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Abstract Oxide effects experiments on massive hydriding reactions of Zr alloy with hydrogen gas were carried
out at 400 °C under 1 atm in a H; environment with a thermo-gravimetric apparatus (TGA). Experimental
results for oxide effects on massive hydriding kinetics show that incubation time is not proportional to oxide
thickness. The results also show that the massive hydriding kinetics of pre-filmed Zr alloys follows linear
kinetic law and that the hydriding rates are similar to that of oxide-free Zr alloys once massive hydriding is
initiated. Unlikely microstructure of the oxide during incubation time, physical defects such as micro-cracks
and pores were observed in the oxide after incubation time. Therefore, it seems that the massive hydriding
of Zr alloys can be ascribed to short circuit paths and mechanical or physical defects, such as micro-cracks and
pores in the oxide, rather than to hydrogen diffusion through the oxide resulting from the increase of oxygen

vacancies in the hypo-stoichiometric oxide.

Key words massive hydriding, incubation time, short circuit path, hypo-stoichiometric oxide.
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Fig. 2. Weight gain of pre-oxidized Zr - 0.8Sn - 0.2Nb alloy by
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Fig. 5. SEM morphology at metal/oxide interface of pre-

oxidized Zr - 0.8Sn - 1.ONb alloy (Oxide thickness : 8.8 pum)
(a) Incubation period (b) After incubation period
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Fig. 6. SEM morphology at metal/oxide interface of pre-

oxidized Zr - 0.8Sn - 1.0Nb alloy (Oxide thickness : 8.8 pum)
(a) magnification X 4,000 (b) magnification X 10,000
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Table 1. Critical ratio of H2/H20 for massive hydriding
criterion

Material Temperature(°C) Critical ratio Ref.
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[

Zircaloy2 400 10°

- s - Qe -

FgH - H2S - BEF
wal, Aste] NEA HAL B YFFLATE 6
§3h 2o BE ALY F )T F 223T F7)
of mE YAraPEE ofd Aow wuHt
W2FFo) F/HPA Ho] F2UEE H8H 2

A .
2bstehy] wAl 83} 72 short circuit path7} &)
stAl & 7% ol 7IAA 52 EgAel A%s
sto] FA7) AbsteS 53k 3F7 obd Zircaloy metal

Al W5 ol HEE XA &
2357 obd FRAR] vzl R ot 7hseA "ok &
gt FHE717F Akstet FA 9 Aol Sl Alo] ofdEr
#3tPd B 2 oxygen vacancyol| #EE 7R E A
ol Rzl Akstehy =24 Aol AVle A1A

G, B Ao 2 9l%o] A Aol nE
A 44e A3 YBTLATE H8Y A 2 e
Eo 2slate] Ak e A$e s AR Has
TS mEg IIst T3 o] we] vheEEE
Agete] EASA e Aok A AR edEs
BAT QFFEAITEI AagEe] FUkE 9% Akt
S 53 garsro] Zld 7)9gthd Fi'y) o] 2
AZ7E AZL AXNA Z717) okbd 2314 £xm o)L}
A HERAY e HEEERAS 2 AFE B
Slojof sHARE B Ay HAEENHS mEs A
o] {AFUT= A E Hol YFFAIETF AT
o] Z7b Qe Asjete Bak Fakkwe] Zle ot
Aolgbr] Bk Abglehye] mAgdoly 753 e
Beldel A3 Fokel FE71A9e) JHutgS B9
o]Fo] M Aog Rt}

Zre 2b8l7t o} Zr AFslek(zirconium oxide)o] FH
Fu)7h S7bsHAl B AL wheba Absteidiells o8 ol
AgA vk Zr 2S5 2r0°] 7% Pilling-
Bedworth H]= °F 1.56%1H], o] 2 Aksiuk-ge <3|
AEEE Zr 3] Fyjol Hls) Atstere] £-37F 56%

7k ovisiH, A= Alshete] FAAFE ol
AEF&HL TV Ho] B% & GPagkEel $3o] 2
Ze Aoz dEA vt sl © o olHd &
He Ad F g =9 gge] APEEA 28T &
HE A3kl "k ol AASE S & o, 4t

e B g aATE AagEe Skl olsiA

| Brke Gl J13s 2o sl Bel
21 A3l 5] o] FolAE Ao malth

O%_\‘%‘



A= g Pl ke Eadsine] % 603

58 8

400°C, 171k=7 TGA HAE ol&sled Zr-
0.8Sn-0.2Nb 2 Zr-0.8Sn- 1.0Nb 374 =l s}
Erast BeAs 2 kgl plx|= Atslete] g ks
Hrrst A3, o3 22 F8 A8 =EElth

1) 71E9 4 A7Aek= 22l 1 pm o8] A
shetel|A] E7|= Abste T vlEEA] gom Aks)
g FA 9F FASHAl yepdth weba 7] ef Aksiet
A BEFAQ FAAAE EFste AL BT
ZoZ Helt},

2) 2kshere] Ao AAIgle]l AT tNFFAHET) Al
e o] Agolx= A =
= A5 FAIF EEES A fARE SEE B

Akshete hypo-

stoichiometry2} ##H 4F2F3-(oxygen vacancy)®] 57}
o w& Akstehl 49 SMEEES] FTte) ofsiAietr]
Hoh= vAltdoy 7
Z(short circuit path)® Z8-3HO 24 Zircaloy metal
substrateS}o] A2 Ql W32 Tl HFFLYFIE T

Yake Aoz ghergnh
o2 3

1. R. F. Boyle and T. J. Kiesiel, WAPD-BT-10, p.24, General
Electric Co., USA, (1958).

2.

3.

4.

o]

10.
11.
12.
13.

14.
15.

16.

H. Uetsuka, T. Furuta, and S. Kawasaki, J. Nucl. Sci.
Tech., 19, 158 (1982).

Y. Kim, D. R. Olander, and W. Jae, J. Kor. Nucl. Soc., 25,
570 (1993).

A. Jonsson, L.Hallstadius, B. Grapen-giesser, and G.
Lysell, in Proceedings of Fuel for the 90's: ANS/ENS
International Topical Meeting on LWR Fuel Performance,
Avignon, France, (American Nuclear Society, USA, Vol. 1,
1991) p.371.

. J. H. Davies and G. A. Potts, in Proceedings of Fuel for

the 90's: ANS/ENS International Topical Meeting on LWR
Fuel Performance, Avignon, France, (American Nuclear
Society, USA, Vol. 1, 1991) p.272.

. Babcock and Wilcox, EPRI NP-6285-M, p.26-29, Electric

Power Research Institute, USA, (1989).

. L. Lunde, J. Nucl. Mater., 44, 241 (1972).
. K. Une, J. Less-Common Met., 57, 93 (1978).
. E. A. Gulbransen and K. F. Andrew, J. Electrochem., Soc.,

101, 348 (1954).

R. P. Marshall, J. Less-Common Met., 13, 45 (1967).
D. W. Shannon, Corrosion, 19, 414 (1963).

B. Cox, AECL-8702, p.34-38, Atomic Energy of Canada
Ltd., Canada, (1985).

S. Aronson, WAPD-BT-19, p.45-50, General Electric Co.,
USA, (1960).

T. Smith, J. Nucl. Mater., 18, 323 (1966).

G. E. Zima, HW-665378, p.41-44, General Electric Co.,
USA, (1960).

J. C. Clayton, in Proceedings of the Zirconium in the
Nuclear Industry: Eighth International Symposium,
(ASTM STP 1023, USA, 1989) p.266.



