APPENDIX E

Appearance and Microstructure of E110 Standard As-received Tubes
after a Single-sided Oxidation at 1100 C and F/F Combination
of Heating and Cooling Rates
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Fig. E.1. Appearance of E110 standard as-received tubes as a function of the ECR after single-sided
oxidation at 1100 C and F/F combination of heating and cooling rates

E-2



#54-5 ECR=6.6 % #42-5 ECR=8.9 %
Etched _ Etched

Fig. E.2. Microstructure of E110 standard as-received tubes after a single-sided oxidation at 1100 C
and F/F combination of heating and cooling rates
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APPENDIX F

Appearances and Microstructures of E635 Standard As-received Tubes
after a Double-sided Oxidation at 1000, 1100 C and F/F Combination
of Heating and Cooling Rates
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Fig. F-1. Appearance of E635 standard as-received tubes as a function of the ECR after
a double-sided oxidation at 1000 C and F/F combination of heating and cooling rates



Fig. F-2. Appearance of E635 standard as-received tubes as a function of the ECR after
a double-sided oxidation at 1100 C and F/F combination of heating and cooling rates
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Fig. F-3. Microstructure of E635 standard as-received tubes after a double-sided oxidation at 1000 C
and F/F combination of heating and cooling rates
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Fig. F-4. Microstructure of E635 standard as-received tubes after a double-sided oxidation at 1100 C
and F/F combination of heating and cooling rates
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APPENDIX G

Appearances and Microstructures of Zry-4 As-received Claddings after
a Double-sided Oxidation at 1100 C and S/S, F/F Combinations
of Heating and Cooling Rates
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Fig. G-1. Appearance of Zry-4 as-received claddings after a double-sided oxidation at 1100 C
and S/S, F/F combinations of heating and cooling rates
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Fig. G-2. Microstructure of Zry-4 as-received claddings after a double-sided oxidation at 1100 C
and S/S, F/F combinations of heating and cooling rates
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APPENDIX H

Appearance and Microstructure of E110, E635 As-received Tubes
Manufactured on the Basis of the Sponge Zr, E110,,,, gy As-received
Tubes after a Double-sided Oxidation at 900, 1000, 1100, 1200 C and
F/F Combination of Heating and Cooling Rates
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Fig. H-1. Appearance of E110) as-received tubes as a function of the ECR after
a double-sided oxidation at 1000 C and F/F combination of heating and cooling rates
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Fig. H-2. Appearance of E110¢,y) as-received tubes as a function of the ECR after
a double-sided oxidation at 900 C and F/F combination of heating and cooling rates




Fig. H-3. Appearance of E110¢,y) as-received tubes as a function of the ECR after
a double-sided oxidation at 1000 C and F/F combination of heating and cooling rates
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Fig. H-4. Microstructure of E110¢,y) as-received tubes after a double-sided oxidation at 900°C
and ECR=7.5 % (F/F combination of heating and cooling rates)
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Fig. H-5. Microstructure of E110¢@3,y) and E110¢) as-received tubes after a double-sided oxidation at 1000°C
and ECR=6.5-6.9 % (F/F combination of heating and cooling rates)
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Fig. H-6. Microstructure of E110¢@3,y) and E110¢:) as-received tubes after a double-sided oxidation at 1000°C
and ECR=8.5-8.9 % (F/F combination of heating and cooling rates)
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Fig. H-7. Appearance of E110¢ as-received tubes as a function of the ECR after a double-sided oxidation
at 1100 C and F/F combination of heating and cooling rates



Fig. H-8. Appearance of E110¢@,y) and E110¢;4 standard as-received tubes as a function of the ECR
after a double-sided oxidation at 1100 C and F/F combination of heating and cooling rates
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Fig. H-9. Microstructure of E110¢), E110¢3¢ as-received tubes after a double-sided oxidation at 1100°C
and F/F combination of heating and cooling rates
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Fig. H-10. Microstructure of E110¢,y) as-received tubes after a double-sided oxidation at 1100°C
and F/F combination of heating and cooling rates



Fig. H-11. Appearance of E110,,) as-received tubes as a function of the ECR after a double-sided oxidation
at 1200 C and F/F combination of heating and cooling rates
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Fig. H-12. Microstructure of E110¢,y) as-received tubes after a double-sided oxidation at 1200°C
and F/F combination of heating and cooling rates
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Fig. H-13. Appearance and microstructure of E635¢ ) as-received tubes after a double-sided oxidation at 1100°C
and F/F combination of heating and cooling rates



Fig. H-14. Appearance of E110,,, ur as-received tubes after a double-sided oxidation at 1100 C
and F/F combination of heating and cooling rates
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Fig. H-15. Microstructure of E110,,, ur as-received tubes after a double-sided oxidation at 1100 C
and F/F combination of heating and cooling rates
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Fig. H-16. Appearance of E110,, as-received machined/etched tubes after a double-sided oxidation at 1100 C
and F/F combination of heating and cooling rates
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Fig. H-17. Microstructure of E110,, as-received machined/etched tubes after a double-sided oxidation at 1100 C
and F/F combination of heating and cooling rates



APPENDIX 1

Appearance and Microstructure of E110 Commercial Irradiated
Cladding after a Double-sided Oxidation at 1000, 1100, 1200 C and S/8S,
S/F, IF/F Combinations of Heating and Cooling Rates

I-1




#14
ECR=8.3 %
#15
ECR=8.1 %
#10
ECR=7.7 %
#21
ECR=7.0 % — .
#20
ECR=6.3 %
before the test

Fig. I-1. Appearance of E110 commercial irradiated claddings before and after a double-sided
oxidation at 1100 C and F/F combination of heating and cooling rates
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Fig. I-2. Appearance of E110 commercial irradiated claddings after a double-sided oxidation at
1100 C and S/S, S/F combinations of heating and cooling rates
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Fig. I-3. Appearance of E110 commercial irradiated claddings after a double-sided oxidation at
1000 C, 1200 C and F/F combination of heating and cooling rates
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Fig. I-4. Microstructure of E110 commercial irradiated cladding after a double-sided oxidation at
1100 C and S/F, S/S combinations of heating and cooling rates
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Fig. I-5. Microstructure of E110 commercial irradiated claddings before and after a double-sided
oxidation at 1100 C and F/F combination of heating and cooling rates
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Fig. I-6. Microstructure of ZrO, and a-Zr(O) layers in E110 commercial irradiated cladding
before and after a double-sided oxidation at 1100 C and F/F combination of heating and cooling
rates
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Fig. I-7. Microstructure of E110 commercial irradiated cladding after a double-sided oxidation at
1000°C, 1200 C and F/F combination of heating and cooling rates
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