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Evaluation on Oxidation of Zry-4 Cladding
during Rapid Transient in NSRR Experiments

Shusaku SHIOZAWA, Satoshi YANAGIHARA and Shinzo SAITO
Division of Reactor Safety
Tokai Research Establishment, JAERI
(Received February 27; 1979)

Oxide layer thickness at the external surface of Zircaloy
cladding was measured metallurgically at the position of a
thermocouple for the fuel rods irradiated to different energy
depositions in NSRR experiments.

The oxide Tayer thickness was related pr1nc1pal1y with the
maximum cladding surface temperature, and it was approximately
4 ym and 30 ym in the claddings attained 1300 °C and 1600 °C
at maximum, respectively.

On the other hand, oxide layer thickness was calculated on
the basis of the temperature histories measured with thermocouples.
Kawasaki et al.'s out-of-pile experimental equation was used for
the temperature range below 1577 °C and Klepfer's for the
temperature range above 1577 °C. Results showed that 90 % of the
total oxide layer forms during the period when the cladding
surface temperature is around its maximum, not much less than 100°C.

The measured oxide 1ayer thickness agrees well with the
calculated value for the temperatures below 1400 °C, but for the
temperatures above 1400 oC the measured value is much larger than
the calculated. This discrepancy is possibly due to the large
temperature difference between ¢ladding surface and cladding intérior
because of the increase of Zr02 layer with extremely low thermal
conductivity and also to the lower temperature indication of the
thermocouple because of the eutectic reaction between zirconium

and thermocouple platinum.

Keywords : Reactivity Initiated Accident, NSRR Reactor, Zircaloy,
Zirconium Oxides, Zircaloy-Steam Reaction, Reaction
Kinetics, Parabolic Rate Law Constant, Cladding
Surface Temperature, Eutectic Reaction, Thermocouple,
Oxide Layer Thickness.
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Fig, 2 Thermocouple attached on cladding

surface before irradiation
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€ ' Fig. 3 Optical microscopic photograph of
2 thermocouple attached on cladding

surface
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Oxide {hickness at thermocouple position is defined as an average

thickness in region A shown in the figure,

Fig.4 Definition of oxide thickness at thermocouple position

-

“r



JAERI-M 8187
30 ~ e
25 +
E 20
E
-
6 p g
] 9
['H]
| E
’
. =)
i -
| 3
: ]
i O 10t
l
1 O measured oxide layer thickness
@ calculated oxide layer thickness
5+
1
|
‘ 1 ] —_
1,000 1,500 2,000
Measured maximum cladding surface temperature {°C)
Fig.5 Relation between maximum cladding surface
P temperature and oxide layer thickness
- é
|




JAERI-M 8187

poyRls

~=—1a]1ad QN

| —=———3upped

e

uonoeal 17 — 14

0] onp Iade[ puosds jo sourieaddy

9 "8y

payoia

— Buppe|2

. ~=—IJAR] PUOJSS

I
=t
ca

_




JAERT-M 8187

“=yoids due

to melting

-~ °'~=:"?'

etched 0.1 mm

thermocouple location

/N L

-~ cladding

=——TJ0; pellet

etched - 0.4mm
: —

Fig. 7 Post irradiation observation at TC location,
showing the voids due to melting



