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Table 1 Preparation parameters of niobium oxide
coating deposited by reactive sputtering

SOREfLE éﬁ”ﬁ?ﬁ%/ Wt ol / ‘iﬁfﬂﬂj [ /

(mL-min ") w min

F1/P1 0.5 60 240
F2 1.0 60 240
F3 1.5 60 240
F4 2.0 60 240
F5 3.0 60 240
P2 0.5 70 240
P3/S2 0.5 80 240
P4 0.5 90 240
PS5 0.5 100 240
S1 0.5 80 180
S3 0.5 80 300
S4 0.5 80 360
S5 0.5 80 420
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T AR, Bl H 7 AR Ak il 2R RN Ak 2 BH BT 5
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PR i o M5 k. #E 37 CHEIRMIE T, KA
SHWR ARG, Hrh TR S LR AR R B A
Oy AR AN Ag/AgClL A Pt Hs HA IR A
pH=7.4 1) PBS WM ERIA WL , 3} Na,HPO, (1.420
g/L) . K,HPO, (0.240 g/L) . NaCl (8.010 g/L) .
KC1(0.201 g/L ) o BN 3 70, S5 5RBCE1E.
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Fig.1 Thickness of niobium oxide coatings prepared at
different oxygen flows
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Fig. 2 Thickness of niobium oxide coatings prepared at

different sputtering power
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Fig.3 Thickness of niobium oxide coatings prepared at
different deposition time
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Fig. 4 Surface SEM photos of niobium oxide coatings prepared at different sputtering parameters
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Fig.5 Potentiodynamic polarization curves of substrate

and niobium oxide coating specimens prepared at
different oxygen flow rates
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Table 2 Corrosion parameters of substrate and niobium
oxide coating specimens prepared at different

oxygen flow rate

LS EeodV Lo/ (A-cm™) P/%
AZ31 -1.405 5.97x 107
Fl -1.320 3.88x 107 93.5
F2 -1.316 4.39x 107 92.6
F3 -1.350 1.77x 107 704
F4 -1372 1.84x 107 69.2
F5 -1.304 2.26x 107 62.2
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FVBAEMIR)ZIERE, ISR A i gl R4

R T RRAS [ AR T s 0 S A R T 2 R
HI LA A S IATLEE , XUR 2R & AZ31 B4 4 3L
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Fig. 6 EIS of substrate and niobium oxide coating
specimens prepared at different oxygen flow rates
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Fig. 7 Equivalent circuit used for EIS fitting
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Table 3 EIS fitting results of substrate and niobium oxide
coating specimens prepared at different oxygen flow rates

e RY CPE,/ R/ R/ L/

5 (Qem®) (10%Fem™S"") (Q-em’) (Q-em’) (Q-em’)
AZ31 4334 19.51 0.78 261.0  166.1 291.2
F1  36.03 7.84 0.87 769.2 11140 2453
F2 4254 10.52 0.85 7022 1178.0 181.9
F3  54.69 7.03 0.87 5924 1197.0 393.0
F4  50.56 7.33 0.89 536.6 6950 206.2
F5 5205 7.64 0.88 4945 1003.0 165.5
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Table 4 Corrosion parameters of niobium oxide coating
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specimens prepared at different sputtering power

RIS EelV Lo/ (Aem™) P/%
Pl -1.320 3.88x 107 93.5
P2 -1.383 3.35x107 94.4
P3 -1.352 2.81x107 95.3
P4 -1312 3.57x107 94.0
P5 -1312 432x107 92.8
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Fig. 9 EIS of niobium oxide coated specimens prepared
at different sputtering powers
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Table 5 EIS fitting results of niobium oxide coating

samples prepared at different sputtering powers

ikkE RJ CPE,/ R/ R/ L/

5 (Qem’) (10°-Fem™S"™") (Q-em’) (Q-em’) (Q-cem’)
Pl 4513 1.29 0.78 7807 5773 6852
P2 31.78 1.49 0.82 1412.0 1848.0 1165.0
P3 4471 0.61 0.84 1650.0 8137.0  795.2
P4 4824 132 0.79 1169.0 1827.0  324.8
P5  36.03 0.78 0.87 769.0 11140 2453

