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UOZ-Zirca1oy Chemical Reactions in the NSRR Experiments

Shusaku SHIOZAWA, Shinzo SAITO and Satoshi YANAGIHARA

Division of Reactor Safety :
Tokai Research Establishment, JAERI f\
(Received May 11, 1979)

Chemical reactions between UO2 fuel and Zircaloy-4 cladding material
under reactivity initiated accident (RIA) conditions are described, Post-
jrradiation examination of the fuel rods, in the NSRR experiments, was made
with an optical microscope and an electron microprobe analyzer.

In the fuel rods subjected to around or more than failure threshold
energy deposition (approximately 260 ca]/g.UOz), U0,-Zircaloy reaction
layer is observable, Observation of the layer with an electron microprobe
analyzer shows that the layer consists of [a-Zr(0}, U], [U or (U, Zr) alloy]
and [a-Zr(0)] phases. It is possible that due to the thermodynamic
instakbility between UO2 and Zircaloy, UO2 js partly reduced by Zircaloy
at energy depositions around the failure threshold, so that UOZ—Zircaloy
reaction layer forms between these two. The present results are in
agreement with those of out-of-pile tests and in-pile PCM experiments in
the phases formed, though the test conditions are different.

The UOZ—Zirca1oy reaction occurred invaliably in all the fuel rods
which were tested under different conditions and failed due to cladding
embrittlement. The binding of pellets and cladding produced by UOZ-Zirca1oy
reaction does not permit thermal contraction of the cladding in quenching,
The U02—Zirca1oy reaction thus plays an important role in the brittle
fracture of fuel rods, ¢

Keywords : Reactivity Initiated Accident, NSRR Reactor,
UOZ-Zirca1oy Chemical Reaction, Optical Microscope,
Electron Microprobe Analysis, Fuel Failure, Reaction lLayer,
Brittle Fracture, Failure Mechanism
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Table 1 Composition of Chemical Etching Solution

Etching Solution for Zircaloy

Lactic acid Cp Hy (OH) (COOH) -+ 56

Nitric acid HNQ; +-emereremrrmmmmeeseessnmess 19

Fluoric acid HF orreeeemvemmmnmmmmsmrnmnaneens 7

~ Distilled water Hy Q eoveerrrresesmsnsessninnes 18
Etching Selution for UO:

Sulphuric  acid  HySO, e 10

Hydrogen peroxide Hz Qp wrerrerrrrrreeee 90

vol ,

® R

vol .

®

vol .

R

vol.

®

vol.

R

vol .,

Table 2 Specimen Details for Electron-micro -probe Analysis

Test No Energy Deposition Post~irradiation Bonding of Pellet
| (cal,7g+102} Appearance and Cladding

202 —4 252 No failure No
Failure by

200—5 264 . . Yes
circumferential cracks

' Broken into five
111—6 330 Yes

pieces

Tahle 3 Electron -micro -probe Analysis Condition

: -Wave Length
Element Detected X -ray (1&)
U U -Ma 3. 910
Zr Zr-La 16.070
0 : O -Ke 23. 707
Electron Beam Diameter < 3 pm
Applied Voltage 20 ~ 30 kW
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: ZI_'OZ

Oxygen — stabilized a—Zry

Prior 8—Zry

{@&— incursion)

a—Zry (O)__

{U+Zr) phase —__
UQ, —Zry reaction layer

a—Zry (0Y+U (

UG:
0.1 mm
L
Etched Bright Field

Fig.4 Longitudinal section of the post—irradiation fuel rod

located 15mm from the bottom of the fuel stack,

showing UQ.,—Zry chemical reaction
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~ [a—2Zr (O) b ] Phase

- [Uor (U, Zr) Alloy) Phase

— {a—Zr {0)a+U ] Phase

e ¥ )

a) Bright Field \

U “precipitation at grain boundaries

[a—Zr (©)Db ) Phase

] [a—Zr (0)+U ) Phass

b) Polarized Light

0.1 mm

Fig. 7 Longitudinal seciion of the post—test fuel rod
irradiated at 264 caf-g.UQ,, showing UO; Zry
reaction and cladding melting.
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a—Zr (O)b Uar (U, Zr) alloy

a—Zr (Ola+U

UQ, pellet

prior §

-

initial UQ, . Zry phase boundary

30 #m

Fig. 8 Transverse section of the post-—test fuel rod irradiated
at approximately 260 caf /g.UO,, showing the initial

UQ; ~Zvy phase boundary and the diffusion of U, Zr
and O.
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1500 ¢C

U0z ZrQy
UOz + ZF02¢
a-Zr{i0}

U0, a-2r(0)«L

2 a-Zr EO’

UOz s L il e
=
| 272G /e Zd0 (fu Bz
: o= Uz g = T
U L {y-u. 53—2” Zr

Fig. ¢ Isothermal section in the U—Zr—0O system at
1500°C T, 10)

Etched

Zry—4

U0, —
Cladding

PelIeT

Bright Field

50 #£m
I

Fig. 10 Transverse section of the fuel rod irradiated at 334 caf g. U0,
showing the precipitation of U and or U—Zr alloy within

cladding material,
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Fig. 13

Electron —Micro — Probe —Analysis ( Energy Deposition :

334 caf,g.UO; )
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