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= B Ir gFoA V, Sbe ¥ HEs) Zr F9) F4 5S4 olAe d%g A7) 8 V, Sb & 22 0.1, 0.2,
0.4wt.% A7) 632 ¢gF& AT 360C F £H7194 100U 5 RAMEE £kt Vol 0.2, 0.4wt.% 371 Al
Hol e ¥4 452] Ho| Jabo] AR dstov} 0.1wt.% V &y} AlHe) A4 10 o)F 38 FAZ o] FA3] Zrlsts
B4 & My fafol wAsldch. V Hrlake] $71EE WA Yol FrlEtde™ 04wt %V HrF gF ol 7HE S U4 g
2ok Sbrb Hrhe ALA el ME 0.1, 0.4we. %S M7} Al A5 27|86 FH3] F40] 7l& = dabo] T4slg e
Sb 7o) 2MESE FAF7He] Hasvis) oha] Frbsted 0.2wt.% Sb Brbel A Mz FAIZ7IEE B4k V, Shitako)
7§ HEE9 arisl 4eE ¥ i) FUltle AEE Edden AEEL A7} 0.11-0.13me] HEE 2718 7HA
o 71 g WAL S Bech, RAEAS AEE 2viste BARYE WYY 37)9 HAEELS TFL A ARl HEE A
ol8t L A AE 43t vl F2E FA Y 2o 8¢ Yoz AbrE.

Abstract To investigate the effect of V and Sb on the corrosion behavior of Zr-based alloys, corrosion tests were per-
formed on 6 kinds of Zr alloys in an autoclave at 360°C for 100 days. The transition of the corrosion rate occurred in the
sample containing 0.1wt.%V after 10 days but did not occur in the samples containing 0.2wt.%V and 0.4wt.%V. The
corrosion resistance of V containing alloys increased with increasing V contents from 0.1 to 0.4wt.% and the alloys con-
taining 0.4wt.%V showed the best corrosion resistance. In the ternary alloys containing 0.1wt.%Sb and 0.4wt.%Sb, the
corrosion rate increased significantly from the short exposure time. It was observed that the optimal Sb content for cor-
rosion resistance was 0.2wt.%. The size and volume fraction of precipitates increased with increasing V and Sb con-
tents. The superior corrosion resistance was observed in the Zr alloy having precipitate size of 0.11-0.13;m. From the
result of corrosion behavior and the observation of precipitates, the optimal size of the precipitate appear to control the
electron conduction in the cathodic reaction and play an important role in maintaining a stable oxide microstructure.
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Table 1. Chemical compositions of Zr-based alloys
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[unit : wt.%]

\% Sb
Alloy type Sn Zr
Nominal Analyzed Nominal Analyzed

0.8 0.1 0.10 bal.

Zr-0.85n-xV 0.8 0.2 0.19 bal.
0.8 0.4 0.40 bal.

0.8 01 0.08 bal.

Zr-0.8Sn-xSb 0.8 0.2 0.16 bal.
0.8 0.4 0.33 bal.
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Fig. 1. Weight gain as a function of exposure time for (a)Zr-0.
8Sn-xV, (b)Zr-0.8Sn-xSb alloys
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Fig. 2. Weight gain as a function of (a}V, (b)Sb content after
100 days exposure
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(©) Zr - 0.85n - 0.4V

Fig. 3. Optical Microstructures of the Zr-0.85n-xV specimens annealed for 2 hr at 5907 after cold rolling

(b) Zr - 0.85n - 0.2Sb

(c) Zr - 0.8Sn - 0.4Sb
Fig. 4. Optical Microstructures of the Zr-0.85n-xSb specimens annealed for 2 hr at 590°C after cold rolling
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(c) Zr-08Sn - 0.4V

Fig. 5. SEM micrographs of second phase particles in Zr-0.8Sn-xV specimen before corrosion test

{a) Zr-0.8Sn-0.1Sb

(c) Zr-0.85n -0 4Sb
Fig. 6. SEM micrographs of second phase particles in Zr-0.85n-xSb specimen before corrosion test
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" (b) Zr-0.85n-0.2V

NV

(d) EDS spectrum

(e) SAD pattern

Fig. 7. TEM micrographs, EDS spectrum and SAD pattern of Zr-0.8Sn-xV alloys
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Fig. 8. TEM micrographs, EDS spectrum and SAD pattern of Zr-0.8Sn-xSb alloys

Table 2. Particle size and area fraction of precipitates with varying V, Sb composition of Zr alloys

Particle size
Area fraction(%)
Mean diameter{m) Max. diameter(m)

Zr-0.85n-0.1V 0.07 0.18 1.25
Zr-0.8Sn-0.2V 0.11 0.26 2.13
Zr-0.8Sn-0.4V 0.13 0.32 2.55
Zr-0.8Sn-0.1Sb )

Zr-0.85n-0.2Sb 0.12 0.2 1.98
Zr-0.85n-0.4Sb 0.21 0.3 3.25

A%e Jeldidek Sb A7F 29 ASodE 02wt.% o E F3llen, 4EE] FoEEx 1.98% 14 3.26%
A 0.4wt. % 2 27l get =27 0.12moA 021m 2 F7Fehe AES Jeldich.



