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Plasma electrolytic oxidation of Ti-6Al-4V alloy in
aluminate electrolyte and properties of coatings
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Abstract: The plasma electrolytic oxidation(PEO) treatment of Ti-6Al-4V alloy was carried out in an aluminate
electrolyte under a pulsed bipolar electrical regime. The luminous behavior of Ti-6Al-4V alloy during the PEO process
was investigated under emission spectroscopy (OES), the microstructure and phase structure of the obtained coatings
were examined by SEM and XRD, and the corrosion and dry sliding wear properties of the coatings were also evaluated.
The results show that the main spectral lines detected during the PEO process are attributed to Na and H,, and the spectral
lines from the substrate element are very weak. The phase compositions of PEO coatings consist of aluminium titanate,
rutile and a small amount of y-Al,0;. A lot of protuberances present in the microstructure of the coating surface. The
coating treated for 1 min possesses the most excellent corrosion resistance, showing a corrosion current density of
1.14x1077 A/em?, which is nearly one order lower than that of the coatings formed for longer times. However, the coating
formed for 30 min shows high wear resistance and a very low friction coefficient of about 0.2 for the inner layer,
demonstrating its potential application values.
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Fig. 1 Peak cell potential-time curves of Ti-6Al-4V alloy
during PEO treatment in 8 g/L NaAlO,+1 g/ ] KOH
(Absolute values are given for negative potentials) (a) and
variation of luminescence intensity with time at 589.01 nm

during PEO process (b)
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Fig. 2 Variation of luminescence spectra in 250—-700 nm
during PEO of Ti-6Al-4V
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Fig. 3 Relationship between coating thickness and time
during PEO treatments of Ti-6Al-4V alloy in 8g/L
NaAlO,+1 g/L KOH electrolyte (Error bar represents standard

deviation)
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El4 ACFARFIN S Ti-6Al-4V £ < PEO B2 XA SEM 4
Fig. 4 SEM images of PEO coatings on Ti-6A1-4V formed for different times: (a), (b) 1 min; (¢)—(f) 30 min; (d), (¢) Magnified

images of zones 4 and B; (f) Cross section and locations for EDS analyses (zones E—H)
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Table 1 EDS analyses for different locations in surface and
cross section of PEO coating formed for 30
min( Corresponding to zones C—H shown in Fig.4)

Mass fraction/%

Position

(0] Al Ti A%
C 61 30 8 1
D 64 23 12 1
E 61 28 10 1
F 55 35 10 1
G 57 35 7 1
H - 6 83 11

4 e —Substrate
4— A1, TiO;
+—Rutile
=—»-ALO;

1 1

10 20 30 40 50 60 70 80
26/(°)

5 PEO 40 20 min [fIf)2 XRD i

Fig. 5 XRD patterns for PEO coating formed for 20 min
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(R PO ot L O 88 B e /N (1.14 X 1077 AJem?), T4k
10 min 5 IREE A JE ol b I B K (1,36 X107
Alem?), R BRI LR R T — AN R . AL
g eI, fERAAE R AE 8 g/L NaAlOy+1 g/L KOH
LA 1 PEO 402 1 min [1) PEO iS22 I it B PEO
407 30 min 5 PEO JEZ M il 2247 . Z Rif T
rh ot g B AL B R) B G PEO B2 B A T R T el
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2.0 -
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Current density/(A*cm™)
6 Ti-6Al-4V JL4R KA PEO AbFEIN I EAE 3.5%
NaCl PR AL 2k
Fig. 6 Potentiodynamic polarization curves obtained in 3.5%
NaCl solution for Ti-6Al-4V alloy before and after PEO

treatment for different times

£ 2 Ti-6Al-4V FEARKOAE PEO KBS R] (1§52 (65 b ey
Table 2 Corrosion current densities of uncoated Ti-6Al-4V

alloy and coatings after PEO treatment for different times

PEO treating  Corrosion potential Corrosion current
time/min (vs SCE)/V density/(A-cm %)

1 0.107 1.14X 1077

10 -0.052 1.36X107°°

15 —0.049 7.48X 107

20 -0.072 4.96Xx107

30 -0.099 3.68X 107

Substrate -0.382 3.80%X1077
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N ARSI A B R TR FEE 4 X PEO 4k
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Fig. 7 Relationship between coefficient of friction and time
for PEO coatings under applied load of 2 N formed for 1 and
30 min on Ti-6Al-4V alloy (Inset is magnification of area
circled by ellipse)
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Fig. 8 Comparison of wear depth for PEO coatings formed
for 1 and 30 min on Ti-6Al-4V alloy under applied load of 2 N
for sliding times of 642 s and 1800 s, respectively
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Fig. 9 Morphologies of wear scars and cross section on different PEO coatings after dry sliding tests under applied load of 2 N for

1 and 30 min and EDS spectrum: (a), (b) PEO coating formed for 1 min, sliding time of 642 s; (c), (d) Surface and cross section

morphologies; (¢) Morphologies of PEO coating formed for 30 min, sliding time of 1800 s; (f) EDS analysis of boxed area shown in

Fig. 9(c)
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