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Abstract of Thesis

In the current light water reactors, U0, is used for fuels and Zr based alloys are used for cladding.
For the enhancement of the tolerance to severe accidents, it is a promising way to replace Zr based
alloys by another material having higher resistivity to steam oxidation and higher mechanica}l strength
that ailows fuels to keep the integrity at elevated temperature. In order to compensate for the neutronic
inefficiency of advanced cladding materials, UO; should also be replaced by another material having
higher U density. Besides, higher thermal conductivity is preferred since it will improve the heat
removal efficiency when the reactor loses the coolant. Such fuel that has high tolerance to accidents
is called accident-tolerant fuel (ATF). This study is intended to propose a new ATF: U-silicide fuel
with Mo claddings coated with Mo silicide. In order fo get a fundamental information on the candidate
materials, their thermal and mechanical properties were evaluated.

Chapter 1 starts from explaining problems on fuels cecurred during Fukushima Nuclear Power Plant accident.
From this accident, developing ATFs has become an important issue that needs to be given attention.
After reviewing the current development status of ATFs, the new ATF concept is proposed. The purpose of
this study is mentioned in this chapter.

Chapter 2, the experimental methods are described. The synthesis method of the samples and the measurement
techniques of thermal and mechanical properties used in this study are explained.

Chapter 3 explains the advantages of the Mo cladding and the challenge for utilizing it. While Mc has
several advantages, Mo has a problem on corrosion and oxidation. This problem can be solved by coating
the outer surface of Mo cladding. As a candidate for the coating material, MoSi: is selected. The
oxidation resistance of MoSis under steam atmosphere and compatibility of MoSis—Mo are evaluated. For
the compatibility, the thermal stress between MoSiy; and Mo are calculated based on the physical
properties,

in chapter 4, U-silicides are discussed in order to select the best U-silicide for the fuel. Since the
available information on the physical properties of them is limited, the physical properties of them
were measured. Among U-silicides, UsSip, UsSi, and USi; were selected, and dense specimens without
impurities were fabricated. Next, the basic properties such as crystal structures, thermal, and
mechanical properties were investigated. The measured data are compared with literature values and other
compounds such as U,Si; and USi. Based on the compared physical properties, one compound is chosen as
the most promising fuel in the U-Si system.

Chapter 5 summarizes the proposed coating/Mo cladding/U-silicide fuel system. It is shown that the
selected materials exhibit pgood performance in the important parameters. It is concluded that the

proposed ATF has a potential as an ATF and should be studied further.
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BATORASF CIE, 8 LT Zr 8&WEE L U0 BEBAVLRATWS, fERI%FE LT Ir
B EVRANLNTWDOMEZr BEVGPETRIBIERS 24 LT 572971008 Ir MoBssgrinss
B BEOKREEIELTEEKRFEREZFTLE L WOIBEELD, TORD, Ir §&%EHV
KREEGHE BMHELER T OS2 RETE AEV BRI T T A WE CREML DT L BT
TR, B IS T ATMEOROCABINERTE R LELZ LG, —HFTREMEIT 7r Lo b
PRI BAKENZ EATRINRS 0, BEHTIE U0 X0 bFHW U B2 F-8E %+ A
NS ERY bhd, S5, HEB & OMEERNE T BRI E D B R
KTEDD, # WERESRZFLTWAIENEE LY, A6 ORI S G 3 2 8E0% FikimE
FREHATF) LIRS, ARERSCTHMo S VWA FOHIB LMo #0BE LU LU ¥ Fhb238HLn
ATF Z4REL, & #iHHEOERNSE LML TErORYUMEZRIIL TWA,

BE—ETIEHATF OTRIZ W TOMHR & AR OB CBHBEA SN TING,

BT, AEHERT B ERIE FIERHE SN TS, EEBETR. BRSNS
LTWEbODEELSLTWEWN I KENRH BMo 2L LTHWA BT, MoSis 7L B85
BEDPZOWTORIENR R SN TN D, MoSi: AR L TEOKESEESI%IEH L, MoSi, A8
KESBRIZH LU TEOIMEEE L TWA D LARENTHWS, E7. Mo BHEEE MoSi, THE
LIcBRiC, BINOFRE & R 2MOBRANREE LR2WIREET 572 DIZ, MoSi, OEUMmMECHERAY
FrEERIE L., Mo S & MoSi. #¥7 & OMAESLRICEBIT A HEFHLTWS,

EUETR, PE L TGRIRLE U U3 Fohhb e U U 344 FESHaRET 3
ToiZ, UsSia, UsSi, USiy Z{EM L TEOEBARMMEEZFEML WS, b OWiEEU0, Ol
MEE L, FLOBREORGLE 2BEEMERBELTWS,

AN CHULOBREZ LV FLDE L CASEDOBESPIERERRLATNS, LDk iz,
AL T Mo U YA FTRE LY Mo B L U S UYA ROOARZIHLUVATE 2B, &
A 7 P RR A A L CHRAN & A2 B LB iR E P2 UM DFEEAM T AL TN 5.




