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Table 1 Chemical composition of raw materials (w/%)
Raw material (6] N H C Fe
0.040 0.004 0.001 -
0.020 0.003 0.006 0.007 0.03
0.050 0.010 0.003 0.010 0.04

Sponge titanium 0
Electrolytic titanium

Sponge titanium 0A
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Table 2 Chemical composition of hot rolled TC4 titanium
alloy sheet (/%)
Sheet Al v C (¢} N H Ti
S-TC4  6.03 4.07 0.016 0.071 0.007 0.001 Bal.
E-TC4 588 437 0.012 0.090 0.009 0.001 Bal.
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Table 3 Heat treatments of TC4 titanium alloy

Sample Heat treatment
1 890 C/30 min, WC+550 ‘C/3 h, FC
2 920 ‘C/30 min, WC+550 ‘C/3 h, FC
3 950 ‘C/30 min, WC+550 °C/3 h, FC

Note: FC-furnace cooling; WC-water cooling
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Fig.1 Schematic diagram of tensile specimen
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Fig.2 DSC curves of hot rolled TC4 titanium alloy sheets
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Fig.3 Microstructures of S-TC4 titanium alloy sheet at different solution temperatures: (a) 890 C, (b) 920 °C, and (c¢) 950 C
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Fig.4 Microstructures of E-TC4 titanium alloy sheet at different solution temperatures: (a) 890 C, (b) 920 C, and (¢) 950 C
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Fig.5 Tensile strength (a) and elongation (b) of S-TC4 and E-TC4 titanium alloys after different solution aging treatments
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Fig.6 Fracture morphologies of S-TC4 titanium alloy sheet at different solution temperatures: (a) 890 C, (b) 920 C, and (¢) 950 C
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Fig.7 Fracture morphologies of E-TC4 titanium alloy sheet at different solution temperatures: (a) 890 C, (b) 920 °C, and (¢) 950 C
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Fig.8 Rockwell hardness of TC4 titanium alloys

1M B-TC4 %L J&5 MM AR & I\ 26.81 HRC B4 1% 950 °C
[t 5 I 2050 Ak 3 S5 3R A3 10 e KA B 32.18 HRC, 3 1R
20.07%. HIMEA L, E-TC4 7F 23 [ s i sk 3 s
FARE AR 5 T B g
3 & it

1) S-TC4 F1 BE-TC4 K& 41 a—p FEAF &
HOd 2. E-TC4 K (a+p)/B HHZZ SR E N 979.2 C, &

=T S-TC4 B (a+p)/f HZE iR E 946.0 ‘C. S-TC4 £
B AR S AT, AU AI4, H

AV IR R4 T AL ZURT B-TC4 1) ] 95 I 2 L 4L B
HRAH R

2) S-TC4 K& &AL B b # )5, Prdrok
J B [ s 3 B 0 T vy, RIS NS B A, 4
MR FREE A, JEAE 890 “C [ VA IN 200G 3K 45 H H 11
Gy 12 VERE . I B-TC4 1A BT S o J5E Fil 3] 375 405 1 1) T
AN, AR AR RFEERRAC, 7 890 C A IN Ak S
AR AER S A S ERE. 55 S-TC4 MLk, E-TC4 4
28 3 [ I A B, B R R e R A B R Ol (B

3) S-TC4 4KE bl B B 38 n,  HwiEd Ty
AR Sk B BT 28 L ) R A VS R T L G B
24, E-TC4 K& BEA [ 1 n, FE w287 X4k
UONIVEWT R PITERTRE . B0 ANV A SR S T T Y

SE TRk
[1] Banerjee D, Williams J C. Acta Materialia[l], 2013, 61(3): 844

References

[2] Li N, Chen Y J, Kong D D. The International Journal of
Advanced Manufacturing Technology[J], 2019, 100(5-8): 1881

[3] Costa B C, Tokuhara C K, Rocha L A et al. Materials Science
and Engineering C[J], 2019, 96: 730

[4] Kiiemmel D, Hamann-Schroer M, Hetzner H et al. Wear[J],
2019, 422-423: 261

[5] izmir M, Tufan Y, Tan G et al. Surface and Interface Analysis
[J], 2019, 51(9): 954



