 3.51+1.44 3.63+0.34 0.400.06
NFACN-2 2.89+0.57 3.7740.05 3.70£0.16 0.72£0.21
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Table2 Measured and theoretical inter-planar distance (d) and angle (o) for nanoparticle in Fig. 2
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Table 3 Parameter of creep testing for ODS alloy rod

BERREE/C BERRIII/MPa IR 7 5 i AR BE LU
650 350 0.70~0.82
650 300 0.60~0.70
800 200 0.57~0.61
900 100 0.35~0.40
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Fig. 6 Thermophysical property of annealed ODS alloy
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