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ABSTRACT: This work aims to explore the corrosion resistance of Ta,Os coatings formed by plasma electrolytic oxidation

(PEO) of tantalum in phosphate electrolyte. The phase composition, morphology and elemental composition of the obtained
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coatings are characterized by XRD, SEM and EDS, respectively. The corrosion resistance is investigated by potentiodynamic
polarization curves and electrochemical impedance spectroscopy (EIS). The PEO coatings are composed of crystalline Ta,0s. A
thin film with nodules is formed at the initial stage of PEO, and later changes to a grooved structure. The potentiodynamic
polarization tests are performed in 3.5% NaCl solution, and the results show that the corrosion current density of the coatings is
about 4 orders of magnitude lower than that of the substrate. The corrosion potential of the PEO coating formed in 600 s was
increased by ~1.3 V compared with the un-treated substrate, and the corrosion current density is 3.7x107'® A/em?, showing a
protection efficiency of 99.97%; the corrosion potential of the 1200 s PEO coating was increased by ~1.4 V, and the current
density is 1.46x107'° A/cm?, showing a protection efficiency of 99.99%. During 160 days of immersion tests in 3.5% NaCl
solution, a thin oxide coating has formed on the surface of bare tantalum and the impedance value increases constantly after
immersion for the initial 30 days, which demonstrates a protective effect on substrate to some extent. However, when the coating
formed by PEO for 600 s was immersed in the solution, the impedance in the low-frequency region dropped significantly after 3
days. As the immersion time extended, the impedance of the coating continued to decrease. However, the value of the charge
transfer impedance is still an order of magnitude higher than that of the un-treated tantalum after 160 days of immersion. It

shows that the PEO coating formed on tantalum in the phosphate electrolyte has good corrosion resistance, and PEO can greatly
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improve the corrosion resistance of tantalum.
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Fig.1 (a) Time-cell potential curve of PEO treatment of

tantalum and (b) the spark morphology at the corresponding
times in (a)

2.2 HEMMEIRKHHE

BTEANIE] PEO AR BRI [R] A9 95 2 oW S an e 2
Fi7R. PEO AL 60s, WZHIFRMIES N B TR
LERC DL 2a ), 4 Je BH AR ik R £5 FRL A IR AR A PEO

¢ 1200 s
K2 4 JE4H PEO AP [RIHT 8] f) % 2 oW 31

Fig.2 Micro-morphologies of PEO coatings under different PEO treating time on tantalum metal



$50% ol

T BLIMAE - R IR P A5 T R SR AL U R T Dk P RE AT 5 35 -

RS E) T AL TR 250 60 s )2
(988 T NP BAR 200 2 um, W% PEO 1t B934T,
WERE IR S5BETE R, TE 300 s i, IR
JZ 3 B2 RS AR — LR (DL 2b), HE R
294 1.7 pm, FifiFF PEO AbHAS [ A3 (&l 2¢. d),
FMZEHE AL W BER” JES. WK 2e Fix, PEO
AhEE 1200 s BRTIESS 600, 900 s ¥kZHA KK
D5, AR/ XIS B AL K AETE 3 (A7 B3 1A )

B 2 H1 60, 300, 900 s ZE Ak AR R AN R Y
EDS /4 SRR 1. 250 FRM, WZEMELuRA
WCh Ta f1 O, WRIZHA /DK A AR HEF K F
Na, M¥AKMEIBCE, WHERT PO, HK/1bS
SO, X ] RE SRR ER AR B SR A e
PEO AbFH 300 s )21 XRD 43+ an & 3 s . HIE 3
ATRLEBL, TEBSRER MW, BB PEO X2
F R REE A . 7E XRD 5 H ORI 31 Ta,Os A1 Ta 119
firhtige, Horp Ta AYIERIEFILAR, BEHAEZ ) 32 2L
YIMIZH 8 i 4S Ta0s. XRD K45 5 5 EDS 434t
FAR—FL,

%1 60, 300, 900 s & FERME M EDS H#7
Tab.1 EDS analysis of the surface of oxide coatings at 60,

300 and 900 s at.%

(0] Ta K Na
Location 1 24.49 75.08 0.43 —
Location 2 57.20 42.04 — 0.76
Location 3 42.17 56.13 1.15 0.55
Location 4 55.36 42.94 0.64 1.07

- # Ta,Os

m Ta

Intensity (a. u.)

10 20 30 40 50 60 70 80
20/(°)
K3 PEO 4b3H 300 s i JZH) XRD 4
Fig.3 XRD analysis of the coating treated with PEO for 300s
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