1106 FFARTE A A8H A12F (1998)

3 #4 241 NEETO| TAH

£ dFolAe 84 B4 A} Aed 27 4 2
o} vjs] £ o V A7} g HEE 27171 0.07m
0.1V Fzlll A WA]Ade] sf¢- vz o 0.1me) Z7)E
ZH= 02V 04V T4 WaAdo] 2543 AR et
wrh Sb 37} Yl Hde 4eEe] A 4R 4E 0.
1Sb 53 4&E9 2717} 0.21m< 0.4Sb FEl4 W
Al Ao] i i ubdo] A&E2 =77} 0.12ml 0.2Sb
ol A Walde] g Zie B HrlE gt 4E2E9) &
oA oF 2% o 8¢ HepE 0.2V, 04V, 0.25b #
FollA WA A o] 3tthe Zig & ¢ Ud. "k HF
9] =79k B WA JAE ASE & F Uk
o]zt AL A4 Zircaloy-4o4] o] B8 Axps'2
E3} A8l AFolry. Ut R Zircaloy-4+ PWR
E271(360°C, € 47D oAME 0.1m ol4de 2 HAA o
WAlAge FAEln] BWR E37]dMe H4EEEe] A2
7o) el Ao Badd. gepi £ A7 AR= Hrt

o L n " " L L s : L
20 22 24 26 28 30 32 34 36 38 40

1000

Zr-0.8Sn-0.2v
. WI\J/\AJ

0
2022242628303234363540

1000

Zr-0.8Sn-0.4vV

ol
20 22 24 26 28 30 32 34 36 38 40
Diffraction angle(26 )

(a)

Hi e d=2Aut Zircaloy-49 8|&¥ Ads Jepdci
T ok HEE =277 FAl vlX e dgs AR
g g5 o] AHE 5 otk HEEL AsE A4
o 7}x] F4-¢ ZrEc} nobled)r] wFof 45 27) e
T4 /48 e Al AE Absbbiel] Sai=X] G A
JeRE FART e ol2igh Atsbete] X]zke] Agel
me} (Aksheto] FAYA G aie}b) Abstehyo) g8 Elef
g Al E FAEA] 25HA =Hoh'? R Fdd HF

2 Azlelg, FaFs % Atgue] vl T2 Foll 9%
& A £ g} AksbEh ool Ak4 o]Ro] F&/4k3}
gt AlH o B graksle FojolA ZrO.7) A" old F
&/5k8ba Aol Az} A =ed) Absbdu] o)
LA gx dolslE HEEEL AP} Akt o2
wr&3te path 98¢ 3o} gty HEESol path 9%
< AYZ 32 B Afole absbg/ 34 A9 skt
9) %9} potential 27} B71A =3 o] LA F 4
o] (H") 2 AdZ o2 Hilo] &o|3l7 Al Ad Zo

| 2r-0.85n-0.1Sb ' 00)zr
rO,
{-111)m-zr0,
2jm-2Zr0

0 22 24 26 28 30 32 34 36 38 40

Zr-0. BSn-O 25b ‘

T

0 22 24 26 28 30 32 34 36 38 40

Zr-0.88n-0.4Sb HJ \
| |

|

|
|

0 22 24 26 28 30 32 34 36 38 40
Diffraction angle(20 )

(b)

Fig. 9. X-ray diffraction patterns of (a)Zr-0.85n-xV, (b)Zr-0.8Sn-xSb alloys (pre-transition : weight gain 15- 20mg/dm?)
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Fig. 10. X-ray diffraction patterns of Zr-0.85n-0.1V Sb alloys
(post-transition : weight gain 60-70mg/dm?)

(b) Zr-0.85n-04V

Fig. 11. SEM morphology at metal-oxide interface of Zr-0.8Sn-xV alloys
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(a) Zr-0.85n-0.1Sb
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(b) Zr-0.85n-0.25h

Fig. 12. SEM morphology at metal-oxide interface of Zr- 0.8Sn-xSb alloys
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