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Corrosion Fatigue Behavior of Zirconium Weldments in Boiling Nitric Acid
Takafumi MOTODKA and Kiyoshi KIUCHI

Depariment of Material Science and Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, lbaraki-ken

(Received March 1, 1996)

The ‘corrosion fatigue behavior of zirconium in boiling nitric acid has been studied to
evaluate the reliability of zirconium used for nuclear fuel reprocessing plants. The
crack growth rate of zirconium weldments made by TIG was measured as a function of the
stress intensity factor both in boiling nitric acid and in air at temperature. The
fracture morphology was examined with a scanning electron microscope.

The crystal orientation of a base metal did not influence the crack growth rate in
DEPO of weldments. The crack growth rate in boiling nitric acid was ten times faster
than that in air. The fracture formed in air showed ductile striation along needle-like
grains, and the fracture formed in nitric acid showed a brittle striation and quasi-
cleavage type facets. Comparing with the results for a base metal, it was found that
the crack exposed in boiling nitric acid propagates more éasily in weld metal than in.

base metal.

Keywords: Corrosion, Fatigue, Nitric Acid, Zirconium, Weld Metal, Base Metal, Stress

Intensity Factor
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Table 1 The chemical composition of zirconium plates used for welding (mass%).

Zr + Hf . Hf Fe + Cr C H N 0

= 99.2 0.3 0.1 0.01 < 0.0005 0.008 0.15

Description  : Zircadyne 702 Plate
Specification : ASTM B551-85 (Gr. R60702)
Material condition : Hot rolled and annealed.

Table 2 The chemical composition of zirconiym'wires used for welding (mass %).

Zr + Hf Hf Fe + Cr C H N O

= 99.2 1.1 0.16 0.01 <0.0005  0.007 0.14

Description  : Zr R60702 (ERZr2) wire with 0.079 inches in diameter.
Specification : ASTM B550-85 (Gr.R60702)
Material condition : Cold worked (drawing) and annealed.
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Table 3 Welding conditions of testing specimens

Welding method TIG (DC, SP)
Base metal Zr ( B551 - R60702_, 6t mm )
Weld wire Zr ( B550-R60702, ¢ 2 mm)

Groove geometry

N

—] I

Voltage - 12~15V

Current 80 ~—160 A

Welding speed 100 mm / min. :
Torch gas Backside gas Trailing gas

Gaseous shielding

‘Min. 102 /min Min. 50 ¢/min Min. 50 2/ min

Number of layer and pass

3 — layer, 4 —pass

Temperature between pass

<150C

Inspections

Appearance survey
Liquid penetrant testing
Radiographic test
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L direction

T direction

one,

Holling
d/'rec_'f/'on

Fig.1 Location of Tapered-Double-Cantilever-Beam (TDCB) specimens.
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Photo. 1 Microstructure of base metal of zirconium weldments,

Photo. 2 Microstructure of weld metal (DEPQ) of zircenium weldments,
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Photo. 3 Fracture surface morphology of weld metal (DEPO) of zirconium weldments
after fatigue testing in air at room temperature.
Arrow 1: Direction of striation, Arrow 2:Direction of crack propagation

Photo. 4 Fracture surface morphology of weld metal (DEPO) of zirconium weldments
after fatigue testing in boiling 3N nitric acid.
Arrow 1: Direction of striation, Arrow 2:Direction of crack propagation




