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Abstract  The effect of f-heat treatment on the microstructure, mechanical properties and texture in the nuclear fuel
cladding of Zircaloy-4 tubes was investigated. The A-heat treatment temperatures were chosen at 1000, 1100 and
1200°C, and the tubes were heat-treated by a high frequency vacuum induction furnace. Morphology of the second
phase particles and e-grain of as-received tubes were markedly chaniged by heat treatment. The average sizes of sec-
ond phase particles of as-received and f-heat treated tubes were 0.1;m and 0.076:m, respectively. However, the
average sizes of second phase particles were not much changed in the 5-heated temperatures. With increasing heat
treatment temperatures, the 0.2% yield strength and the hoop strength were decreased because of changes in pre-
ferred orientation as well as - plate width. Heat treated Zircaloy-4 tubes exhibited texture changes but the preferred
orientation of grains still remained.
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Table 1. Chemical composition of Zircaloy-4.

Chemical composition(wt.%)

Alloying
elements
w/o 1.2~1.70 |0.18~0.2410.07~0.13 Bal.

Sn Fe Cr Zr

d. Induction coll
e. Tube supporter
f. Thermocouple

a. Vaccum ‘line
b. Quartz tube
c. Zircaloy — 4 tube

Fig. 1. Heat treatment apparatus.
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Table 2. Shape factor and mean diameter of second phase
particles of Zircaloy-4 tubes with different heat treatment
conditions.

Heat treatment Mean diameter
.. Shape factor
condition (zm)
As-recieved 0.88 0.1
1000C 0.66 0.076
1200TC 0.65 0.075

242 B4 ddg SJED L A2PZo|-49 nAzAR A SAe WA= DN IF 591

Fig. 2. (a) Transmission electron micrographs of (a) shape and
(b) distribution of second phase particles.

Fig. 3. Transmission electron micrograph of second phase parti-
cles of B-heat treated Zircaloy-4 at 1000T.
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Fig. 4. Shape factor distribution of second phase particles of Zircaloy-4 tubes. (a) As-received (b) heat treated at 1000T.

Fig. 5. Microstructure of Zircaloy-4 tubes with different 4 heat treatment conditions. (a) 1000°C, (b) 1100 and (c) 1200T.

Table 3. Change of prior #-grain size and a-plate width as
a function of 8-heat treatment temperatures.

TC) a-plate width prior-grain size
(¢m) {¢m)

1000 2.0 80

1100 2.2 120

1200 2.3 170
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Table 4. Tensile properties of Zircaloy-4 with different
heat treatment conditions.

Heat treatment Yield strength .
condition (MPa) Elongation(%)
As-recieved 490 30.8
1000°C 350 14.1
1100C 342 12.6
1200 331 11.2

Table 5. Burst test results of Zircaloy-4 tubes with differ-
ent heat treatment conditions.

Heat treatment Hoop strength | Circumferentical
condition (MPa) elongation(%)
As-recieved 800 29
1000C 579 19.2
1100TC 568 18.3
1200°C 556 174
0= 00+KW™! 5)

o)7]4, oot wh2¢H (friction stress) o) K= A<
ojch. ¥ AYANY A2gRo]-4F f-GH5HE o
5 ZUlol M} o-pAte] o] F ZFrElgeng 4
(5) ZHE 7|AH AL 2F 7H4ag Aolth

(0002)

L.D.: LONGITUDINAL DIRECTION
T.D.: TANGENTIAL  DIRECTION
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Fig. 6. The f-parameter variation with different heat treat-
ment conditions.
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Fig. 7. Direct pole figures of Zircaloy-4 tubes with different heat treatment conditions.
(a) As-received, (b) 1000T, (¢) 1100 and (d) 1200C.
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