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Fatigue Crack Propagation Behavior at Heat Affected Zone of Zirconium Weldment

in Boiling Nitric Acid Solution

Takafumi MOTOOKA and Kiyoshi KIUCHI

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received March 16, 1999)

The fatigue behavior at heat affected zone, HAZ, of TIG zirconium weldment in boiling nitric acid has been
studied to evaluate with respect to the reliability of commercial nuclear fuel reprocessing equipments made of
zirconium. The crack growth rate was measured as a function of the stress intensity factor both in boiling nitric
acid and in air at room temperature. The fracture morphology was examined with a scanning electron microscope

The crack growth rate in boiling nitric acid was ten times faster than that in air at room temperature. The
fracture surface formed in nitric acid showed both the brittle striation and quasi-cleavage type facet. Comparing
with same testing results of base metal, these results of weld metal and the HAZ showed the SCC susceptibility

similar to that of base metal.

Keywords : Fatigue, Crack, Heat Affected Zone, Zirconium, Weldment, Nitric Acid, Fracture, Striation,

Stress Intensity Factor
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Table 1 Chemical composition of zirconium plate used for TIG 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 Material condition : Hot rolled and annealed.

Table 2 Chemical composition of zirconium wire used for TIG 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.
Material condition : Cold worked (drawing) and annealed.



Table 3 Welding conditions of testing specimens.

JAERI—Research 99—031

Welding method

TIG (DC, SP)

Base metal Zr ( B551 - R60702, 6t mm )
Weld wire Zr ( B550 - R60702, ¢ 2 mm)

80°
Groove geometry —

o] v
—| j—

3
Voltage 12~15V
Current 80 ~ 160 A
Welding speed 100 mm / min.

Torch gas Backside gas Trailing gas

Gaseous shielding

Min. 108/ min  Min. 50 £/ min

Min. 50 @/ 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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Fig. 1 Configuration of TDCB specimen.
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Fig. 2 Machined-out locations of TDCB specimens.
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Fig.3 Crack growth rates at heat affected zone of zirconium weldment in air at room temperature,
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Fig.4 Crack growth rates at heat affected zone of zirconium weldment in boiling 3N nitric acid.
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Fig.5 Crack growth rates of L-specimens in air at room temperature and in boiling 3N nitric acid.
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Fig.6 Crack growth rates of T-specimens in air at room temperature and in boiling 3N nitric acid.
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Fig.7 Crack growth rates at various locations in zirconium weldment for L-specimens in boiling 3N nitric acid.
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Fig.8 Crack growth rates at various locations in zirconium weldment for T-specimens in boiling 3N nitric acid.
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Photo.2 Microstructure of weld-metal(DEPO).
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Photo.3 Microstructure of heat affected zone(HAZ).
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In air at room temperature

L-specimen
Direction of crack propagation —
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10mm
In boiling 3N nitric acid
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Photo.4 Over-view of test specimens fractured in air at room temperature and boiling 3N nitric acid.
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L-specimen

T-specimen

Photo.5 Fracture surface at HAZ after fatigue testing in air at room temperature.
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Photo.6 Fracture surface at HAZ after fatigue testing in boiling 3N nitric acid.
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iid H|lw = — | Wb | Vs 1A=0.1nm=10""m — b EFNTVEHAHORALOTE
W & % E|¥ 2 7| T | Wb/m? 1 b=100 fm=10-7* m? CTIREB LT,

o o . . _ ey fh 3 o
T EEEES o ) H Wb/A | bar—0.1 MPa=10°Pa 3. barid, JISTREKOEHEEDLTH
vy ABE ey RED C | Gal=1cm/s?=10-m/s? AN E2OHF T —KHHEINTH
¥ wlw - £ v Im cd- st al=lem/s =10"m/s 3

? 1Ci=3.7x10"°B °
" Eav 7 R kx| Im/m 3 4 ECHUBEHEAIAHTHE bar, barnbk
m " |~ 2 v ol B - 1R=2.58x10"*C/kg ) ] s
g S _, U TUEOBA | mmHg #&20A7 7Y
W X ® R|7 v 4| Gy Jke 1rad=1cGy=10"Gy CRARTWD
g o] % B|v-~<wnmr]| S J/kg 1 rem=1cSv=10"*Sv °
# =1 3
71| N(=10°dyn) kgf 1bf £ | MPa{=10 bar) kgf/cm’ atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 #1|  0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
4 1 Pas(Ns/m¥)=10P(£7 %) (g/(cm-s)) 1.33322 x 10°* | 1.35951 x 10™* | 1.31579 x 10° 1 1.93368 x 1072
FISE 1 m?¥/s=10'St(X b — 7 2) (cm?®/s) 6.89476 x 107° | 7.03070 x 1072 | 6.80460 x 107* 51.7149 1
x| J(=10"erg) kgf*m kW+h cal (FH&H) Btu ft « Ibf eV 1cal = 4.18605 J (Gt&#:)
3
W 1 0.101972 | 277778 x 1077 0.238880 | 9.47813x107* 0.737562 | 6.24150x 10" =4.184J  (#dLE)
¥
1 9.80665 1 272407 x 10°¢ 2.34270 9.29487 x 107 7.23301 6.12082x 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 107 =4.1868 J (EB#EZAR)
; 4.18605 0.426858 | 1.16279x 107° 1 3.96759 x 107° 3.08747 261272x 10"  fHEx | pS (LEH)
R® 1055.06 107.586 293072 x 107 252.042 1 778.172 6.58515 x 107! = 75 kgf-m/s
1.35582 0.138255 | 3.76616 x 1077 0.323800 | 1.28506 x 1073 1 846233 x 10! = 735.499 W
160218 x 10-' | 1.63377 x 10-%°| 4.45050 x 1072¢| 3.82743 x 10" | 1.51857 x 1077*| 1.18171 x 107" 1
i Bq Ci :%13 Gy rad ;:Ej C/kg R g Sv rem
st 1| 270270 % 107" @ 1 100 @ 1 3876 A 100
i1 B & 4
37 x 10° 1 0.01 1 2.58 x 1074 0.01 1

(86 % 12 A 26 HRE)
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