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ABSTRACT

The-steady-state creep mechanism and behavior of Zircaloy-4 used as cladding matenals in PWR
have been investigated in air environment over the temp. ranges from 600 to 645°C and stress ranges
from 4 to 7kg/mm?® The stress exponents for the creep deformation of this alloy, n were decreased 4.
81, 4.71, 4.64, and 4.56 at 600, 615, 630 and 645, respectively; the stress exponents decreased with
increasing the temperature and got closer to about 5. The apparent activation energies, Q, were 62.1,
60.0, 57.9 and 55.4 kcal/mole at stresses of 4, 5, 6, 7Tkg/mm? respectively; the activation energies de-
creased with increasing the stress and were close to those of volume self diffusion of Zr in Zr-Sn-Fe-
Cr system. In results, it can be considered that the creep deformation for Zircaloy-4 was controlled by
the dislocation climb over the ranges of this experimental conditions. Larson-Miller parameter, P, for
the crept specimens was obtained as P=(T+460)(logt,+23). The failure plane observed by SEM
slightly showed up intergranular fracture at this experiment ranges. However, it was essentially domi-
nated by the dimple phenomenon, which was a characteristics of the transgranular fracture.
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Fig. 1. EPMA analysis of chemical composition of
Zircaloy-4.
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Photo. 1. Microstructure of the specimen.
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Table 1. Experimental creep data.

Temp | Stress |Intial strain,| Creep rate | Rupture

(’C) | (kg/mm*) & (hr'")  [time(hr)

4 0.0181 5.84 x10~* -
600 5 0.0217 1.49x107? -

6 0.0252 |[3.21x107° -

7 0.0294 8.80x107%} 38.16

4 0.0202 1.20x 1073 -

5 0.0234 2.84x1073 -
615 6 0.0286 6.02x107%| 70.00

7 0.0310 1.79x107%| 12.11

4 0.0224 2.18x 1073 —

5 0.0257 4.75x1073| 74.2
630 6 0.298 1.09x 1072 29.21

7 0.0341 2.87x107? -

4 0.0249 3.45x107%| 101.26
645 5 0.0284 9.34x1073 -

6 0.0321 1.67x1072 -

7 0.0366 4.22x107%| 4.00
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Fig. 7. Dependence of applied stress on stady-state
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Table 2. InA obtained by computer simulation.

Stress Temp(C) InA
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600 21.60
615 21.94 InA=0.0104T
4 630 22.00 +12.59
645 22.12
600 20.20
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630 20.52 +10.55
645 20.71
600 18.84
6 615 19.22 InA=0.0115T
630 19.25 +8.97
645 19.40
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630 18.33 +7.28
645 18.42
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Fig. 12. Temperature dependence of material pa-
rameter, A.
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d-1. 615TC, 7ke/mm*“(X500) d-2. 615TC, T7kg/mm*(x 3000)

Photo. 2. SEM Photograph for crept specimens.

b-1. 7Tkg/mm?, 6457 X 500) b-2. 7kg/mm? 645 (X 3000)

Photo. 3. SEM Photograph for crept specimens.
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