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Influence of Different Type of Microstructure on Properties of TC4 Titanium Alloy Wire

Wang Qingrui, Sha Aixue, Huang Lijun, Huang Xu
(Beijing Institute of Aeronautical Materials AECC, Beijing 100095, China)

Abstract ; By different heat treatments and microstructural analysis methods, microstructure characteristics of equiaxed
structure, duplex structure and lamellar structure for TC4 titanium alloy were observed in this study. Meanwhile, the
influence of different microstructure on tensile property and fatigue property was studied. The results show that
equiaxed structure with the finest a grain and high dislocation density exhibits the highest strength; duplex structure,
with bigger o phase and lower dislocation density than that of equiaxed structure, presents excellent process plasticity ;
lamellar structure, with coarse original 8 grain, presents the lowest plasticity. While, the lamellar structure presents
the best fatigue property. When crack size is lower than 250 pm, the crack growth rates of three microstructures are
obviously difference. The lamellar structure exhibits the lowest crack growth rate, and it is the highest for equiaxed
structure. When crack size is higher than 250 pm, there is no obvious difference. Considering the mechanical properties
and process plasticity of TC4 titanium alloy wire, duplex structure should be selected as the final structure state of the
products.
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Heat treatment processes of TC4 titanium alloy wire

Table 1

Heat treatment process Microstructure

820 C/2 /AC
950 °C/1.5 h/AC +540 °C/6 h/AC
1020 °C/45 min/AC

Equiaxed structure
Duplex structure

Lamellar structure
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Fig. 1 TEM images of TC4 titanium alloy wire with equiaxed structure: (a) equiaxed grain;

(b) dislocation in equiaxed grain; (c¢) sub grain boundary in « phase

TCA G SRS KA EELH R, NP4 Z4E
FRF RN e AT A, A A 45 il et 2 20 4R
AN, a FRRLRGEANT pm (] 1a) o dE—22 0%, K
RIS R N AR R, (R, siHES
RSP FAR (] 1b) , XL T o AT A
AORAIE . SFAH R FRAFAE R 5, o AHA S
BOA KA HAS R (] Le) o TCA BRE a2 T A
AbEERR R, AR WAL, ST AR S W
VABCBH GO fi iz s B o i 2, (1R 3 R,
AT A 28 R A i FR 3R

P2 g TC4 BRG 4 22 b 22 [ 78 i 0 A T I LS
AU SEM By, HERRHIAE o RS20 10 wm,,
K3 TCA BR5 S22 BESH LR TEM M7 7EXL
A, MHABREOIR o A Z RIR 7 7E — 5 Kkt
M AR S (1 3a) o BROIR o AHINAAE 2 S R, D i

BLEEHES L S8 (18] 3b) o HES R 5 10 o7 i ik K%M1K
AIRAE R E R, o R AR T 25 Inl SR P45
FolR a #HN K o/B ARG _EATS A — R K A i (14
3¢), EIRSGERAISUNIL, MIEHRE R P,

B2 TCAReh LM RAMRE SEM B A
Fig.2  SEM microstructure of TC4 titanium alloy wire

with duplex structure



£ N I i 22

14 Titanium Industry Progress

A3 TC4 kAo MR EME Y TEM B K
Fig.3 TEM images of TC4 titanium alloy wire with duplex structure: (a) sub grain boundary in o phase;

(b) dislocation wall; (c¢) low density dislocation
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Fig. 4 TEM images of TC4 titanium alloy wire with lamellar structure: (a) grain boundary o

(b) o bunching; (¢) low density dislocation
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Table 2 Tensile properties of TC4 titanium alloy wire with

different microstructures

Microstructure Ry ,/MPa R, /MPa A/ % 7/ %
Equiaxed structure 992 1065 15.9 39.5
Duplex structure 941 1043 17.6 42.6
Lamellar structure 943 1057 11.9 31.8
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Table 3  Results of low cycle fatigue of TC4 titanium alloy wire

with different microstructures

Fatigue life

Microstructure O o/ MPa mar” Ry
/cycle
Equiaxed structure 507 10 700 0.476
Duplex structure 507 12 444 0. 486
Lamellar structure 507 20 730 0. 480
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Fig. 5 Curves of crack length vs. fatigue cycles of

TC4 titanium alloy wire fatigue specimen
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