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Improvement of Corrosion Resistance, Toughness and Weldability of SUS329J4L
for Large Thick Plate Applied for Canister of Spent Fuel Storage

Hitomi 1ToH, Takashi SHIGE, Sumio MOURI, Kenichi MATSUNAGA, Kazuo MURAKAMI,
Haruhiko KAIMURA, Shinji TSUGE and Takaaki MATSUDA

Synopsis : SUS329J4L equivalent to ASTM A240 S31260 is selected for the candidate material of canister for the dry interim storage of spent fuels, for
that shows excellent hot workability to manufacture into wide and thick plate and good corrosion resistance for canister usage at the present

time. In order to improve the corrosion resistance, toughness and electron beam weldability which is applicable in future, candidate steel is

investigated to obtain the suitable chemical compositions within the specification requirements, and the following results are obtained.

(1) Some experimental alloys were melted in the laboratory to obtain the best balance of N and Ni contents for suitable toughness and

corrosion resistance, as the contents of Cr and Mo contributed for corrosion resistance are maintained at upper limit of the specification re-

quirements. The best balance is obtained more than 0.2 mass% in N and more than 6.5 mass% in Ni within the specification requirements.

(2) The practical hot rolled plate melted with suitably selected compositions at 3 m in wide and 20 mm in thickness was manufactured

with no defects in spite of higher nitrogen contents. The improved plate has satisfactory strength, high toughness and excellent corrosion re-

sistance equivalent to austenitic super stainless steels.

Key words: SUS329J4L; thick plate; duplex stainless steel; corrosion; stress corrosion cracking; electron beam welding; dry storage; canister; pitting po-

tential.
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Fig. 1. Representative bird’s eye view of canister (Con-

crete cask).
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Fig. 2. Preliminary calculation of trial alloys which contain higher N than conventional duplex stainless steels.
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Table 1. Chemical compositions of trial alloys.
(mass %)
Lot No. C Si Mn p S Ni Cr Mo w Cu N PI
1 0.020 | 048 | 0.52 | 0.021 | 0.0009 | 6.75 25.51 3.28 0.43 0.49 0.200 | 395
2 0.021 | 047 | 051 | 0.021 | 0.0009 | 6.69 25.16 3.25 0.42 0.49 0.243 | 398
3 0.020 | 047 | 0.51 | 0.021 | 0.0008 | 6.65 25.08 3.24 0.42 0.50 0.278 | 40.2
4 0.020 | 049 | 0.50 | 0.013 | 0.0010 | 7.13 25.73 3.24 0.39 0.49 0.201 | 39.6
5 0.020 | 050 | 050 | 0.016 | 0.0010 | 6.38 25.60 3.27 0.40 0.49 0192 | 395
6 0.020 | 051 | 050 [ 0.012 | 0.0010 | 5.44 24.90 3.20 0.40 0.50 0.204 | 38.7
7 0.020 | 050 | 050 [ 0.013 | 0.0010 [ 7.09 24.98 3.23 0.40 0.49 0.287 | 40.2
8 0.019 | 050 | 051 [ 0.013 | 0.0010 | 6.00 25.60 3.26 0.39 0.49 0.277 | 40.8
9 0.027 | 050 | 0.50 [ 0.016 | 0.0016 | 6.70 25.51 3.23 0.40 0.48 0.211 | 395
Conventional | 0.014 | 0.44 | 0.90 | 0.026 | 0.0010 [ 7.23 25.19 3.16 0.28 0.48 0.140 | 379
Spec. 831260 | <0.03 | <0.75 | <1.00 [ <0.030 | <0.030 | 5.50-7.50 | 24.0-26.0 | 2.50-3.50 | 0.10-0.50 | 0.20-0.80 | 0.10-0.30 | -

PI=Cr+3.3Mo+16N
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Fig. 3. Representative microstructure of trial alloys.
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Table 2. Electron beam welding process.

Accelerating - Welding

Beam Current Voltage Welding Speed | Focal Length Position
200 mA 90 kV 500 mm/min 470 mm Horizontal

Position

Fig. 4. Representative macrostructure after EBW (Lot. No.

7).
Table 3. RT results of trial alloys.
Lot No. RT result Cross sectioned metallographic
examination result
1 No defect 0.1mm diameter blowhole
2 No defect No defect
3 No defect No defect
4 No defect -
5 No defect -
6 No defect —
7 No defect No defect
8 No defect —
9 No defect No defect
Conventional | No defect —
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Table 4. Mechanical properties of trial alloys.

Lot No. Base alloy Weld metal Weld joint
0.2% proof Tensile Elongation | 0.2% proof Tensile Elongation | 0.2% proof Tensile Elongation
MPa MPa % MPa MPa % MPa MPa %
1 571 810 30 711 833 31 674 816 31
2 615 850 30 703 856 33 640 827 33
3 584 860 30 725 876 30 652 832 35
4 589 798 35 734 832 33 652 825 38
5 593 788 31 753 832 31 691 820 35
6 600 781 32 738 814 27 664 805 25
7 581 823 37 741 863 35 631 841 35
8 599 816 36 741 852 35 673 834 31
9 586 790 34 744 854 30 664 808 37
Conventional 577 780 33 747 909 39 674 814 31
Spec. S31260 >485 >690 >20 - - - - - -
VIM + Hot Rolled
Annealing: 1353K
Size of materials: 20 mm thickness plates
Numbers indicate absorbed energies Numbers indicate absorbrd energies
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Fig. 5. Charpy impact test result of trial base metals. Fig. 6. Charpy impact test result of trial Electron Beam
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Fig. 7. Pitting potential of trial alloys.
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Fig. 9. Pitting potential of industrial scale plate compared
with high corrosion resistance alloys.

Table 6. Mechanical properties of industrial scale plate.

0.2% proof strength 617MPa
Tensile strength 837MPa
Elongation 36%
Reduction of Area 73%
Charpy absorbed energy at 273K 241J
Charpy absorbed energy at 233K 150J

Table 5. Chemical compositions of industrial scale plate.

(mass %)

C Si Mn P S Ni
0.01 0.41 0.45 0.024 0.001 6.88
Cr Mo W Cu N PI
25.67 3.33 0.40 0.49 0.233 40.3

PI=Cr + 3.3Mo + 16N

Plate size: thickness 20mm
width 3100mm
length 5800mm

Annealing : 1353 K x 1800 s / Water cool
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Fig. 10. Multi-creviced corrosion test result in synthetic sea water after Imonth at 353K.
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