[= &) =Aa883A
Korean Journal of Materials Research
Vol. 15, No. 2 (2005)

q ARANIE ol &3 A=23dw JEAY WEE AL(RIA) A 44 W7}

AZS - 095 - HA - ¥AA - 34T
FRAAG AL

Evaluation of Ductility During Reactivity Initiated Accident for
Zirconium Cladding using Ring Tension Test
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Abstract Mechanical properties of zirconium cladding were evaluated by ring tension test to simulate
Reactivity-Initiated Accident (RIA) at high burnup situation as an out-reactor test. Zircaloy-4 cladding was
hydrided up to 1000 ppm as well as oxidized up to 100 tm to simulate high-burnup situation. After simulated
high-burnup treatment, ring tension test was carried out from 0.01 to 1/sec to correlate with actual RIA event.
The results showed that ductility and circumferential toughness decreased with the hydrogen content and oxide
thickness. Hydride generated inside cladding acted as brittle failure. Oxygen influenced cladding tube by the
reduction of load bearing area, oxygen embrittlement, and thermal aging. Correlation between in-reactor RIA
parameter like fuel enthalpy and out-reactor toughness was performed and showed a reasonable result.

Key words reactivity initiated accident (RIA), ring tension test, hydride, oxide, fuel enthalpy.
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|
| }

A} TREE mﬂ 4g Ay 92

B Hydriding (300~1000ppm}} Machining
2 Aganom A mAdS) A% Fead sl P |
7l&stant. - v
Machining encapsulating
3
2. A8 oxidizing 470 rurnace)
= Driven out when oxide

2.1 g-%l xHE %I _'?—iE EM’ thickness reached

Ao AMSE HEALE AEH low tin AEZR o). T 20.50. 100
4 (Zr-1.35n-0.21Fe-0.1Cr)& AME3ISTh ZdLnT] 9 Ring tension test {0.01~1/sec)

g Faste dES A3t 65 mm= H&5H

o o]&3 W o g mE 0, Fig. 1. Schematic diagram of experimental procedure.

A
=]
= @-.4?} T, gas =9

mlo -L]
ofr
o
i

H
300, 600, 1000 ppme] Z-EFo 7 F2F AUZ F A
HE 72t 598 2719 X s A Ho A 22 E CFANEH
" Fadge] 2zt gE F Q7] Wil 48 * HE FALEE BAMStE Aot 9 Akste A g v
T Al diste] FAEAME S o XA B A4S %7%6}71 Aste] A AgS Fast
Aol ot Mgt Fake Atsl] sl HEAHSE ¥ vk Fig 29 ® et MEFEE AATh Al

9 2 7
NF ATOE AT F FRUY AFYAY LEY WL HRYPOR @i sl % 17 mm, B4
470°C 297126 AT eBAAN AT 4T0°C  length) 201 mme) @ ARAHES AZ3A,

A

AN 4@ olfe XNEZRol4 DER AFIAY  OR ARNEL U olfE RIAN BB FA
25 Rad AsAA AFY F kA Wi 9 AF 2 Fdkeks Wde] AFWEoR dojuhy] wie]

o] A3ttt 43 753t AFInAL Sils] Witk Al ol A }ohx} 7] wl&o|ith RIAA ¥]Eke] &
B A7 65, 125, 2077 wE2AA s FAZE 7 e Wg o) é‘&g Aol F8 dals] el &
7} 20, 50, 100 pm7} 2 o AE3l APt e, 4 &= P?ﬂ I = APRE olgdle 25 WA
g 9 oo Tk G Yohs] 915k JkFH A F1E e 238 RIA BAE WEhs adoR A
B AF capsuled] 7HE F FUE A7 GAA T S ] R B Ao Aol WELre
71 NAE A Aol ARSIt £4skR Ay A7 wsll wel dERe] J1AE 94 Hrtsidrt. Alske
o] 7%, gas EFl o ko] Al mAE A A
FE & o) M FLT YE A3 kg A ) oacing oin Load REEI
Bl FAE AU F AW shpsien A8 v
Eel 44 el YR Dfjute] Aol AWIBL o —
LA S Q7] wEe] AL vE THE T, BAVR ' D
o YA Table 2 2 Fig. 19] M@l Abgg z Ao
A 49 H8L Jepiadch

Fig. 2. Schematic illustration of ring tension test.

Table 1. Test matrix of this study

0 300 600 1000 ppm
oxidized in air O O O O
20 pm .
same time in vacuum O O O O
50 oxidized in air O O O O
Hm same time in vacuum O O O O
oxidized in air O O O O
100 pm . )
same time in vacuum O O O O

O : 001, 0.1, and 1/sec performed in each condition
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Fig. 4. Effect of hydrogen content on the mechanical property
of ring tension specimen (a) UTS (b) displacement at fracture

Table 2. Fraction of brittle fracture after test with the hydrogen
content.

(a) (b) () (d)

Fig. 3. Ring tension specimen. (a) before test and (b) cup and

(%) 0.01/sec 0.1/sec 1/sec
4mm 0 ppm 0 0 0
300 ppm 66 0 0

600 ppm 0 33 100

1000 ppm 0 66 100

cone (c) 45° shear (d) brittle fracture after test
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Fig. 6. Scanning electron microscope of fracture surface in
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Fig. 8. Relationship of (a) strength and (b) ductility between
oxidized specimen and unoxidized one normalized by the
actual load bearing area.
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Table 3. Change of mechanical properties with strain rate, absorbed hydrogen and oxide thickness

condition ductility Toughness condition ductility Toughness
(mm) (MPa-mm) (mm) (MPa-mm)
300 ppm, 1/sec 1.006 588.16 20 pm, 1/sec 0.944 414.19
600 ppm, 1/sec 0.639 353.11 50 tm, 1/sec 0.731 291.63
1000 ppm, 1/sec 0.647 362.62 100 pm, 1/sec 0.673 228.37
AS, 0.01/sec 0.985 540.08 AS, 1/sec 1.041 600.61
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