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Abstract: To promote the engineering application of domestic Zr-3 plates in acetic acid-based plate heat exchangers, a
systematic study was conducted to investigate the correlation between the microstructural evolution law, mechanical
properties, and acetic acid corrosion behavior of tungsten inert gas (TIG) welded joints. Microstructure characterization of
the welded joints was performed using optical microscopy (OM) and electron backscatter diffraction (EBSD) techniques,
and the results reveal that the base metal (BM) is composed primarily of uniformly fine equiaxed a-Zr grains with an
average grain size of 3.5 wm. In contrast, the weld zone (WZ) has a lath-like Widmanstiitten structure of a-Zr, with a grain
size of 5.1 wm. Moreover, the kernel average misorientation (KAM) value of the weld joint is 0.37°, which is lower than
that of the base metal (0.51°). Room-temperature tensile and microhardness tests demonstrate that the tensile strength of

Zr-3 zirconium alloy TIG-welded joints decreases by 2.2% relative to that of the base metal, whereas the elongation
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significantly decreases by approximately 53.8%. Moreover, the microhardness of the welded joints is slightly greater than

that of the base metal. The corrosion behavior of the welded joints in acetic acid solutions was studied via potentiodynamic

polarization curves and electrochemical impedance spectroscopy. The results demonstrate that across different acetic acid

concentrations, the corrosion current density of the WZ is slightly higher than that of the BM, indicating a marginally

greater corrosion tendency of the WZ; nevertheless, all the samples meet the industrial corrosion requirements for plate heat

exchangers under acetic acid service conditions. This study confirms that TIG-welded Zr-3 plate joints exhibit excellent

comprehensive mechanical properties and acetic acid corrosion resistance.

Key words: Zr-3 plate; tungsten inert gas welding; microstructure evolution; mechanical properties; acetic acid corrosion;

Widmanstitten structure; electrochemical behavior
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Tab.1 Welding parameters of Zr-3 TIG welding

Weld Wire

Welding Arc voltage Welding speed Heat input

pass diameter/mm current/A A% /(em-min™)  /(kJ-cm™)
1~2 $2.4 150 15 18 12.8
3~13 $3.2 190 17 20 13.8

1.2 BMALRRLE
MR 3k L 10 mmx 10 mmx3 mm (1938
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Fig.1 Macrograph of TIG-welded Zr-3 alloy welded joint
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2 Zr-3 BEAF 1548 48 19 B RAE 1 < (a, b) BEMS 5(c, d) 4R 4%
Fig.2 Microstructure of the Zr-3 base metal and welded joints: (a, b) base metal; (c, d) weld zone
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[ 3 #F4 5454810 IPF KAM K PF [ :(a, c, e) R4 (b, d, f) #4%
Fig.3 IPF, KAM and PF maps of the base metal and weld zone: (a, c, ¢) base metal; (b, d, f) weld zone
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Fig.4 Size distribution of grains in the base material and the weld zone: (a) base metal; (b) weld zone
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Tab.2 Comparison of room—temperature tensile properties

between Zr-3 zirconium alloy base metals and
TIG-welded joints

Sample Tensile strength/MPa Elongation/%
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Fig.5 Tensile stress-strain curves of the Zr-3 base metals and weld joints by TIG: (a) base metal; (b) weld zone
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6 IR 2SR SEM 1R : (a, b) T:41 5 (c, d) K74
Fig.6. SEM images of the fracture morphology of the samples: (a, b) base metal; (c, d) weld zone
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Fig.7 Hardness distribution map of the TIG-welded Zr-3
joint zone
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Fig.8 Electrochemical impedance spectra of the weld joint and base metal of the Zr-3 welded joints in solutions of different
concentrations of acetic acid: (a, b) Bode plot and Nyquist plot of the weld zone at concentrations of 10 wt.% and 30 wt.%,
respectively; (c, d) Bode plot and Nyquist plot of the base metal at concentrations of 10 wt.% and 30 wt.%, respectively

R3 ESHAEALFHEAENBEER

Tab.3 Fitting electrochemical impeachment spectroscopy results from Fig.8

Acetic acid CPE/(1x10°

CPE/(2x10°

Sample concentration/wt.% R/€Y- cm’) Q-Sn-cm?) " Ri(fy-om) Q-Sn-cm?) " RS- em)
BM 10 215.4+3.2 2.413£0.082  0.998+0.003  0.162+0.005  7.866+0.105  0.922+0.004  0.826+0.023
wZ 10 325.1+4.5 1.876£0.065  0.893x0.006  0.170+0.006  8.052+0.112  0.943+0.004  0.674+0.019
BM 30 242.0+£3.6 8.044+0.128  0.923+£0.005  1882.8+12.5  2.685+0.074  0.897+0.004  1.287+0.036
WZ 30 389.4+5.2 9.312+0.145  0.924+0.005 1095.6+9.8 4.022+0.096  0.976+0.003  1.243+0.034

9 Zr-3 FFHE P S IR A8 5 RE RS TR [R) R BT RV W 1 2l i 2B Ak 2K < (a) 10%; (b) 30%
Fig.9 Potentiodynamic polarization curves of the weld joint and base metal of the Zr-3 welded joint in different concentrations of
acetic acid solution: (a) 10 wt.%; (b) 30 wt.%
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FLRRAEY -0287 V I FREE TG, SRUIHE YA T
ST T DN YT R R BE A N 3 30% 0, T (1Y Econ
VIR E A B Eee N -0.291 V1T K248 19
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Tab. 4 Fitting results of the potentiodynamic polarization
curves of the Zr-3 base metal and weld joint with
different concentrations of acetic acid

Acetic acid
Sample ) E../V Lo/ (10° A-cm?)
concentration/wt.%
BM 10 -0.233+0.005 7.255+0.195
BM 30 -0.291+0.008 7.734+0.220
N4 10 -0.287+0.006 7.573+£0.210
wz 30 -0.365+0.009 8.056+0.185
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B FAAR X 48 T35 1) IR 78 2SR 1
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3 it
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