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Out-of-pile Test of Zirconium Cladding

simulating Reactivity Initiated Accident
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Abstract

Mechanical properties of zirconium cladding such as Zircaloy-4 and advanced cladding
were evaluated by ring tension test to simulate Reactivity-Initiated Accident (RIA) as
an out—pile test. Cladding was hydrided by means of charging hydrogen up to 1000ppm
to simulate high-burnup situation, finally fabricated to circumferential tensile specimen.
Ring tension test was carried out from 0.01 to 1/sec to keep pace with actual RIA
event. The results showed that mechanical strength of zirconium cladding increased at
the value of 7.8% but ductility decreased at the 34% as applied strain rate and absorbed
hydrogen increased. Further activities regarding out-of-pile testing plans for simulated

high-burnup cladding were discussed in this paper.
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Table. 1 Chemical Composition of experimental alloys

Nb Sn Fe Cr O 7r
Zircaloy—4 - 1.3 0.21 0.1 0.13 bal.
A 1.0 1.0 0.1 - - bal.
Table. 2 Test matrix of this study
0 300 600 1000ppm
Zircaloy—-4 O O O O
0.01/
See A O O O O
0.1/ Zircaloy—4 O O O O
.1/sec
A O O O O
Zircaloy-4 O O O O
1/sec
A O O O @)

Table. 3 Change of mechanical properties with strain rate and absorbed hydrogen

0 ppm, 0.01/sec | 1000ppm, 1/sec |change (%)
UTS (MPa) 698.46 753.12 +7.8
Zry-4
dr (mm) 0.985 0.647 -34.3
A UTS (MPa) 709.98 750.28 +5.7
dr (mm) 1.014 0.682 -32.7
Table. 4 Fraction of brittle fracture after test
(%) 0.01/sec 0.1/sec 1/sec
0 Zry—-4 0 0 0
ppm
A 0 0 0
Zry-4 66 0 0
300ppm
A 0 50 100
Zry-4 0 33 100
600ppm
A 0 33 66
Zry-4 0 66 100
1000ppm
A 0 33 100




cladding Hydriding W

e |
H

Loading pin ".‘ Load d,
C

?_] Istlain

i =

beam _.__
(a) (b)

Fig. 1 (a) Schematic illustration of ring tension test of hydrided cladding (b) Geometry

of ring tension specimen (W:4.27mm, w:1.70mm, L:4.27mm, G:2.11lmm, R:1.08mm)
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Fig. 2 ring tension specimen (a) before test and (b) cup and cone
(c) 45° shear (d) brittle fracture after test
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Fig. 3 Effect of strain rate on mechanical property of ring tension specimen
(a), (b) UTS (c), (d) displacement at failure
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Fig. 4 Effect of hydrogen content on mechanical property of ring tension specimen
(a) UTS (b) displacement at fracture




(a) (b)
Fig. 5 Optical microstructures of fracture surface of ring specimen at 1/sec
(a) non—hydrided (x50), (b) 1000ppm hydrided (x50)

(a) (b) (c)
Fig. 6 Scanning electron microscope of fracture surface in Zircaloy—4 after test at 1/sec
(a) non-hydrided (x3000), (b) 1000ppm hydrided (x500), (c) 1000ppm hydrided (x3000)
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Fig. 7 Road map of out-of-pile RIA test for zirconium fuel cladding
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