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Study on High Temperature Oxidation Property of TC4 Titanium Alloy by Micro-arc Oxidation
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Abstract; Ceramic coatings were prepared in situ on the surface of TC4 titanium alloy by means of micro-arc oxidation
(MAO) technology, and the coatings were sealed with sodium silicate aqueous solution. The phase composition of the
coatings was analyzed by X-ray diffractometer ( XRD ), and the surface morphology of the coatings were observed by
scanning electron microscope( SEM). Through the bonding tensile test, the bonding strength between MAO coating and
substrate before and after sealing was compared. Using high temperature oxidation experiments, the high temperature
oxidation resistance of the TC4 substrate and coating samples before and after sealing was investigated. The results show
that the bonding strength between MAO coating and substrate is high. After sealing and oxidation at high temperature
for 100 h, the bonding strength of the coating decreases to 4. 29 MPa. Compared with the TC4 substrate, the high
temperature oxidation of the micro-arc oxidation coatings is lower, and the high temperature oxidation resistance is
significantly improved. The sealing treatment improves the compactness of the micro-arc oxidation coating, so that it
can better prevent oxygen from penetrating the coating into the substrate, and further improve the high temperature
oxidation resistance of the coating.
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Table 1  Composition of electrolyte for micro-arc oxidation

Number NaAlO,/g- 17" NaH, PO,- H,0/g- L.~
1* 2 0.25
2* 2 0.5
3* 4 0.25
4* 4 0.5
5* 4 1.0
6" 6 0.5
7 6 1.0
8" 8 1.0
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Fig. 1  Schematic diagram of the sealing equipment for

micro-arc oxidation coating

1.3 BRENKE

P 2B LA B 5 ok 28 35 L O AR R 2 )
AT SE Ky e tE B A s b, 2R AT i IR A AR
Hrp, 78500 °CF &AL [R] 43501 24 20 50, 100,
250, 350 1500 h, 7E 700 °C T #y 4 ALt [] 5351
10, 30, 45 f165 h,
1.4 K44

K H S570 T H F - $ BB o A SO AR AL i A%
1) B B RSS2 E 500 °C g S AR T I 1) 2 T 3 2



5 6 4]

HREHRSE . TCA S5 a RO AL IR R A AL TERERT TS 9

BB o R X ST S S 3 0 43 A G 41k g
JETE R IR A AL RS AR AL, R FH RS &5 e 38 56 0
HRR)ZE 53R 45 G5, SR CP225D Sartorius
LA M S GRS B2 10 7 o) AR URE 78 8
B b gt m iR A A E BT, 2l A AR E
HHIES 8

2 HRSHR

2.1 RERERR
Pl 2 SR MR UM O 5™ vl 4, LU R AR Ui
IR RZ 2% ) 18 500 °C T 2 [R] i ] g it AL B9

RIES . W2 Al LU, BEIREAETE 500 C
i % AL 100 1500 h J&, RIS R A m AL
JESZ AR L AR AL AN R, R T AR 1 B T T
JEHE L

Kl 3 ROT AR 0. 4 ¢/ mL RERR NI IES
fLJF, 78500 CTF 285 A [l i 18] iy i 48 A0 5 9 R T
A, WK 3 TLUER], 2 EfL)5E, HolA b
JZEALBAR/ N, JF BARE S, fmiiafl)n, B2
FLBAK, I HL B w5 R AL I o) iy 3, 1R = AL
B R X — b S e )= A L R K
o3 B HAR R 35 A W) S i) D A %

B2 BEEXAAES00 CTFLREREANE S EREHR
Fig. 2 Surface morphologies of the coating samples oxidized at 500 °C for different time: (a)0 h; (b)100 h; (¢)500 h
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Fig. 3 Surface morphologies of the coating samples post-sealed
with silicate after oxidized at 500 °C for different time:
(a)0 h; (b)100 h; (¢)350 h; (d)500 h
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Fig. 4 XRD patterns of the coating samples post-sealed

and unsealed
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Fig. 5 XRD patterns of post-sealed coating sample after
oxidized at 500 °C for different time
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Table 2 Test results of adhesion strength of the coating samples

Oxidized . Adhesion
Sample . Fracture location
time/h strength/MPa
0 Breaks inside the glue >19.25
Unsealed
100 Breaks inside the glue >27.47
0 Breaks inside the glue >20. 67

Post-sealed
100  Between coating and substrate 4.29
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Fig. 6 Oxidation mass gain curves of the coating samples at 700 °C

which prepared with different concentrations of electrolyte

4 F10.5 o/ L(A"HUARIRL) I, il 6 (R TR AP )22
T g A A TR A 2 B B E R A/ L AR
XIEH TR 4 miR b4 Ja RS, vl LU 4
e ) e s 4R BT Ak O 1

K7 & TCA B @ FIEZ I FETE 500 C 1 Ay &
IS E ML, T a AR, R 0. 4
g/ mL BER BH/K I RS FL B IR 2 00, 19 FE AR 42
i HUTRW BRI 0.3, 0.2 g/mL fif FRAEH K 7
WEALR IR O o R LAY IR R B0k e T A T
FimfR, 5 TCA FLRM L, il L5 B LR
F1 e e 4 P B A R AT, R 9 7 vl A A

[IATE-Eies

0.20
L o TC4
05 b ///
s L
o //
o 0.10 F o
&)
EJ @'/
S & o 0 g/mL
£ 005F L/ " <
o | ,Eo:‘ 0.2 g/ml
& '0/'.‘%\‘.—--_- 0.3 o/mL]
‘z-“ 0O F * 0’."————‘\“» g/m
L 0.4 g¢/mLJ
-0.05 |
1 1 1 1 1 1 1 1 1 I 1 1
0 100 200 300 400 500 600

Time/h

BT AR R KA B R 3 SLALIE G 6 R XA
2500 C T #9 AALIE F 2%

Fig. 7 Oxidation mass gain curves of the coating samples at

500 °C after post-sealed with different concentrations

of sodium silicate solution
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