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Effect of Heat Treatment Conditions on Microstructure
and Corrosion Resistance of Cu-contained Zr-Nb Alloy

Byung Kwon Choi, Jong Hyuk Baek' and Yong Hwan Jeong
Zirconium Fuel Cladding Team, Korea Atomic Energy Research Institute
P. O. Box 105, Yuseong, Daejeon 305-600, Korea

Abstract The effects of the cooling and annealing conditions on the microstructures and corrosion properties
were investigated for the Cu-contained Zr-Nb alloy (Zr-1.1Nb-0.07Cu). After annealing at 1050°C for 15 min, the
specimens were cooled by three methods of water quenching, air cooling, and furnace cooling. Widmanstatten
structures were developed in both air- and furnace-cooled specimens, and the Widmanstatten plate width of the
furnace-cooled specimens was wider than that of the air-cooled ones. The weight gain in the furnace-cooling
case was higher than that in the air-cooling case. This could be the reason why the diffusion time was more
enough during the furnace cooling than the air cooling. The oxide of the fumnace-cooled specimen was nonun-
formly formed just beneath the Widmanstatten plate boundaries, where B, phases were exised concentrately.
Compared with the 640°C annealing after the water quenching, the 570°C annealing could make the B, phases
and a concomitant reduction of the Nb in the matrix, and then it could improve the corrosion resistance with the
increase of the annealing time. it would be concluded that the corrosion resistance of the Zr-1.1Nb-0.07Cu was
good when the Nb concentration in the matrix was reached at an equilibrium level and then the By, phase was
formed.
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Table 1. Chemical composition of advanced cladding
tube

Nb Cu O C Si Fe Zr
1.12 | 0.07 | 0.132 0.010 |0.010(0.045| Bal.
Cladding Tube
Heat treatment
(1050°C, 30 min)

v v v

Water Air Furnace
Quenching Cooling Cooling

Annealing condition

o
ow X 50hr
640 100 hr

Fig. 1. Heat treatment and annealing sequence.
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Fig. 2. Optical micrographs with the cooling rates.
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Fig. 3. TEM micrographs with the cooling rates.
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Table 2. Area fraction with the cooling rates

Area fraction of bzr(%)
Air cooling Furnace cooling
11.7 15.5
400
Air Cooling
- Furnace Cooling
300 F o
£
ke
Fe)
E
% 200 b
o
=
By
(]
= 100}
0 i 1 i 1
0 50 100 150 200 250

Exposure time (day)

Fig. 4. The effect of cooling rate on corrosion behavior
in 360°C pure water.

He| FAFSE] WA vEbdth &, F98S AAle)
A 23S Ashe ARt AR Asrh )
YERsTE o]oh e Wrleol] mE FAAJo] zlo]
© oAz ANt ARAIA A8 & A
B Wk ot ol niste] oA Wzt Fol
By G2 ikt S3lo] Bolait. 2yfdA Bt
Bo] AEE By, e FAXEAN FA) 23 IF
< PA FAS7 ] $9% ARG SR Ae
2 AziEnt,

9 55 360°C wEllM 90Y FAAEE Al
AE AWFst st A7bgate)] 2R dE s 5
APHALER] B (SEM)E o)-8-slod gt Abzloltt, ¢
Zo] 2749 ARIE AlEE #EE Aojal ol
2748 lEE AT Zoltt, TReM & A%
o] Fego] A AlHAA Aksfeke vlwF FAdg
QS Holar glovt Zas HAIGE AJHA Aks)
2R g Bl S vERiaL ok AR
An|7s o83l 7IAGES AESHE B, /3 3
Mo viEhal B, A2 BHrh vk Mo e}
vt Zago] Al Al gk ARxlS 2pAE)
ZtA B, Aol EAshE Widmanstatten3= 2] 2]
plate’dAlA gtato] YAEs: Hog EF5h

iod |G s § oxide
malrix WE g 5‘zl.‘.'. /%/7 o= | [mavrix

oxide
malrix

Air cooling Furnace cooling
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Fig. 6. Optical micrographs with various annealing
condition after water quenching.
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Table 3. Characteristics of 2nd phase particles with the annealing conditions

. .. 570°C 640°C
Annealing Conditions
2.5h 100h 2.5h 100h
Formular ZrNbCu or ZrNbFeCu ZrNbFeCu
Area Fraction(%) 6.6 7.9 12.1 34.8
e Nb 7~8 30~46 5~6 10~13
Element co_ntents in 2™ phase Cu 08~12 08~12
particles (at. %)
Fe 0~2 5~8
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Fig. 8. Corrosion  properties with the annealing
conditions; (a) corrosion behaviors and (b) weight gain
after 210 days.
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