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This study examines the impact of Zr-based electroplating on the discoloration behavior of Zn-Mg alloy
coatings, which are considered for use in aqueous ion-battery electrodes and electronic components. The
as-coated Zn-Mg alloy on steel showed significant surface darkening after being exposed to boiling water, sim-
ulating a high-temperature and high-humidity environment. To suppress this surface degradation, a Zr—O—Carbon-
ate composite film was created through electroplating. In this process, Zr-Carbonate complexes were transformed
into hydroxides and then dehydrated to produce a protective surface layer. The resulting film, approximately 500
nm thick, effectively reduced discoloration by limiting the formation of oxide species responsible for darkening.
This was evidenced by significantly smaller decreases in lightness (L*) and a more stable surface morphology com-
pared to uncoated samples, even after prolonged exposure. These findings indicate that Zr-based electroplating
offers a straightforward and effective approach to enhance the environmental durability of Zn-Mg alloys, poten-
tially expanding their use in energy and electronic device materials.
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EFFECT OF Zr-BASED ELECTROPLATING ON THE DISCOLORATION RESISTANCE OF Zn-Mg ALLOYS FOR ION BATTERIES

AND ELECTRONIC DEVICES

A7F JE L glom, o= I -aEmE A7
& A JiEke] A dAR R2E L Qo
2 AFelX= Zn 7IRF FE(Zn-Mg) 2AE e
2 A5 9 AT 2AEA L A8-S THEste] &
U:] l:ﬂ}\ﬂ ul tﬂ}\ﬂ o—1;q] _]46]- 71-O- Carbonate _1161 u]—
7INke] WA Vs Aes ekt sl ol
&3l Zn 7INF 3o Ak A A8 G 7hsAdel gk
=74 s AN, Boh e s W 54 &
St &S AT WERS Aldstaal st

21 A HANE 2 FH|

Az 7] BB 7RO Bfo] 23] o7
(Sputter etching)®. %2 XHS AYst &, 15 S 7|
HF 28] 71/d<5-Z(Physical vapor deposition, PVD) 37
< B3l Zn-10 wt% Mg 3has FHSt] AAEES
T 1~2 pmys A&t

2.2 Zr7|HE Mal =2 2 EIX|AH

_merkd 8 v wedd Asisl 5w

S Folstual, A 2

IOOOCJ =220 5 B7F AR sAT) o]F MAA
(SILAB $23-3269-030 Spectrophotometer)s ZH2-3l] 3=
At Fo] WL e EE38ke] vlwsieh

Al s e] i OAlE i3k T O R Z-O-
Carbonate =-3ru]ulo] A& A& 7148 ALson). A
3N © 2= Ammonium Zirconium Carbonate (AZC) 5=
SAN©F 10 gLy M-I o, pH SHYAIE Na,CO,
(= 0.05 M)E 718Uk A1, SCE, Pt 217t %
A, 71EA, didFoR slef Aol AR
WE(-S0 mA/mY)S AFEolA] 1 83b Ql7ksks WAl o
2 A &S ek

23 FE0iE =IA-I

AAYAFE A 244 v 7 (Field-emission scanning
electron microscope, FE-SEM)¥} oU%] #AF] 237
(Energy-dispersive X-ray spectroscopy, EDS)E &-8-5}¢7
2 3 9 AR s FdElnh w1g, 22 0
Z #337](Glow-discharge spectrometer, GDS)E 285}
o] Zlo] "Wlshy AR By = slolsloit),

o _'____]_E
AR A nFE

31 EMHSSIAS
Fig. 1= & A7-2] A AR Zn-10 wt% Mg =&

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.6, 2025
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Fig. 1. Surface view of (a) the as-received sample (Zn-Mg
coated steel) and (b) the sample after immersion in boiling
DI water for 5 min
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Fig. 2. Brief schematic illustrating the plating process of a
Zr-O-Carbonate layer on the sample surface
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Fig. 3. Surface view of (a) as-received sample (Zn-Mg coated steel), (b) the sample after Zr-based electroplating, and (c) the
sample after immersion in boiling DI water following Zr-based electroplating
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Fig. 4. Comparison of lightness (L") values before and after
immersion in boiling DI water for 5 min between samples
with and without a Zr-based deposited film
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Fig. 5. Surface morphology and EDS analysis of the Zr-based deposited Zn-Mg sample
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Fig. 6. GDS depth profile of the Zr-based deposited Zn-Mg
sample
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