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ABSTRACT Since the 2011 Fukushima nuclear accident, much attention has been given to accident-
tolerant fuel cladding coating. In this study, micro-arc oxidation (MAQO) and high-power pulsed magnetron
sputtering were employed to deposit MAO/Cr composite coatings on the surface of Zirlo alloy. The effects
of micro-arc oxidation time on the microstructure, mechanical properties, and high-temperature steam oxi-
dation resistance of MAO/Cr composite coatings were investigated. Results showed that when the micro-
arc oxidation time was enhanced from 3 min to 9 min, the (200)-plan texture coefficient increased from
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83% to 100%. Moreover, with the increase in micro-arc oxidation time, the composite coating fracture

toughness first increased, and then decreased after reaching a peak of 4.64 MPa-m

"2 in 6 min. After

steam oxidation at 900°C for 1 h, the composite coating systems showed delamination. Among them,

MAQO3min/Cr and MAO6mIn/Cr coatings gained less weight, whereas MAO9min/Cr coating gained more

weight and formed a large number of microcracks on its surface cross-section. It can be observed that

the obtained composite coating with a 6-min micro-arc oxidation has both excellent mechanical properties

and outstanding resistance to high-temperature steam oxidation.

KEYWORDS micro-arc oxidation, high-power pulsed magnetron sputtering, microstructure, mechani-
cal property, high-temperature steam oxidation resistance
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Fig.1 Schematics of micro-arc oxidation (MAO) (a) and
high-power pulsed magnetron sputtering (HiP-
IMS) (b) deposition systems (MFC—mass flow
controller)

THERE S I A3 = . W = iR K 28 SRR S5 1
MAO/Cr 5 & ¥ R FE i A I 3%, 4TS ok
DA - 365 T T2 550 W 55 R R 53 o0 W o 358 TR B B0
5% 1) HF 3501 vt s i 7K 28 S8 S R TR o
PLAS I H 0 22
1.3 REMMRERIE

KH D8 Advance X S ZATHHU(XRD) 5T MAO/
CrEBIREF MM, F VG 20 = 300~
90°, | H] Verios G4 7 #4375 3 4% Wi 8% (SEM) %
MAO/Cr & £ 11 )2 B i 11 32/480H HEAT WL 8%, IF F Ad
B RIS (EDS) 73 BT FF i B9 %53 - A A HV-1000
1 Vickers & fUAE 5 1143 51 U & 4 Cr % )2 A1 MAO/
Cr & & IR ZFE SR8, Jtn 47 500 g, i ]
10 so JEIEA(DP SRS BRI, -

E 12 P
K, = 0.016(H) (c/) (1)

A, EFTH 73 A A f R 58 MRS A Viekers 12
P RN AT » ¢ RRAY KL/ —F.

2 LWERGTTIL

2.1 HEMHEEH SR

Kl 2a WA FIRVEAEAGET ] R MAO/Cr B &% 2
() XRD . 1260 = 30°~90°4 4 FBl N A 3 AMEFE
U (44° . 64° Fi1 82°), 43 53l %F i bee 5 #4 Cr 1 (110)-
(R00)FI(211) &R TH - MK 2218 AT A B, I AR /]
ST S VAT 26 B B5 /N , TR 35 A i T AT S5 0e 5t
FERIREmER . N T EAHOIVEAET [0 2 AR 2
F R FZM , 18 i Gautier 1222056} 234 1) 25 4k, iEa
A — b B, 20 RE(TO)THE AR -

re = Luw Lo 2)
E [ [u,;,-]) /Io(hkl)]

N, 1, N E A TR ZRE S TE (k) & TH] AT 5 8
Lo IARHETC BRI R B 5 7 (Rl & THI V01T S 580 5
B 2b 51 T A R AGE B) R 82 A 2 3R T 1)
U FAE. TR, 3R E 3R I B 1 (200)
AN o BEAE R ) 38 i, 52 30 4 (200) & THI
SR 22 B8 KT (110) 5 TH 2306 R BN a3
O A AL B 18] 9 9 min I, B AR 2 RH E L& 2

R1CriZUIRZH

Table 1 Deposition parameters of Cr coatings

Method  Time Ar flow Pressure Bias voltage Power supply
min  mL-min” Pa \% Power  Current  Voltage Pulse width Duty
kW A A% us ratio
Etching 15 40 - =300 - - - - -
HiPIMS 420 50 0.27 -80 3.0 4.0 760 100 5%
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Fig.2 XRD spectra (a) and texture coefficients (b) of three composite coatings (T, T, and T, represent (110), (200),

and (211) texture, respectively)
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Fig.3 Surface (al, a2,bl, b2, cl, c2) and cross-sectional (a3, b3, ¢3) SEM images of the three composite coatings
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Table 2 Fracture toughness (K,.) of the three composite

coatings
(MPa-m'?)
Coating P1 P2 P3 Average
MAO3min/Cr 1.64 1.67 1.73 1.68
MAO6min/Cr 475 459 459 4.64
MAO9min/Cr  2.13  2.03  2.07 2.08
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Fig.5 Mass gain (a), XRD spectra (b), and texture
coefficients (c) of the three composite coatings
after high-temperature steam oxidation
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Fig.6 Surface SEM images of the three composite coat-
ings oxidized at 900°C for 1 h (Insets are partial
enlarged views)
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(¢) MAO9min/Cr
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Table 3 EDS results of chemical compositions of the points
in Fig.6

(atomic fraction / %)

Point Cr o
1 36.94 63.06
2 42.09 5791
3 35.66 64.34
4 39.37 60.63
5 36.11 63.89
6 40.98 59.02
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Fig.7 Cross-sectional SEM images and EDS line analyses of the three composite coatings oxidized at 900°C for 1 h
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Fig.8 Cross-sectional morphologies of the three corrosive composite coatings etched by HF sloution
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Fig.9 Schematic of oxidation process of the MAO9min/Cr composite coating on Zirlo substrate at 900°C in steam environ-
ment
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