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Table 1 Chemical composition of TC4 alloy (/%)

Material Al \ Fe H

C o) N H Ti

TC4 6.21 4.22 0.18

0.0024

0.005 0.14 0.048 0.012 Bal.

R2 TCARKESHAIEHE

RT3 HMHE TC4 k& MRS E

Table 2  Heat treatment process for TC4 alloy Table 3 Heat treatment process for formed TC4 alloy

No Heat treatment process No. Forming technique and status Heat treatment
parameters

1# 550 °C,2 h, AC 1 Laser deposi.tion AC

. manufacturing

24 750 C,2h, AC 2 Stress relief annealing 550 'C,2h,AC

3# 900 C,1h,AC 3 Solution-aging treatment 970 C, il;’ AACC+550 C,

4 930 C, 1 h, AC ’

5# 950 ‘C, 1 h, AC Deposition path

6# 950 C,1h, AC+550 C,4h,AC . o

Deposition direction

T# 950 C,2h, AC

8# 970 ‘C, 1 h, AC .

9% 970 °C, 1h, AC+550 C, 4 h, AC [ TC4 forged piece

L04 970 C, 1 h,AC+970 C, 1 h, AC i’

+550 ‘C,4 h, AC x

11# 970 C, 2h, AC+550 C,4 h,AC

12# 1020 C, 1 h, AC

13# 1020 C, 1 h, AC+970 C, 1 h, AC 1 A ARLAREHCRE P

Fig.1 Schematic diagram of tensile sample sampling



ELE T ek HARFIDOHOETIRL TC4 ALEUNTEREN *3009
K2 TC4 &R0 UIRHIE DI B4l 4]
Fig.2 OM images of LDMed TC4 alloy with different magnification
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Fig.3 OM images of LDMed TC4 alloy under different heat treatments: (a) 1#, (b) 2#, (c) 3#, (d) 4#, (e) 5#, (f) 6#, (g) 7#, (h) 8#,
(1) 9#, (j) 104, (k) 11#, (1) 12#, and (m) 13#
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Fig.4 OM images of grain boundary change in LDMed TC4 alloy under different heat treatments: (a) 1#, (b) 3#, (c) 4#, (d) 5#, (e) 6#,
and (f) 13#
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Fig.5 XRD patterns of LDMed TC4 titanium alloy under different

heat treatments
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Table 4 Room temperature tensile properties of TC4 alloy by

LDM
Status of materials ow/MPa 00.2/MPa % W%
As-deposited 939.5 892.2 12.8 15.2
Stress relief annealing 953.9 872.5 16.2  20.6
Solution-aging
900.4 857.7 30.9 384
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Fig.6 Tensile properties of TC4 under different heat treatments:

(a) strength and (b) plasticity
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Fig.7 Friction coefficient curves of TC4 under different heat

treatments
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Fig.8 Wear morphologies of TC4 alloy under different heat treatments: (a) laser deposition manufacturing, (b) stress relief annealing,

(c) solution-aging treatment
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Table 5 Average micro-hardness under different heat treatments

No. Heat treatment process HV,,/MPa
0# AC 4695
1# 550 'C,2h,AC 4894
2# 750 C,2h,AC 4956
3# 900 C,1h,AC 5260
44 930 C,1h,AC 5353
S# 950 C, 1 h,AC 5468
6 950 C, 1 h,AC+550 ‘C,4h, AC 5406
T# 950 C,2h,AC 5520
8# 970 C, 1 h,AC 5630
ot 970 C, 1 h,AC+550 ‘C,4h, AC 5540
10# 970 ‘C,1h,AC+970 C, 1 h, AC+550 C,4h,AC 5570
11# 970 C,2h,AC+550 ‘C,4h, AC 5690
12# 1020 C, 1 h,AC 4692
13# 1020 C, 1 h,AC+970 ‘C,1h, AC 5530
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Effect of Heat Treatment on Microstructure and Properties of Laser Deposition TC4

He Bo', Xing Meng', Sun Changging®, Yang Guang'~
(1. Shenyang Aerospace University, Shenyang 110136, China)
(2. Shenyang Institute of Engineering, Shenyang 110136, China)
(3. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process, Shenyang 110136,
China)

Abstract: By comparing the microstructures, static mechanical properties and microhardness of laser deposition TC4 alloy in the
as-deposited and heat-treated states, the approaches to perfect the microstructure of laser deposition TC4 alloy were explored. Results show
that after the as-deposited sample undergoes 970 °C heat treatment, the grain boundary « is thoroughly broken which is continuous initially;
with the extension of solution time, globular a phases are more and bigger, and their laths are in full growth and increase dramatically; 2 h
later, when the sample undergoes aging treatment, its structure turns to be constituted by equiaxed a, basketweave a and transformed S
phase, which results in the optimized textural parameters. Compared with that of as-deposited and annealed samples, the plasticity of the
solution aging sample is enhanced significantly and the strength is decreased slightly, and their integrated mechanical properties improve
remarkably. Its equiaxed structure performs coordinating function and its basketweave structure can reduce the dislocation pile-up to
improve the plasticity. The microhardness is gradually increased in the laser deposition TC4 alloy in the order of the as-deposited,
as-annealed, as-solution aged and as solid-solution treated. But when the solution temperature rises to the transformation point, the
microstructure of the sample rearranges after crystallizing, leading to marked decline in microhardness.

Key words: laser deposition manufacturing; titanium alloy; heat treatment; microstructure; property
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