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Fuel Cladding Tubes
Masayuki Fujiwara, Makoto Harada, Takanari Okuda
Shigeharu Nakamura, Mitsuru Mizoguchi

Abstract

The oxide-dispersion strengthened (ODS) ferritic steels with excellent
high-temperature strength and superior resistance to irradiation damage are
expected for long-life fuel cladding tube material of fast breeder reactors.

Works in this R & D is the trial fabrication of cladding tubes with recrystdlllzed
microstructure and good mechanical properties which satisfies following values.

(1) Creep rupture strength at 923K, 10000h > 200MPa.

(2) Uniform elongation in hoop direction at 673K is over 1%.

(3) Enough workability and recrystallization properties to produce cladding

tubes.

Main results obtained in this study are summarized as follows.

(1) About ODS ferritic steel ;

- Possibility to fabricate FBR cladding tubes by sequential cold rolling and
annealing has been confirmed.

» Cracks along longitudinal direction tend to break out according to rolling
process. Finally claddings with no defects could be fabricated by controlling
cold rolling process.

» Microstructure of cladding tube was not fully recrystallized.

(2) About ODS martensitic steel ;

- After normalizing heat treatment, slow cooling is effective to soften ODS
martensitic steels.

» 9% Cr with low C steel formed single phase of ferritic structure. It showed
remarkable softening like 12% Cr ferritic steel by annealing over 1473K.

Work performed by KOBE STEEL,LTD. under contract with Power Reactor and
nuclear Fuel Development Corporation.

PNC Liaison : MMS, Fuel and Materials Division, Toshio Nishida

* Tubes and pipes research section, KOBE STEEL,LTD.

* Technical section, Chofu-kita plant, KOBE STEEL, LTD.
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C Si Mn P S Cr N i W Y Ya03| Ti 0 Ex. O N Ar
F61l 0.027 | 0.070| 0.50 0.0051 0.006( 18.27| --- 2.88 0.17 0.216 | 0.42 0. 12 0.074 | 0. 0098 | 0. 0043
(C05) [ 0. 0.3 | oD | 0D | (13.0) (2.8) (0.23) | €0.40) (0.0 | (0.01) | ¢<.01)
F62 0.018 | 0.070{ 0.43 0.006( 0.005| 18.60) --- 2. 30 0.17 0.216| 0.42 0.14 0.094 | 0.0103 | 0. 0047
(€05 | (0.1 | €0.5) | (01X | .0 (18.0) (2.8 (0. 20 [ €0.40) (0.09) ] €0.01) | (<. 01)
F63 0.016 | 0.070( 0.48 0.006 | 0.005( 13.64| --- 2. 80 .24 0.305 | 0.42 0.15 0. 085 | 0.0098 ¢ 0. 0040
(G0 T KOD | .5 oD 0| 3. » (2.8 (0. 35) | €0.40 (0.01) | <. 0D
M6 1 0.098 | 0.057| 0.19 0.006 | 0.004| 10.361 0.049( 2.93 0.25 0.318 0.33 0.18 0.113 | 0.0136 | 0. 0046
(0.15) [ 0. D | 0.5 ¢ 0D | o] 9.0 (2. 8) (0. 30) | C0.30) €0.05) 1 €0. 0D | (<. oD
M6 2 0.11 0.055 | 0.12 0.008 | 0.004 3.06] 0.034| 2.68 0.22 0.279 | 0.29 0.14 0.081 | 0.010 | 0.0044
(0.15) [ (0. D | €0.5) | .0 | ¢ 0y | (9.0 (2.8) (0.28) | €0.30) (0.01) | (<.OD
M6 3 0.19 0.095 | 0.11 0.007| 0.004| 10.30] 0.031| 2.61 0.24 0.305( 0.28 0.14 0.075 0.014 | 0. 0045
(0.19) | 0. D] 0.D) ] 0D | oD | AL ® (2.8) (0.33) | €0.30) (0.01) | C<.OD)
MB 5 0.009| 0.062| ©.36 0.008 71 0.004 9.80] 0.085| 2.70 0.18 0.229 0.38 0.12 0.07110.010 | 0.0052
(.05 | 0. 0.5 | oD oD (9.0 ] @8 (0.33) | €0.30) (0.0 | .0
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(1"';) M51: 0.20C-10.6Cr-2.8 W-0.42Ti-0.36Y203-0.16 Ex.O Mk ~380 X O
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M63: 0.19C-10.3Cr-2.6W-0.28Ti-0.31Y203-0.08 Ex.O M ~400 X

H7