H12 5 FIAN, REE TR DRI, R, (HIEHEK
JassN, FIAVRIZ R B e fr s B 554K R P3
P2, P4, P1. P5. 7EMGFZNANy 80 W I, P3 Ik)Z2i
FEM R, MR (1650.0 Qem®) , 2BHIZIE 2 it it
PEf . 1245 5 s e S Ak 2t gt AT
2.3.3 RARE;H &Y Heh

ANTRICRR SR il 25 1 R A AR R 20 (S1~85)
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Fig. 10 Potentiodynamic polarization curves of niobium
oxide coating specimens prepared at different
deposition time
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Table 6 Corrosion parameters of niobium oxide coatings

prepared at different deposition time

AT E. /V I, /(Acm™) P/%
S1 -1.364 2.97x107 95.0
S2 -1.352 2.81x107 95.3
S3 -1.317 1.04x 107 98.3
S4 -1.381 1.57x 107 97.4
S5 -1.319 2.03x107 96.6
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P WSESE ST /N o 3 A TR [ 180 min 3
JnE] 420 min, WRERFEIN e TS TR, B
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Fig. 11 EIS of niobium oxide coating specimens prepared
at different deposition time
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Table 7 EIS fitting results of niobium oxide coating
samples prepared at different deposition time

Wk RY CPE,/ R/ R/ L/

5 (Qem®) (10°-Fem™S"") (Qem’) (Q-em’) (Q-em’)
SI 3543 1.57 0.75 1405.0 7943  674.0
S2 4471 60.91 0.84 1650.0 8137.0  795.0
S3  41.94 78.82 0.86 3210.0 8690.0 1357.0
sS4  39.77 2.29 0.83 2096.0 2775.0 1581.0
S5 43.80 1.64 0.86 2001.0 16740 693.1

HH2e 7 AT, BEE DRI R] A3, e i) v fir
EERSHL B SR IS EIE K SS s N B, IR 2R
it ok P SR B B AR . S3. S4. S5, S2. Sl. S3
W2 IARE HAT I K R B, X BH 1l R 5 1 B
FRIZRZRIIEIR, G E il o

3 Zig

KB TS ARAE AZ31 B & Rl 4%
TEARIRZ, BT TR L TS DR TR
] 3 AN EO AR 2 AOULARAE Rl g 5 i R
B, FEAFUT 4L

1) M8 EM 0.5 mL/min F+ £ 3.0 mL/min B,
WIZFERAEAL, HURIZERE N e,

2) BEE TS 60 W I E] 100 W, %2
T PURIE K, #E 90 W BHITR I 2 HBRE; 1
JERAE AT Dok SE SR R U , 7E 80 W I TTTRIR 2
YT e P 5 o

3) MUTFRRTE] 1 180 min M40 F] 420 min B,
TRIZHE RGN . BOBEREAR, XL A T PR Ak
LI SR SIS AR F, 7E 300 min BHITRRIRZ Y
[FRERES ST

S 3k
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Eftects of Preparation Process Parameters on Microstructure and Corrosion Resistance

of Niobium Oxide Coatings

LI Haiyang, WANG Hao, HU Xujun, LI Wenyuan, DING Zeliang

( College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The niobium oxide coatings with various process parameters were prepared on AZ31 magnesium alloy
using DC reactive sputtering technology to reveal the influence of sputtering deposition parameters on the corrosion
resistance of niobium oxide coatings. Microstructure and corrosion resistance of the layer were tested with SEM and
electrochemical workstations. The results showed that the effects of oxygen flow rate on the microstructure of the
coating were not significant, while the corrosion resistance of the layer decreased with the increase in oxygen flow rate.
When the sputtering power increased from 60 W to 100 W, the density of the coating surface gradually decreased, even
with cracks appearing on the coating surface, and the corrosion resistance first increased and then decreased. As the
deposition time increased from 180 min to 420 min, the coating exhibited increased thickness, reduced density, and a
corrosion protection effect that first enhanced and then weakened.

Keywords: magnesium alloy; niobium oxide; coating; reactive sputtering; corrosion resistance
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