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Effects of anodic oxidation on fatigue property of
TB8 titanium alloy sheet in sodium tartrate electrolyte
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(1. College of Mechanic and Electronic Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China;
2. China Helicopter Research and Development Institute, Jingdezhen 333001, China)

Abstract: Anodic oxidation of 0.5 mm-thickness TBS titanium alloy sheet in the electrolyte system with sodium tartrate
as film-forming agent was investigated. The microstructures of the fatigue fracture and the anodic oxide films were
observed by scanning electron microscopy (SEM). Meanwhile, the phase composition of the oxide films on the titanium
alloy substrate was determined by X-ray diffractometry (XRD) and energy dispersive spectrometry (EDS).The fatigue
fracture mechanism of both unanodized and anodized TB8 titanium alloy sheet was investigated in the film-forming agent
of sodium tartrate. The results show that, a uniform dense oxide film about 2 pum-thickness forms on the surface after
anodic oxidation, the coating is composed of rutile TiO, and anatase TiO,. The surface defects are eliminated effectively,
the initiation and propagation rate of the crack source reduce, resulting in the fatigue striations more uniform and detailed.
The fatigue strength of TBS titanium alloy sheet after anodic oxidation in the film-forming agent of sodium tartrate,
increases by about 44%, compared with the base metal at the fatigue life of 1 X 10* cycles.
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Fig. 1 Shape and dimension of tensile sample of TBS
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Fig. 2 Shape and dimension of fatigue sample of TBS

titanium alloy sheet (Unit: mm)
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Fig. 3 SEM images of TBS titanium alloy surface before and
after anodic oxidation: (a) Base metal (Before anodic

oxidation); (b), (c) After anodic oxidation
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Fig. 4 SEM image of cross section of anodic oxidation films

on TBS titanium alloy surface
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Fig. 5 XRD patterns of TB8 titanium alloy before and after

anodic oxidation: (a) After anodic oxidation; (b) Base metal
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Fig. 6 EDS spectrum of anodic oxidation films on TBS8

titanium alloy surface
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Table 1 Comparison of surfaces chemical composition of TBS titanium alloy before and after anodic oxidation
Mass fraction/%
Specimen
Al Ti Nb Mo Si (¢} Fe N C
Base metal 277 72.78 2.79 13.53 0.24 0.26 0.22 0.37 0.14
After anodic oxidation 2.60 56.75 2.14 10.32 0.27 19.97 0.20 2.33 3.76
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Table 2 Tensile test results of TB8 titanium alloy before and

after anodic oxidation

Specimen oy/MPa  6y,/MPa 0/%
Base metal 1310 1193 6.9
After anodic oxidation 1280 1166 7.1

£3 TBS kAo EEMIE ST R 4 5
Table 3 Fatigue test results of TB8 titanium alloy

S/MPa Life cycle/10°
1050 6.26
920 8.61
920 10.02
840 13.00
710 15.88
710 18.39
620 33.25
580 21.51
540 37.32
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Table 4  Fatigue test results of TB8 titanium alloy after anodic

oxidation
S/MPa Life cycle/10°
1140 6.73
1140 4.54
1050 10.74
1050 14.67
988 19.67
920 19.88
760 40.88
760 19.54
710 47.62
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Fig. 7 Fatigue life S—N curves of unanodized and anodized

TB8 titanium alloy

t S—N 2t T FE(RLNQR)FI(3)), LEJE 55 A5 i A 1Y)
H1X10°%, 1X10°F1 1X10° R, w15 TBS tha4ht
W B 28 B AR A AL SRR (195 57 i FE (LR 5). tHR 5
ALAEH, 2t P AL FRFER, % 557 P RETS 32
TS, FER ST A A BN 1X10°, 1X10°

% 5 IRENIHTAFM T TBS KA S REM 52 NS 55
SRS LG
Table 5 Comparison of fatigue strength of unanodized and

anodized TB8 titanium alloy in definite fatigue life

Fatigue life/ Fatigue strength/MPa

cycle Base metal After anodic oxidation
1X10° 200 385

1X10° 437 630
1x10° 955 1032




2096 T EA G R AR

2015 4F 8 H

HIX10* T, Gk PHAR A AL AR BRI 1R 57 5 5 3 31
ﬁiﬁ%l%\lM\HBP-éﬁﬁﬁnﬂ@Wi
I, 28 3k BH B A A A A PR 982 7 i 88 LU REAA TR 98 57
?%Elmo

25 EFHEORH ST
2.5.1 UL R 55 Y PRI T 11 T3

N T 3B M GBI S A AL B RE AN B A 5 57
W HREAE, N3N ) 710MPa (R 7 11
MESHEAT T M5 M (AL 8 A1 9). % 57 R LU IR
P B T REHBUAE IR PRI T B R 1T B
AR, 8(a) RN 9(a) T s 3 il A BER AN BT LA
A BRI 55 YRR By 3 30 3oy 1) R T Rk

5#. i,’w; :‘” .Qf
e

B8  KPHA AR AT IR 55 I 5

Fig. 8 Fractographs of fatigue fracture for unanodized sample:

(a) Crack initiation; (b) Crack propagation area; (c) Transient

area

Fig. 9 Fractographs of fatigue fracture for anodic oxidation
sample: (a) Crack initiation; (b) Crack propagation area;

(c) Transient area
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