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Behavior of Inner Surface Oxidation of the Zircaloy

Clad&ing Tube in a Loss-of -Coolant Accident

F
Kozo HONMA , Masao HASHIMOTO, Teruo FURUTA
Takashi OTOMO and Satoru KAWASAKI

Division of Reactor Safety, Tokai, JAERI
(Received June 3, 1976)

In simulation of inner surface oxidation of the fuel
cladding in a LOCA, oxidation of the zircaloy cladding in
stagnant steam has been studied. Weight gain of the oxidized
specimen in stagnant steam is less than that of the oxidized
specimen'in flowing steam. Ring compression test shows, however,
that ductility loss of the oxidized specimen in stagnant steam
is more than that of the oxidized specimen in flowing steam
despite its less oxidation. The oxidized specimen in stagnant
steam absorbs hydrogen but the oxidized specimen in flowing steam
doesn’t. The ductility is decreased with the hydrogen content.

* Parmanent address: Research § Engineering Laboratory,
Mitsubishi Atomic Power Ind., Inc. Saitama Japan
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Table 1 Chemical composition of Zircaloy -4
Element |5n |Fe | Cr |reenijAL | B | Cd | Co | Cu | Hf | Mn |Si
Content(Wb)| 1. 46 | 0.22 | 0.10 | 0. 32 |0.0063|<00000H<0000K]<0.0005 0.0019 00083<0.0010,0.0030
Element | Ti |[W (U [Pb|CLIMg|[Ca|C |O |HIN |Zr
Content(Wo)! 0.0010l<aocio kooooss<0.0010<00020 < 00005 <000050.0080 | 01280 00020 0.0018| Bal.
Table 2 Hydrogen Analysis
Sample | Steam Condition Reacted Zr | Deflection E‘Yd.'f"’gfe"
Number | Atmoshere | °C  min |Zr mg/m? | d0.8 {mm) %’E;r?\n
36 |Stagnant | 950 10 6.16 4.06 {10
42 4 s 20 7.33 1.24 32
46 v s 30 | 12.93 0.76 22
547 tiowing % {0 11.03 5.07 <10
545 + 4 20 13.77 2.08 <10
544 * ] 30 15.48 1.40 {10
21 |Stognent [I000 10 4.07 5.36 <10
23 9 s N 7.73 0.39 57
18 * + 20 10.45 3.90 i0o
11 3 2 + 10.02 0.28 93
31 s ’ 30 i5.24 0.32 45
753 . flowing % 10 15.75 4.96 <10
752 g “ 20 22.13 2.64 10
550 ’ % 30 28.28 2.86 <10
51 Stagnant [1050 10 6.75 2.04 27
52 " s n .30 0.40 17
54 4 ’ 15 12.96 0.20 127
59 5 ’ 20 {1.03 0.16 63
757 flowing 3 fo | 20.97 2.40 {10
" 65 |Stagnant (1100 10 | 812 | 022 | 6l
761 fiowing s s+ | 37.08 | 2.96 {10
Note

Initial Hydrogen 20 ppm
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Oxi. Temp.
. 950°C W= Kp-t
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as a Function of Holding Time for various
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@

Fig.5 Secondary Electromicrographs of Stagnant Steam Oxidized

Zircaloy-4 Exposure Time 10 min. at 1000°C

| (a)and (b) reacted Zr 79mglcm’
(c)and (d) reacted Zr 41 mg/cmz
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Fig 6 X-ray diffraction patterns for Oxide Film
NO.28 reacted Zr 41 mg/cm  at 1000 C in stagnant steam {porous oxide titm)

NQ.24  reacted Zr 7.9mgicm s 2 (dense oxide film})
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Fig 8 Specimen Ductilities as a Function of
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Ring Compression Test 20 mm/min at100°c
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Fig 11 Specimen Ductilities as a Function of
Steam Reacted Zircaloy-4
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Fig.12 Specimen Ductilities as a Function of

Steam Reacted Zircaloy-4
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