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Properties of plasma electrolytic oxidation coatings formed on 2A97
Al-Cu-Li alloy using aluminate and phosphate electrolytes
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Abstract: The plasma electrolytic oxidation of 2A97 Al-Cu-Li alloy was carried out by pulsed bipolar current regime, in
aluminate and phosphate electrolytes, respectively. The microstructure and phase composition of the produced coatings
were analyzed by SEM and XRD, and the corrosion and wear properties of the coatings from the two electrolytes were
evaluated by electrochemical polarization curves and dry sliding wear tests. The results show that pancake structures
dominate the surface of the coatings from both electrolytes, and the coatings consist of an inner and an outer layer in their
cross sections, and there are large amount of big pores between the two layers. The main phase compositions of the
coatings are a, y, 0-Al,O3, however, higher amount of a-Al,O; is found in the coating from aluminate electrolyte. The
coating from phosphate electrolyte exhibits higher corrosion resistance than a similar coating from aluminate electrolyte.
The coating from the phosphate electrolyte shows lower coefficient of friction, possibly due to the incorporation of P in
the coating. However, the coating from the aluminate electrolyte has higher wear resistance because more a-Al,O; is
found in the coating from aluminate electrolyte.
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Fig. 1 Voltage—time curves of PEO treatment of Al-Cu-Li

alloy in different electrolytes
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Fig. 3 Surface morphologies of coating formed in aluminate electrolyte for different times: (a) 2 min; (b) 10 min; (c), (d) 30 min
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Fig. 4 Cross sectional morphologies of coating formed in aluminate electrolyte for different times: (a), (b) 30 min; (c), (d) 60 min
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Table 1 EDS analyses of PEO coatings from aluminate

electrolyte at different positions in Figs. 3 and 4

Mole fraction/%
Position

Al (0] Cu
1 42.99 57.01 -
2 42.15 57.85 -
3 46.13 53.72 0.15
4 44.71 55.29 -
5 42.06 57.43 0.51
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Fig. §

Surface and cross section morphologies of coatings formed on Al-Cu-Li alloy treated for different times in

hexametaphosphate electrolyte: (a) Surface, 10 min; (b) Surface, 60 min; (c), (d) Cross section, 30 min
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Table 2 EDS analysis results of PEO coatings from

hexametaphosphate electrolyte at different positions in Fig. 5

Mole fraction/%
Position
Al (0] Cu P
1 40.71 58.52 - 0.77
2 44.74 54.52 - 0.74
3 45.10 51.57 3.33
4 41.86 54.27 - 3.87
5(substrate) 98.10 0 1.90 0
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Fig. 6 XRD patterns of samples treated by aluminate and
phosphate electrolyte, respectively
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Fig. 7 Polarization curves of Al-Cu-Li alloy substrate and
PEO treated in different electrolytes for different times: (a)
Hexametaphosphate electrolyte, 30 min; (b) Aluminate
electrolyte, 30 min; (c) Hexametaphosphate electrolyte, 10 min;

(d) Aluminate electrolyte, 10 min; (e) Al-Cu-Li alloy substrate
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Table 3 Corrosion current of samples at different conditions

(corresponding to Fig. 7)

Corrosion current

Sample density/(A-cm ?)
Hexametaphosphate electrolyte, 30 min 1.48%10°"
Aluminate electrolyte, 30 min 3.63%X107
Hexametaphosphate electrolyte, 10 min 2.83X107
Aluminate electrolyte, 30 min 8.40%x1077
Al-Cu-Li substrate 4.56X10°°
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Fig. 8 Relationship between friction coefficient and sliding
time of samples formed in aluminate and hexametaphosphate

electrolyte under different loads for 30 min
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Fig. 9 3-dimensional displays of wear scars under 10 N dry sliding for 30 min of coatings formed in different electrolytes:

(a) Aluminate, (b) Hexametaphosphate
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Fig. 10 Optical profiler tests results of wear scars under 30 N dry sliding of coatings formed in different electrolytes for 30 min:

(a), (b) Aluminate, 3-D displays, cross section profile; (c), (d) Hexametaphosphate, 3-D displays, cross section profile
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