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The influence of laser surface alloying(LSA) with niobium on the microstructure
and corrosion resistance of Zircaloy-4 was examined. The corrosion behavior of the
alloy was examined by potentiodynamic polarization tests in & sodium chloride solu-
tion at 80 C and immersion tests in a steam at 400 C, and the results were dis-
cussed with structural and compositional variations of LSA layer that was deter-
mined by X-ray diffraction(XRD), scanning electron microscope(SEM) and wave-
length dispersive X-ray spectrometer(WDX). LSA with niobium increased the
micro-hardness of Zircaloy-4, which was attributed to a solid solution hardening
with Nb and grain-size refinement by rapid quenching. LSA with niobium enhanced
the resistance to localized corrosion of Zircaloy-4 in a chloride solution, while re-
duced the corrosion resistance in high temperature water. The increase in the
resistance to localized corrosion by LSA was found to be associated with a combined
effect of fine rapid quenched microstructure and Nb alloying. However, S-Zr phase
formed by LSA with Nb appeared to decrease the corrosion resistance in high tem-
perature water, which was associated with the increase in structural defects such as
hydrides and cracks formed in oxide of laser surface alloyed samples.
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Fig. 1. Optical micrographs showing cross-sec-
tions of (a) Nb-coated Zircaloy-4, (b) laser sur-
face Nb-alloyed Zircaloy-4 at 2.2 kW with scan
rate of 1 m/min and (c) laser surface Nb-alloyed
Zircaloy-4 at 2.5 kW with scan rate of 1 m/min.
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Fig. 2. Concentration profiles measured near the
surface and in the sample thickness direction of
lagser surface Nb-alloyed Zircaloy-4 (a) at 2.2 kW
with 1 m/mm and (b) at 2.5 kW with 1 m/mm.
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Fig. 3. XRD patterns (4-2 4 scan) of laser-treat-

ed Zircaloy-4.
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Fig. 4. Micro-hardnesses measured on cross-sec-
tions of laser surface alloyed Zircaloy-4 with Nb.
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Fig. 5. Anodic polarization curves of as-received
and laser surface alloyed Zircaloy-4 with Nb in
deaerated 4 M NaCl at 80 C.
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Fig. 8. Anodic polarization curves of laser surface
melted Zircaloy-4 and Zr-2.5Nb in deaerated 4 M
NaCl at 80 T.
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Fig. 7. Corrosion kinetics of as-received and laser
treated Zircaloy-4 in steam at 400 C.
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Fig. 8. Effect of Nb content on hydrogen uptake
and weight gain for laser surface alloyed Zircaloy-4.
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Fig. 9. SEM micrographs showing cross-sections
of as-received and laser surface alloyed Zircaloy-
4 after 30-day test in steam at 400 C. Swab
etched in 20 mL glycelrol, 20 mL 70 % HNO; and
2-3mlL 48 % HF: (a) as-received sample, (b)
Nb-alloyed sample with power of 2.5 kW.
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Fig. 10. SEM micrographs showing the oxide of
laser surface alloyed Zircaloy-4 after 30-day test
in steam at 400 C: (a) Nb-alloyed sample with
power of 2.2 kW and (b) Nb-alloyed sample with
power of 2.5 kW.
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7Y, §Zr AL A=xe] 7}, 4 F5HY F7
agn §4 &z F71 AP AR REd,
Bir Jo 2 A¥ F4 F57FY F571 #39
WA E Zar7le Aoz Algd

438 £

1) #elA &3] wWat Nb =71 1.3-25 wt. %



ol FA7} 170~300 um?l Nb $FHo] doF
o} #olA £¥& FUHAAE $F3HE ¥HUL
%78l7] d & Nbe =7t Z48%Th

2) X-4 A £4Z7 Nb 334 24
a-Zrd 9o SZr o] BAEHAL HoJAH &0
2E&5E, &, #538€ Nb 727t & 5§ Bir
e AN A=t F7HEAH.

3) #olA FE2Y nlAl AEE as-received
Zircaloy-42.t} 2} o] ZF713isich #HelA #F
glo] o vAREY Frle 39 3 23
Nb Hrlz A% n8733 dEoln, oA &9
o] ytow Nbe F=7} F718l7] W&o 2.2kW
A¥e] 25kW AlfHRT o & Az g e

4) Nbe] #2232 80°Ce 4M NaCl F&94
A Zircaloy-49] R E2A AgAMo] AA ¥AH
o], as-received A|He] F4 FHY+= 350 mVgepol
ARt 25kWelA HF3E AHd 34 HAYe
1200 MV 2 271318k dolA §F3e Ad
o] ¥& F4 A @& Ze AL #HolA ™
&80z AT oY I 1 £ % Nb §F
o] B¢ ax g Eolch

5) 400 'C 10.3 MPa¢] Z7|d A, Nbo] #F 3%
Zircaloy-4& as-received ¥FH} §4 &2 F
7188 #olA 8ol 25kW A|lHET} 2.2kW
AEo] o ¥& ¥4 £=& 2o YEHE Nb ¥
=7l 371848 Wagdel Asi. Nbeg &
g% da, §FF 4o HALH FZr ol A
AX el TAE Aoz AlRHIL, 2.5kW
AR} 22kW Ao © & B4 &8 W
A AE 22kW AJHAA © B2 FZr 4o BA
H7] ol

6) As-received AJHET} Nb ¥E3§ Ag9
T4 FFHo Fosln BN B A 7
Yo| @A, fZr Joz Y FA& F5rH F
77 WA & HaATe Aoz AlRdn.

% 7|

2 dFe 71233 RFFATLY 97dx A
g71€712A7 ALd g8 FYHALH, od

A=Y,
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