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Effect of Hydride in DHC Crack Directions at Zr-2.5Nb Pressure Tube
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Abstract

The aim of this study was to obtain a better understanding of delayed hydride cracking (DHC) of Zr-2.5Nb pressure
tube with crack growth direction. Curved compact tension (CCT) and cantilever beam (CB) specimens were used to
determine the DHC velocity in the longitudinal and radial directions, respectively. DHC tests were conducted at 250
°C after charging the specimens with hydrogen to 60 ppm H. The DHC velocity of the Zr-2.5Nb tube depended on the
crack growth direction due to the anisotropic characteristic of pressure tube. DHCV in the axial direction was 4 times
faster than that in the radial direction and the incubation time for the DHC crack growth in the axial direction was 5
times faster than that in the radial direction. This anisotropic DHC behavior of the Zr-2.5Nb tube with crack growth
direction was discussed using the nucleation and growth pattern of hydrides on the cracking plane.
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Fig. 1 Typical Microstructure of Zr-2.5Nb Pressure Tube
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Fig. 2 Typical Microstructure of Circumferential Hydride and Reoriented Hydride on Zr-2.5Nb Pressure Tube by SEM

images

% 3 CANDU Ste oA #dxdx whako] whAwaky) Hopkako=w st s  Azhe
CB(Cantilever Beam) 2 CCT(Curved Compact Tension) A| & H S HoljFth 219, 322 CB A|ZHCE ¥
2 4nl 2

35mm, Zo] 38mm °]iL, ¥ 3bE CCT AlgHo Amm, Zo] 17mm)o]t}.

(2)CCT Specimen (b)CB Specimen
Fig. 3 Schematic Illustration of Cantilever Beam (CB) and Curved Compact Tension (CCT)
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Fig. 4 Morphology Comparison of 60 ppm Hydride after Furnace Cooling
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Fig. 5 DHC Condition
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Table. 1 Summary of DHCV Results

DHC CRACK | INCUBATION| CRACKING DHC VEL.
SPECIMEN I.D. LENGTH(mm)|[ TIME(min) | TIME(min) (m/s)
CCT-1 3.98 15 751 8.80E-08
CCT-2 2.66 8 417 1.06E-07
Fatigue- CCT-3 2.4 18 405 9.80E-08
CCT Crack CCT-4 1.65 5 258 1.06E-07
CCT-5 1.66 5 287 9.80E-08
CCT-6 1.63 21 251 1.08E-07
CCT-7 1.56 5 255 1.02E-07
Fatigue— CB-1 1.45 96 950 2.54E-08
Crack CB-2 1.72 103 1237 2.32E-08
CB CB-3 1.49 100 9837 2.53E-08
R=0.1 CB-4 0.71 199 500 2.37E-08
CB-5 2.87 254 1968 2.43E-08

[H] CONC. (wt. ppm) : 60 ppm
PEAK TEMP.(C) : 315 C // TEST TEMP.(C) : 250 C

3.1 DHCV 2} Incubation time H| 0
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(a) CT Specimen [60ppm H / 250°C Test] (b) CB Specimen [60ppm H / 250°C Test]

Fig. 6 Fractured Surface of CCT and CB specimen
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Fig. 7 Comparison of DHCV between CB and CCT
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Fig. 8 Comparison of Incubation Time between CB and CCT
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Fig. 10 hydride Habit plane in Zr-2.5Nb
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Fig. 11 TEM images of Hydride
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