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Table 1 Chemical composition of TC4 and TC11 alloys (/%)

Alloy Al v Mo Zr C (¢} N H Ti
TC4 5.65 4.02 0.062 0.15 0.015 0.012 Bal.
TC11 5.48 - 3.54 1.57 0.024 0.02 0.012 0.010 Bal.
+
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Fig.1 Schematic diagram of tensile sample sampling
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Table 2 Heat treatment process

No Forming technique and status Heat treatment parameters
1# Laser deposition manufacturing AC
2# Stress relief annealing 550 C,2h,AC

3# Solution-aging treatment

930 C, 1h, AC+550 C,2h,AC
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Fig.2 Laser deposited microstructures of different alloys: (a) TC4, (b) TC11 and (c¢) TC4/TC11
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Fig.3 Microstructures of the LDM TC4/TC11 alloy after stress relief annealing: (a) TC4 , (b) TC11 and (c) TC4/TC11
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Fig.4 Microstructures of the LDM TC4/TC11 alloy after aging treatment: (a) TC4, (b) TC11, and (c) TC4/TC11
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Fig.5 Microstructures of tensile fracture sections of LDM TC4/TC11 alloy after stress relief annealing: (a) TC4, (b) TC11, and

(c) TC4/TC11

F 3 AR ERE
Table 3 Tensile properties of the alloys

Alloy o,/MPa 00.2/MPa wl%
TC4 919.400 863.734 21.91
TCI1 965.317 893.017 22.29
TC4/TC11 913.900 867.496 15.37

HE 61 a2, b2, 2 ATLUAEH, LV JJ I8 K Ab B
JE ) TCI1 BK& & M KM, KBIss ke By
T /NES, 1 TC4 K44 F1 TC4/TC11 XA &5
AN, H TC4 K& 48 TCA/TC1 WA &Ml s o
K, XM T P4 TC11. TC4. TC4/TC11
IR BEAR, X5 P43 A P Re MR 5 A . B 7
PRNYIBEY QISR S
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Fig.6 Tensile fracture morphologies of the LDM TC4/TCI11 alloy after stress relief annealing: (al, a2) TC4, (b1, b2) TC11, and

(c1, c2) TC4/TCl1

1000 —TC4/TC11
e TC4
m—TCIl1

800 |
<
=™
> 600}
2 |
=l
@ 400t

200}

0 1 1 1 1
0.000 0.002 0.004 0.006 0.008
Strain

B 7 LR KRR G < Y ) - AR 2
Fig.7 Stress-strain curves of the alloy after stress relief

annealing
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Fig.8 Micro-hardness distribution of the alloy after different

heat treatments
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Table 4 Average micro-hardness of alloys with different heat

treatments (x10 MPa)

No. TC4 TC11 TC4/TC11

1# 477.075 527.250 507.633

2# 489.875 530.270 518.700

3# 496.175 556.350 550.833
3 & 18
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Microstructure and Properties of Direct Transition Interface of TC4/TC11 Fabricated
By Laser Deposition Manufacturing

He Bo', Liu Jie!, Yang Guangl’z, Wei Hua®
(1. Shenyang Aerospace University, Shenyang 110136, China)
(2. Key Laboratory of Fundamental Science for National Defense of Aeronautical Digital Manufacturing Process,
Shenyang 110136, China)
(3. Nanjing Tech University, Nanjing 211800, China)

Abstract: TC4/TC11 direct-transition alloy samples were prepared by laser deposition manufacturing, and the stress relief and solution
aging heat treatments were carried out. The microstructure and tensile fracture were observed using optical microscope (OM), scanning
electron microscopy (SEM) and universal testing machine; then the tensile properties and hardness were tested and analyzed. The results
show that the basket-weave microstructures of two sides of the deposited TC4/TC11 differ greatly; the microstructure is much more
uniform after stress relieving while the microstructure is coarser after solution-aging. After the tensile tests at ambient temperature on the
stress-relieved samples, the minimum tensile strength of TC4/TC11 is located at the direct transition zone, which is close to that of TC4.
TC4/TC11 has a low plasticity at the direct transition zone. The fracture sections at room temperature are all on the side of TC4 titanium
alloy, which proves that the direct transition interface of TC4/TC11 has good properties. The microstructure analysis of the direct transition
zone explains its micro-hardness variation.

Key words: laser deposition manufacturing; titanium alloy; microstructure; tensile property; micro-hardness
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