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Effects of Intermediate Annealing, Final Annealing and Texture on
the Corrosion Behavior of Advanced Nuclear Fuel Cladding
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Abstract

Effects of intermediate annealing, final annealing and texture on the corrosion of the advanced
nuclear fuel cladding. The corrosion characteristics of the alloy was highly influenced by final
annealing than intermediate annealing, and the corrosion resistance increased with increasing
the final annealing temperature. From the result on the corrosion test for the alloy with
similar microstructure and different texture characteristics, the corrosion resistance in the early
stage of corrosion was highly affected by texture and corrosion resistance increased when
(0002) texture normal to the corrosion surface was well developed. However, the effect of
texture decreased when corrosion was proceeded. It is suggested that texture of the alloy
plays a important role in corrosion behavior at early stage of corrosion though the corrosion

behavior is dominated by oxide characteristics when thick oxide was formed.
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Table 1. Chemical compositions of the advanced nuclear fuel claddings.

1D Chemical composition (wt.%)
Zry4 7Zr-1.3Sn-0.2Fe-0.1Cr

A Zr-1.0Nb-1.05n-0.1Fe

B Zr-1.0Nb-0.120

D Zr-0.2Nb-1.15n-FeCrCu

Table 2. Crystallographic texture of D cladding at each manufacturing step.

TREX 1st Pilgering | 2nd Pilgering Tube
fr 0.52686 0.56365 0.56940 0.66400
fr 0.36394 0.37365 0.25138 0.27880
fa 0.11488 0.06821 0.18012 0.05945
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Fig. 1. Corrosion properties of Zircaloy-4, A, B and D cladding
tubes in water at 360°C and 18.5MPa.



Fig. 2. TEM microstructures of as-received (a) Zircaloy-4,
(b) A, (c) B and (d) D alloy cladding tubes.
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Fig. 3. Effect of intermediate (TREX) annealing temperature
and final annealing temperature on the corrosion properties
of D cladding tubes in water at 360°C and 18.5MPa.
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Fig. 4. Effect of intermediate annealing after 1st pilgering on
the corrosion properties of C cladding tubes in water at
360°C and 18.5MPa.



Fig. 5. TEM microstructure of D cladding tubes with
final size annealed at (a) 470°C and (b) 520°C.
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Fig. 6. Corrosion properties of D cladding tubes at each
manufacturing step in steam at 400°C and 10.5MPa.

Fig. 7. TEM microstructure of (a) TREX annealed at 580°C for 3h
and (b) final tube annealed at 580°C for 2.5h.



90

®
o

~
o

Weight gain, mg/dm?

o
=)
|

40

RD RD : Radial Direction
AD : Axial Direction

)
=]
|

TD : Tangential Direction %
g —=—RD
100 —e—TD
o —A— AD
g 80 /‘
S A
g /./
c ./
‘S 60
2> A/
L
2
T 404
=
204
0 T T T T
0 30 60 20 120
Exposure time, day
%
80
=
8
S 4]
£
3
(o2}
£ 60
2
(3]
=
50 -
40
RD TD AD RD D AD
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Corrosion test was performed in steam at 400°C and 10.5MPa.
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Fig. 9. (0002) pole figures for TREX and final tube of D cladding tubes.
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