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10.6 Fundamental Research on Critical Issues Required on Cladding Materials

Aiming at Burn-up Extension

K.Kiuchi, M.Takizawa*, I.Ioka, M.Suga, T.Yoshida and S.Hamada
(E-mail: kkiuchi@popsvr.tokai.jaeri.go.jp)

The burn-up extension for water reactor fuels of PWR and BWR is required with respect
to both economical demands and spent fuel managements. This research is aiming at the
development of new cladding materials for the advanced MOX fuels with burn-up twice
higher than it of Zircaloys used in the present water reactors. The present study was planned
to elucidate the fundamental properties required to cladding materials for high burn-up and to
decide the primary testing matrix for selecting candidate materials".

The former was investigated with analyzing the practical experience data obtained from
the modification of Zircaloys used in commercial plants. Technological problems of
Zircaloys like nodular corrosion were overcome by adjusting the chemical composition and
by modifying the metallographic structure with the fine dispersed intermetalic compounds.
However, uniform corrosion at high burn-up more than 60GWd/TU and shadow corrosion are
still remained. Major items and important issues are summarized in Fig. 10.6.1. The corrosion
rate of Zircaloy cladding in high temperature water showed the remarkable difference among
testing conditions namely, cold loop tests, inpile loop tests and fuel assembly. It would be
controlled by the irradiation effect at heat transfer surfaces as shown in Fig. 10.6.2 and 10.6.3.
Two types of acceleration effects on the water side corrosion were speculated. At thin oxide
film range, the penetration of oxygen and hydrogen species exited by the low energy plasma
driven permeation effect (PDP is described in this report) is considered to be playing an
important role. At thick oxide film range, the oxidation rate depends on the metal surface
temperature by decreasing the thermal diffusion coefficient. As seen in Fig. 10.6.3, the oxide
film growth rate2' obtained in Zircaloy-4 cladding of PWR shows a linear Arrhenius
relationship to the metal surface temperature calculated by thermo-fluid dynamics. The water
side corrosion on high burn-up of PWR fuel cladding with high operation temperature would
be more severe than it of BWR fuel cladding.

The fundamental properties were investigated with computer simulation methods for
two types of reactor core with MOX fuels, namely , ABWR and HCPWR as shown in Table
10.6.1. The burn-up behavior of MOX fuels has superior than it of UO2 fuels, because of the
low displacement rate due to uniform burn-up rate. Comparing with 5% allowable enrichment
rate in UO2 fuels, 20% of MOX is also an advantage factor on high burn-up for alternative
materials with the neutron absorption cross section lower than it of zirconium alloys. Even if
ABWR, the practical limitation with respect to the neutron adsorptions would be not a
predominant factor. The most important factor on selection of higher burn-up fuel cladding is
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considered to be the water corrosion resistance and irradiation properties like ductility. Major
structural materials were preexamined with respect to alternative materials to Zircaloys.
Austenitic stainless steels is considered to be the most promising material with the
intermediate neutron absorption rate, high corrosion resistance, high mechanical strength and
practical experiences. In our study, the resistance to IGSCC of this steel was markedly
improved by enhancing austenite stability and by minimizing the grain boundary segregation
of impurities. It is achieved by adjusting the chemical composition, by making purified
ingots through electron beam melting and by modifying the metallographic structure through
the thermo-mechanical treatment so-called SAR process as already reported1'.
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Fig. 10.6.2 Change in the metal surface
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Fig. 10.6.3 Arrhenius dependency of the
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cladding tubes plotted to the metal
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Table 10.6.1 Irradiation effects and limitations concerning neutron absorption evaluated by
pin-cell model for cladding tube assembly of HB-BWR and HC-PWR

Materials

Zircaloy-2

Austcnitic
stainless steel

(15-25G-, 14-35Ni-2.5Mo)

Niobium Alloy
(0-10%Mo-Nb)

Irradiation Effect
I00GWD/TU, Maximum enrichment of PuO2: 20%

Void ratio : 0.40.70 %

Displacement Rate
dpa

HB-ABWR
(HC-PWR)

52.7(MOX)
81.6(UO2)

48-50
(107-112)

52-54
(120-123)

Trans-mutation
He. appm

HB-ABWR
(HC-PWR)

1.3(MOX)
I.5UJO2)

59-128
(105-228)

1.2-1.4
(2.0-2.3)

Trans-mutation
H, appm

HB-ABWR
(HC-PWR)

1KMOX
I3(UO2)

593-1162
(1045-2022)

9-12
(16-19)

Neutron
absorption

Relative thickness
of cladding, mm

HB-ABWR

0.7

0.2

<0.1

This evaluation was done by using several calculation codes as follows.

Neutron spectra ( LANL.MCNP), Nuclear reaction (ANL,SPECTER),Thermo-iluid analysis(RELAP5/MOD2)

Irradiation effect; MOX(Uniform burn up rale) < UO2 (Initial burn up rale ; high)

Limitation to neutron absorption; MOX (Pu Enrichment 20%) < UO2(235U Enrichment 5%)
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