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Abstract: Zirconium alloys used in nuclear reactors undergo severe zirconium-water reaction during loss-of-coolant
accidents. Conventional micro-arc oxidation (MAQO) coatings, limited by their high porosity, offer insufficient protection.
In this study, nitrogen was innovatively introduced into the MAO process to suppress arc concentration, thereby achiev-
ing simultaneous structural optimization and nitrogen doping of the coating. Experimental results demonstratethe suc-
cessful fabricationof a dense zirconium oxide coating through this approach. The porosity is significantly reduced to
4.96% (representing a 62% reduction), surface roughness is decreased, and a tight, crack-free bond with the substrate is
achieved. Simultaneously, nitrogen is incorporated into the crystal lattice, forming a characteristic Zr—O—N bonding
structure. Benefiting from this synergistic optimization of the microstructure and chemical composition, the dense coat-
ing exhibits a corrosion current density as low as 1.61 x 10® A-cm™ in a 0.1 mol/L LiOH solution, which is one order of
magnitude lower than that of a conventional MAO coating. This work confirms that a nitrogen atmosphere can simulta-
neously facilitate structural regulation and chemical modification, providing a new pathway for developing high-perfor-
mance accident-tolerant zirconium alloy cladding coatings.
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Fig. 1 Micro-morphologies and their ImageJ binarization pro-
cessed images of MAO and MAO-N: coatings
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Fig. 2 Cross-sectional morphologies and corresponding ele-
ment distributions of MAO and MAO-N: coatings
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Fig. 3 OES full spectra(a) and XRD patterns(b) of coatings
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Fig. 4 XPS spectra of MAO and MAO-N: coatings

(a) XPS full spectra; N1s XPS spectra of MAO coating(b) and MAO-N:
coating(c) before and after etching; (d) Ols, (e) N1s and (f) Zr3d XPS spec-
tra of MAO and MAO-N: coating

1 FryI8) EDS R A4 R BN, Zr. O,
N RT3 8000 BN 35.32%- 45.35%K1 3.70%,
—HUESZIRZEARB R AR B 5(b, )5
Akt B X ) 4> 3 TEM 580 SAED % .
1573 P G R AT LR AT 1 AR 2 B0, A5 o T [
PE 5 m-ZrOAHT . 454 SAED BRI ffiliRE &

i m-ZrO; 4. 4R E XRD YAH (B
3R, RIUREIANT —EEME LR,
WEVIRF RIFI4S RES, AR IR R A
B, FURF UL R XA e T A s s .

gx b, BAFEBEXRONEA R 2 e IR T
Y 5B R EEE  HAERPLER DT
WIS R A B ST PR AR R T B S B A, TR
= A R eSSl T ST SEh A AR R, — 7
THT 5 123k R AP Bl i 21 W AR, BB I P AR R
P GE T, Nt EAEK, (RdRE
SPMEUCEN. 07T, BEAEREETEE TS
ISR ES . AR RN, FRAE IR 2 PRt ] v ko
i rp A 7 U N S B s, TR Ze-O-N 4

G120




E &= 7, &

il

K 5 MAO-N2% /2 1) TEM £ S'E

Zr
20|
Fig. 5 TEM results of MAO-N: coating

(a) TEM image and EDS mapping; (b) HRTEM image; (c) SAED patterns
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Fig. 6 Results of polarization curve and EIS tests

(a) Potentiodynamic polarization curves; (b) Bode plots of |Z] vs. frequency
and the equivalent circuit model; (c) Nyquist plots; (d) Bode plots of phase
angle vs. frequency
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Table 2 Polarization analysis

Coating  Econ/V Lon/(Arcm™)  bo/V b/V  Ry/(Q-cm?)
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Table 3 Fitting Results of EIS Data

Coating Ry/(Q-cm?) Rp/(Q-cm?) Op/(F-em™2) np Ret/(Q-cm?) Qa/(F-cm™) nal

MAO 82 0.42E+05 1.83E-06 0.55 3.92E+04 2.91E+03 0.50
MAO-N: 82 1.54E+05 9.20E-07 0.58 5.05E+04 3.75E-05 0.75
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