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Effect of Cooling Rate and Annealing Temperature on Corrosion and Microstructure
of Zircaloy-4 and Zr-2.5Nb Alloys

Yong Hwan Jeong, Youn Ho Jung, Hyun Gil Kim* and Myung Yong Wee*
Development of New Cladding Materials, Korea Atomic Energy Research [nstitute, TaeJon, 305- 353
*Dept. of Materials Engineering, Chung Buk National University, Cheong Ju, 361763

(19983 84 174

Bl O
=

, 1998 99 229 HETAHE

uhg)

% B Zircaloy-49 Zr-2.5Nb #&39 2Ald n]x& Wzt rel £ F 252 JFE TS 9fsh4] ofe] sbx) whye g
dzje]® A"l sl autoclave A A HE AAst ek B o] QS 2absly] gl A AHE 1050l A 30E 7+ F
Aulel, o, F, T, o) whel ofs) dHeistdon, £FLEL] GFE A A el %, ot S5, fRETY
ol 4] dxe}stdct. 500°C #4218 ., Zircaloy-4 dHgolAE noduled $-4)o] A £l= wkdol] Zr-2.5Nb &4+ nod-
ule® ¥F-Ajo] A=A dopch. Zircaloy-4 ¥F& A&7t whEFE Aol Frkshe wbHel] Zr-2.5Nb <2 W44z ot
wWEaE YA o] zhaste IS Hooh w3 AFLEI) BT S Zr-25Nb €59 HAAS it ARE ok

A4 e Fe,Crdad 71xul £29} HEEo +Xo ofs) A F Hov] Zr-2.5Nb 72 WAL 71222 H

Zircaloy-4 2] WAAL2
o] NbEXE9 R witol o8 A& e Ao At}

Abstract To investigate the effect of cooling rate and annealing temperature on the corrosion of Zircaloy-4 and Zr-2.
5Nb alloys, autoclave corrosion tests were performed at 500°C for the specimens prepared by various heat treatments.
The specimens were heat-treated at 1050 *C for 30 minutes and cooled by ice-brine quenching, water quenching, oil
quenching, air cooling, and furnace cooling. To investigate the effect of annealing temperature, the specimens were
annealed at a-, (a+ f)-, and B-temperatures. [t was observed from the 500°C corrosion test that nodular corrosion oc-
curred on the Zircaloy-4 alloy but did not occur on the Zr-2.5Nb alloy. The corrosion resistance of Zircaloy-4 increased
with increasing the cooling rate. On the other hand, the corrosion resistance of Zr-2.5Nb decreased with increasing the
cooling rate and the annealing temperature. It is suggested that corrosion resistance of Zircaloy-4 would be controlled
by the distribution of Fe and Cr element in the matrix and precipitates, while that of Zr-2.5Nb alloy the niobium con-
centration and 8- phase.
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Cross section surface

Fig. 2. Sequence of nodule development of Zircaloy-4 in steam at 500°C (a) 2hr (b) 6hr (c) 10hr.
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Fig. 3. Effect of cooling rate on corrosion behavior of Zircaloy-4
and Zr-2.5Nb alloy in steam at 500°C for 24 hours.
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Fig. 4. Surface appearance after corrosion test at 500°C for 24 hours (a) furnace cooled (b) air cooled (c) water quenched.
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Fig. 5. Optical microstructures of Zircaloy-4 cooled by various cooling process (arrow marks are primary @) (a) ice brine quenched(2,
100°C/s) (b) water quenched(1,200°C /s) (¢) air cooled(3.66°C /s) (d) furnace cooled(0.05°C/s).
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Fig. 6. Optical microstructures of Zr-2.5Nb alloy cooled by various cooling process (a) ice brine quenched(2,100°C/s)
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(b) water

quenched(1,200°C/s) (c) air cooled(3.66°C/s) (d) furnace cooled(0.05°C/s).
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Fig. 7. TEM micrographs of water quenched Zr-2.5Nb alloy (a)
low magnification (b) high magnification.
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Fig. 8. Effect of annealing temperature on corrosion behavior of
Zr-2.5Nb alloy at 500C.
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Fig. 9. Optical microstructures of Zr-2.5Nb alloy with increas-
ing annealing temperature (a) 600°C for lhr (b) 800°C for lhr
(c) 1050 for lhr.
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