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Effects of irradiation on interfacial strength and microstructure of
double-layer mullite and alumina coating on SiC
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« The irradiation effects on the interfacial strength of mullite and alumina double-layer coatings on SiC were
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SPECIAL ISSUE ARTICLE

« A transition layer, approximately 2 um thick, formed at the SiC/mullite interface during the coating process.
« The interfacial strength was evaluated following Si-ion irradiation using the microscale double-notch shear testing techni
« The strength of both the SiC/mullite and alumina/mullite interfaces exhibited no significant degradation following irradi
« Alterations in ALO bonding within the transition layer may contribute to the preservation of interfacial strength after irr

ARTICLE INFO ABSTRACT

Keywords: silicon carbide (SIC) ceramics hold great potential for use in nuclear-re:
sic such as high-temperature strength and low activation. Despite their res
M]“""e ronments, they suffer elevated corrosion rates under particle irradiatior
Aluming

e mullite bond layers and alumina top layers, are essential to enhance the i
Irradiation
Coating of this study was to evaluate the irradiation stability of a double-la

corrosion resistance of SiC in nuclear applications. The coating, which
alumina top layer, was applied to a SIC substrate using laser chemical ve
were conducted at 300 °C with 5.1-MeV Si ions up to 10 displaceme
strength, a novel testing method, called the double-notch shear comp
based on ASTM standards and was implemented using a nanoindente
surements of the mechanical integrity at the interfaces of the coating w
increase in the interfacial strength at the SiC/mullite and alumina/mu
structural analysis of the fracture surface through scanning electron mi
troscopy revealed that cracks propagated within the mullite layer, inc
fracture surface. Transmission electron microscopy (TEM) images indic
existed at the SiC/mullite interface but not at the alumina/mullite in
spectroscopy suggested that the AL-O bonding structures in the transitic
(AIO,) to octahedral (AlOg) through irradiation, and this structural tran

Interfacial strength

1. Introduction reactor fuel claddings and channel
excellent high-temperature strength

SiC ceramic is a potential candidate material for use in nuclear- demonstrates  corrosion  resista
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Evaluation of equi-biaxial strength of thin sic coatings using
ring-on-ring testing and digital image correlation

Sola Iwamoto'?> | Sosuke Kondo’® | Hirokazu Katsui’® | Kazuya Shimoda*® |
Hao Yu’ | YasuyukiOgino®> | Ryuta Kasada’

IDepartment of Quantum Science and

Energy Engineering, Graduate School of Abstract

Engineering, Tohoku University, Sendai, To assess the strength of coatings under multi-axial stress conditions, a method

Japan was developed to evaluate the biaxial strength of thin silicon carbide (SiC) coat-
ings using a ring-on-ring test. A graphite substrate was used as an intermediary
to transmit stress from the load ring to the coated specimen, and the thin coat-
ing was subjected to a uniform equi-biaxial stress. The strain in the thin film
was continuously monitored using digital image correlation, allowing the iden-
tification of the time at which and when the initial crack occurred; the stress
applied to the loading area at time was determined to be the fracture strength of
the thin SiC films. The obtained fracture strength ranged from 209 to 1014 MPa
and was dependent on specimen volume. Notably, the thinnest specimen exhib-
ited the highest strength, whereas the strengths of thicker specimens approached
previously reported bulk strengths.
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1 | INTRODUCTION method results in the precipitation of residual Si, C, and
additives as secondary phases, which reduces oxidation

and creep resistance.” Pore formation mslde the preform
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Microstructure and integrity of multilayer ceramic coating with alumina
top coat on silicon carbide by laser chemical vapor deposition
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1. Introduction ‘with un
irradiati D
SiC and its fiber-reinforced composites (SiC/SiC) are promising next that of ¢
generation structural materials for nuclear fuel cladding and nuclear  coating
waste disposal systems owing to their excellent strength at high tem- ising car
peratures and outstanding irradiation stability [1,2]. These components  used in

and systems are exposed to extremely corrosive environments with Alth

of Corr

gy for Ceramic-Based Nuclear Reactors
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high-temperature and high-pressure water and steam under irradiation.  ings pre Aichi 4638560, Japan)
Besides, irradiation-accelerated corrosion is also an issue because the  coating * Research Center for Structural Materials, National Institute for Materials Science (1-2-1 Sengen, Tsukuba-shi, Ibaraki 305-0047, Japan)
irradiation induces various lattice defects [3,4]. As difficult
coatings have gained much attention in the field of nuclear power,  method Keywords : SIC/SIC, CVD, Nuclear Materials, Ceramics, Corrosion
coatings with metals and non-oxide ceramics, such as carbides and ni-  method
trides, have been preliminary developed by some research groups [5,6].  substrat
Although the components with these coating layers having well adhe-  fects arc
siveness and dense configuration could be fabricated, the coatings of  theoreti
metals and non-oxides radically suffer from degradation by oxidation  thermal e BRI, b % X%
[7]. Among oxide ceramics, it is known that alumina is one of the best  suppres: 1. Lo SIC % SICISIC bR A BT o BB 17 00 ) e b
for corrosion resistance under high-temperature and high-pressure  ceramic B ' " v
water exposure [8]. Besides, alumina coatings would be compatible  with bo: 2011 E DR HE T HREET P TIR, 2% v‘ i LEhaBlo—2, LCOENR BN TDH 2
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