4296 -

G AR

%49 35

[6] Jones R, Singh R K S, Iliopoulos A P et al. International Journal
of Fatigue[J], 2019, 124: 227
[7] Zhao Yongqing(BAKEK). Materials China(™ B #4¥} 2 J)[J],
2010, 29(5): 1
[8] Froes F H, Friedrich H, Kiese J et al. JOM[J]], 2004, 56(2): 40
[9] Kosaka Y, Fox S P, Faller K et al. Journal of Materials
Engineering and Performance[J], 2005, 14(6): 792
[10] Han Mingchen(%i B [i7), Zhang Yingming(5k JEH), Zhou Yi-
gang(fil X W) et al. Rare Metal Materials and Engineering
Wi & @A kLS TRE[I], 2008, 37(4): 665
[11] Liu Meifeng(X3€ X)), Guo Zhancheng(Fl i /&). The Chinese
Journal of Nonferrous Metals("' [E 45 44 J& 2~ 3R)[J], 2003,
13(5): 1238
[12] Li Jian(ZE 1@#). Thesis for Master(fii+-i& 3)[D]. Changsha:
Central South University, 2012

[13] Yan Beilei(E£%%). Thesis for Doctorate(1# 1 i¢ 3C)[D].
Harbin: Harbin Institute of Technology, 2016

[14] Patil S, Kekade S, Phapale K et al. Procedia Manufac-
turing[J], 2016, 6: 63

[15] Gao Peng(f5 MB), Liu Lingyu(X|¥5 ). Transactions of Materi-
als and Heat Treatment(F EHAME BEZEHR)([T], 2019, 40(231): 39

[16] Qi Lichun(5%37.%), Huang Lijun(# Fl| %), Zhao Xinqing(i*
B et al. Transactions of Materials and Heat Treatment(¥}
BHAKL B -£3R)[]], 2015, 36(S1): 78

[17] Liu Wanying, Lin Yuanhua, Chen Yuhai et al. Rare Metal
Materials and Engineering[J], 2017, 46(3): 634

[18] Sallica-Leva E, Caram R, Jardini A L et al. Journal of the Me-
chanical Behavior of Biomedical Materials[J], 2016, 54: 149

[19] Vrancken B, Thijs L, Kruth J P et al. Journal of Alloys and
Compounds([J], 2012, 541: 177

Effect of Solution and Aging Treatment on Microstructure and Properties of TC4 Tita-
nium Alloy Hot-Rolled Sheet by Sponge Titanium/Electrolytic Titanium Melting

Tan Cong', Xiao Han', Zhang Hongyu', Huang Haiguang'?, Yu Kun®, Zhou Rongfeng', Li Zhimin®
(1. Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)
(2. Yunnan Titanium Industry Co., Ltd, Chuxiong 651209, China)

Abstract: Sponge titanium and electrolytic titanium were used as raw materials for melting TC4 titanium alloy. The smelted ingot was
subjected to hot rolling and solution aging treatment. The microstructure and properties of TC4 titanium alloy sheet rolled from ingots of
different raw materials after different solid solution aging treatments were studied. The results show that the a—/ transition of sponge
titanium TC4 and electrolytic titanium TC4 alloys is an endothermic process. The transformation point temperature of electrolytic titanium
TC4 is obviously higher than that of sponge titanium TC4. When the sponge titanium TC4 alloy is solid-solved at a temperature exceeding
the transformation point temperature, its structure is Weiss-structure. Other structures under different solid-solution aging conditions are all
bimorphic. After solid solution aging treatment, the tensile strength of sponge titanium TC4 increases at first and then decreases, while the
elongation continues to decrease with the increase of the solution temperature. The tensile strength of electrolytic titanium TC4 increases
with increasing solution temperature, while the elongation continues to decrease. Both of them obtain the best comprehensive mechanical
properties after solid solution holding at 890 °C for 30 min and 550 °C for 3 h. Compared with sponge titanium TC4, the electrolytic
titanium TC4 has a more significant improvement in strength and hardness after solid solution aging treatment.

Key words: sponge titanium; electrolytic titanium; TC4; electron beam cold hearth melting; solution aging treatment; microstructure;

mechanical properties
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