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Background 

Oak Ridge National Laboratory [1,2] 

1. L. Snead, SiC development related to ATF applications, EPRI/INL/DOE 
Joint Workshop on Accident Tolerant Fuel, San Antonio, TX. February 
27-28, 2014. 

2. L. Snead, Composites for Nuclear Applications, Slides for Consideration/  
EGATF 
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SiC & Composites for Nuclear Applications 

 SiC has been used in nuclear applications 
for more than four decades as a nuclear  
fuels the pressure vessel of a TRISO fuel 

 Currently, there are several fission applications of SiC/SiC 
undergoing R&D. 
• Channel box for BWR(EPRI BWR Channel Box initiative) 
• SiC composite clad(DOE NGNP and AHTR, GA-EM2) 
• Advanced fuel (fuel matrix for TRISO compacts) 

EPRI Channel Box 

CTP 
SiC Clad 

FCM Fuel 
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SiC composite* 
• SiC/SiC Composites : Benefits for Accident Tolerance 

 Significantly reduced reaction with steam (less Hydrogen, less heat) 

 High temperature strength/toughness improves fuel relocation 
performance (cladding) 

 Compared with alternative cladding, cross-section is low 

 Creep resistance could eliminate channel bow (Channel box) 
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Application of SiC/SiC for LWR 
core internals 

 SiC/SiC is inherently “leaky”, ceramic solutions for FP retention 
superior to zircaloy may not be feasible at industry standard. This is 
potentially impossible.  ”hybrid” designs employing metallic inserts 
or bladder are being pursued. 

 SiC joining is important for many nuclear applications and is 
challenging, though recent research shows potentially radiation 
stable joints 

 As compared to the clad application, the BWR channel box 
application appears both technically important and an appropriate 
technological “leap” for entry into a commercial system. Important 
issues such as corrosion and corrosion product mitigation need to 
be addressed. 

 The minor effort in codes and standards are critical to development 
and should be strengthened. 
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US’s Contribution & Plan 

DOE[1], WEC[2], General Atomics[3], 
EPRI[4] 

 
1. Jon Carmack, DOE Fuel Cycle R&D FOA Program on ATF, EPRI/INL/DOE 

Joint Workshop on Accident Tolerant Fuel, February 2014 
2. Sumit Ray, Update on Westinghouse Accident Tolerant Fuel Program, 

EPRI/INL/DOE Joint Workshop on Accident Tolerant Fuel, February 2014 
3. Christina A. Back, Advanced Fuel Technologies at General Atomics, 

OECD/NEA Workshop on Accident Tolerant Fuels of LWRs, 2012 
4. Andrew Sowder, EPRI Update Since the 2nd OECD/NEA Meeting on ATF,  

OECD/NEA Start-Up Meeting of The EG on ATFs for LWRs,  April 2014. 
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Funded ATF Projects 
• DOE : SiC composite cladding  
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SiC clad-WEC & GA 
• SiC composite cladding is a long term project to 

– increases maximum tolerable cladding temperature from current 
1200°C up to 2000°C 

– increases corrosion resistance at normal operating conditions (~300°C) 

• SiC clad fuel would provide significant "grace time" to 
cope with the accident like Fukushima. 
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SiC clad-WEC & GA 
• Westinghouse Electric Company LLC – project 

management, ATF engineering, licensing 

• General Atomics – SiC cladding development and 
manufacture 

• Overall Timeline of Development Program 

– 2012 to 2014 : Manufacture test specimens for experimental 
evaluations 

– 2014 to 2016 : Preparing for test reactor irradiation of rods 
(ATR, HIFR, & MITR) 

– 2016 to 2022 : Licensing, Long term test reactor testing of 
integrated cladding/pellet concept(s), develop economic 
manufacturing technology 
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SiC Cladding Mechanical 
Modeling 

These studies indicate a high confidence in maintaining hermeticity with the outer 
monolith concept 
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SiC Corrosion at Normal 
Operating Conditions 

Corrosion at both high and low temperatures much lower than that of 
zirconium alloys 
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In-Reactor Corrosion of SiC 

• Cut ends must be sealed with a significant thickness of CVD’d 
SiC to keep coolant away from fibers  

• Outside monolith will reduce or eliminate coolant/fiber contact 
• In-reactor tests showed minimal corrosion depending on 

manufacturing process 
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EPRI SiC Composite BWR 
Channel Program 
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SiC Composite BWR Channel 
 Test article fabrication : SiC/SiC matrix composite fabricated for 

impact testing via CVD process  
 Material Characterization 

• Measured strength lower than expectation 
• New test coupons for strength improvement planned;  

Increase fiber content, Optimized fiber orientation 
 Quench survivability 

• Test article remained intact without cracking  
• Post Quench tensile tests showed no strength degradation 

EPRI SiC/SiC Channel Box 
Flexible Woven Fibers 

Infiltrated with SiC 
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SiC Composite BWR Channel 
 MIT corrosion test (Pure water at 280°C without hydrogen injection)  

• High weight loss measured after one cycle; Mostly edge and 
some surface degradation  

 Corrosion Mitigation Options 

• Metal coating 

– ORNL : coat SiC with various metal alloys 

• Stabilize SiO2 

– Co-deposit a surface layer additive to stabilize SiO2 ; Co-
deposition of ZrC + SiC, ZrSiO4 is insoluble in water 
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Summary-US  

• SiC cladding development proceeding without any 
major issues , on target to meet the 2016 date for lead 
test rods in a test reactor 

• Evaluations conducted thus far suggest SiC composite 
could meet BWR Channel mechanical design 
requirements 

• Material recession in BWR water chemistry may be an 
issue; Strategies to protect SiC in BWR environment is 
being explored 
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France’s Contribution & Plan 
CEA [1-6] 

I3P- THREE PARTIES INSTITUTE CEA-EDF-AREVA[7] 

1. M. LE FLEM et al., Evaluation of potential alternative nuclear fuel cladding materials for LWRS – CEA 
STUDIES, OECD/NEA Workshop on Accident Tolerant Fuels of LWRs, 2012. 

2. J.-C. Brachet et al., CEA studies on nuclear fuel claddings for LWRs enhanced accident tolerant fuel: recent 
results, pending issues and prospects, OECD-NEA Meeting on Increased Accident Tolerance of Fuels for 
LWRs, 2013 

3. CEA : expectations and provisional contribution to a collaborative activity on ATF, OECD-NEA Meeting on 
Increased Accident Tolerance of Fuels for LWRs, 2013 

4. M. Zabiégo et al., « Improved multilayer tube made from ceramic-matrix composite material, the resulting 
nuclear fuel cladding and associated production methods », CEA patent, WO2013017621 A1, (February 7th 
2013).  

5. M. Zabiégo et al., « Overview of CEA’s R&D on GFR fuel element design: from challenges to solutions », 
IAEA-CN-199/282, FR13 conference, Paris, France, (Mars 4-7, 2013)   

6. C. Sauder et al., « Assessment of SiC/SiC cladding for LWRs », proceeding of 2013 LWR Fuel Performance 
Meeting/TopFuel, Charlotte, USA, (Sept. 15-19, 2013) 

7. T. Forgeron et al., ATF R&D STATUS AND PERSPECTIVES,  OECD/NEA Start-Up Meeting of The EG on ATFs 
for LWRs,  April 2014. 
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SiC/SiC+liner composite 
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Results updates 

 Oxidation testing in nominal conditions 

 First oxidation tests of SiC/SiC in LWR nominal 
conditions for 3,500h are promising even if oxidation 
mechanism must be clearly understood. 

 Pyrocarbon interphase is not affected : no reduction 
of mechanical strength  

 SiC recession is estimated to be 0.5m after 3,500h of 
LWR nominal oxidation conditions 

 

 Sandwich SiC/SiC cladding must be suitable for LWR 
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Prospects 
 Clad characterizations and evaluation programs are now 

undertaken with the support of the French Industrial 
partners AREVA and EDF. 

 Short/mid term Prospects  

 Numerical simulation of rod behavior in Normal operation (PCI, 
design) 

 Fuel-SiC interface issues  

 Corrosion/wear in nominal conditions (sandwich concept)  

 High temperature oxidation  

 Irradiation testing 

 International collaborations (benchmarking and 
evaluation) 

 SiC-SiC sandwich with Ta liner are candidates to experimental 
comparisons and numerical approach evaluations 
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Japan’s Contribution & Plan 

JAEA [1]  

1. Challenges in Japan on SiC as for ATF material in LWR, provided by Dr. 
Kurata, 2014 
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Summary-Japan 

 Various knowledge on SiC being accumulated mai
nly in universities in Japan. 

 In 2012, several  projects were launched for SiC-ut
ilization to LWRs, in which innovative fabrication te
chnology being developed and various fundament
al tests including irradiation tests being progresse
d.  

 In 2014, feasibility study for common and synerget
ic R&D started, in which collaboration among insti
tutes, universities, and industries discussed. 
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Korea’s Contribution & Plan 

Korea Atomic Energy Research Institute [1] 

1. Jeong-Yong PARK et al., Current status of accident tolerant fuel 
development in the Republic of Korea, OECD/NEA Meeting on Increased 
Accident Tolerance of Fuels for LWRs, Oct. 2013 
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Korea’s SiC cladding program 

 R&D program for Accident Tolerant Fuels, which is funded by 
Korean government, was launched at 2012. 

 SiC/SiC composite cladding & Hybrid cladding are being 
developed. 

 Objectives of this 5-year project (2012-2016) are to  

• Determine the potential candidates for ATF cladding. 

• Test out-of-pile performances & establish DBs for ATF cladding  

• Irradiate in research reactors 

 Long-term goal is to develop Lead Test Rods technology of ATF by 
2022.     
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 Evaluation of Hoop Stress of 
Triplex SiC Tube 
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 Effect of Dissolved Hydrogen on 
the Corrosion of CVD SiC 
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Hybrid Technology Development 
for ATFC 
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China’s Contribution & Plan 

China General Nuclear Power 
Corporation(CGN) [1,2] 

1. CGN’s Vision for Accident Tolerant Fuel Development Collaboration, 
OECD/NEA Meeting on Increased Accident Tolerance of Fuels for LWRs, 
Oct. 2013 

2. Accident Tolerant Fuel Research Activities in CGN, OECD/NEA expert 
meeting, April 2014 
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ATF Development Union 
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SiC ceramic cladding 
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Summary-China 

 Under the background of international Accident 
Tolerant Fuel research, China has launched the national 
ATF R&D project, initiated by CGN and with extensive 
domestic superior organizations participated in; 

 Existing or under construction research facilities and 
abilities in China will contribute to the implementation 
of ATF R&D activities; 

 CGN is of great interest to ATF development. 

 SiC cladding is one of the interesting options for ATF.  
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Thank your for your attention! 


