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Abstract: Focusing on large TC18 titanium alloy bars with a diameter of 400 mm, the tensile properties, microstructural
characteristics, fracture morphology, and characteristics of voids in the fracture surface profile were systematically
investigated at four locations: the center transverse (CT), center longitudinal (CL), edge transverse (ET), and edge
longitudinal (EL) locations. The tensile results demonstrate that edge samples exhibit a significant strength advantage, with
the ET sample achieving a tensile strength of 1 230 MPa. The longitudinal sample exhibits superior plasticity, with the CL
sample exhibiting the highest elongation of 16.5%. Compared with the core samples, the longitudinal samples contained 5%
more equiaxed o, phase, whereas the edge samples present smaller dimensions of the lamellar secondary o phase.
Fractography reveals typical ductile fracture characteristics with uniformly distributed dimples. Further characterization of
tensile fracture cross-sections reveals three types of void formation: within o, at the a,-p interface, and within the 3 phase.
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Tab.1 Chemical composition of the TC18 titanium alloy
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Fig.2 Microstructure of the TC18 titanium alloy for different samples: (a,~a;) ET; (b,~bs) EL; (¢,~c;) CT; (d,~d;) CL
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Tab.3 Mechanical properties of the TC18 titanium alloy at , 4¢, N 4b, d, ,
different positions
EL CL
YS/MPa UTS/MPa EL/% RA/%
ET 1142423 1230421 10.2+1.2 22+4 ° 40, ds,
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Fig.4 Fractography of TC18 titanium alloy for different samples: (a;~a;) ET; (b;~b;) EL; (¢,~c;) CT; (d,~d;) CL
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Fig.5 Cross-sectional images of the fracture profiles of the CL and ET samples: (a~c) CL; (d~f) ET

o S5a~c .
3 H @ o
[16,19-20] ; @

17,
b

[16]
o

S5d~f ,TC18 o,

[21-22] ) 2,CL

ET 5%, ET

ET ,
CL

JET
( 230 MPa).
. EL

105 MPa, 191 MPa,

14.9%).

https://www. cnk1. net

o ap

B B 3 o

ZHAO Q Y, SUNQY, XIN S W, CHEN Y N, WU C, WANG H,
XU J W, WAN M P, ZENG W D, ZHAO Y Q. High-strength tita-
nium alloys for aerospace engineering applications: A review on
melting-forging process[J]. Materials Science and Engineering: A,
2022, 845: 143260.
[J]. ,2024, 43(10): 924-934.
WANG D, ZHANG X J, DAIH Y, LI Y H, CHANG H. Research
progress on surface treatment technologies of titanium and titani-
um alloys[J]. Materials China, 2024, 43(10): 924-934.
[J]. ,2022, 55(10): 188-192.
DI Y L, HUANG H Y, JIAO Y, JIN B Q, LUO Q. Research
progress on surface modification of medical porous titanium and
titanium alloys[J]. Materials Protection, 2022, 55(10): 188-192.
s , . [J].
,2017, 34(3): 1-8.
ZHANG W J, DING H, WANG K. Progress in severe plastic
deformation of titanium and titanium alloy [J]. Titanium Industry
Progress, 2017, 34(3): 1-8.
s . TC18
[J]. ,2024, 45(4): 316-327.
LIR F, ZHANG Z X, TANG B, HE S L, LI J S. Research progress

B B 5

on the thermal deformation behavior of TCI18 titanium alloy
large-size bars[J]. Foundry Technology, 2024, 45(4): 316-327.
. ) s , , .BT22
[J1. ,2010, 24(3): 46-50.
HAN D, ZHANG P S, MAO XN, LUY F, XI ZP, YANGJ C. Re-
search progress of BT22 titanium alloy and its large forgings[J].
Materials Reports, 2010, 24(3): 46-50.



(

$09/2025 )

+ 887

(7]

(8]

(9]

[10]

[11]

[12]

[13]

H ] kY

. TC18
- [J1. , 2024,
49(9): 232-236.
YIN W D, YIN H, XIANG W, LUOHJ, LYU X G, ZHAIR Z, XU
Z Y. Heat treatment with consistency of microstructure and ser-
viceability for TC18 titanium alloy bar[J]. Heat Treatment of Met-
als, 2024, 49(9): 232-236.

s s , . [J].

,2021(9): 113-114.
HE T Q, MI L, GUO K, HE R. Research progress of aviation
titanium alloy forging technology [J]. World Nonferrous Metals,
2021(9): 113-114.
[J1.
,2014, 34(4): 44-50.
ZHU Z S. Recent research and development of titanium alloys for
aviation application in China[J]. Journal of Aeronautical Materials,
2014, 34(4): 44-50.
TCI18

1. ,2024, 41

) 5 > > >

(3): 14-18.
REN X L, CHEN Y, ZHANG S, YANG J, WANG T, ZHAO N.
Study on preparation, microstructure and mechanical properties of
oversized TC18 titanium alloy bar for aviation[J]. Titanium Indus-
try Progress, 2024, 41(3): 14-18.
s , s s , .TC18
[J]. ,2013(4): 54-55, 72.
QIAOENL,FENG Y Q, LI W Q, XIE E P, ZHANG S B, CHEN R
J. Forging process for large size TC 18 titanium alloy bars[J]. Met-
al World, 2013(4): 54-55, 72.
TC18 B [J].
,2021, 57(7): 880-890.
YAN M Q, CHEN L Q, YANG P, HUANG L J, TONG J B, LI H
F, GUO P D. Effect of hot deformation parameters on the evolu-
tion of microstructure and texture of 3 phase in TC18 titanium
alloy[J]. Acta Metallurgica Sinica, 2021, 57(7): 880-890.
TC18
, 2021,

B (-
38(6): 6-11.
XIONG Z H, LI Z S, YANG P, GU X F, YAN M Q, SHA A X.
Evolution of B phase texture of large size TC18 titanium alloy bar
during multi-pass forging[J]. Titanium Industry Progress, 2021, 38
(6): 6-11.

https://www. cnk1. net

[14] ZHANG H Y, WANG C, ZHOU G, ZHANG S Q, CHEN L J.

Dependence of strength and ductility on secondary o phase in a
novel metastable-f3 titanium alloy[J]. Journal of Materials Research

and Technology, 2022, 18: 5257-5266.

[15] ZHOU Y, WANG K, LI H H, WEN X, XIN R L. Effect of content

and configuration of equiaxed o and lamellar o on deformation
mechanism and tensile properties of a near-a titanium alloy [J].
Materials Science and Engineering: A, 2023, 877: 145192.

[16] GEJY, SHI S X, ZHAN X D, SONG M, ZHANG X Y, ZHOU K

C. Advancing fracture toughness in high-strength TC18 alloy by
optimizing the forging process[J]. Materials Science and Engineer-
ing: A, 2024, 911: 146857.

[17] LEI Z N, GAO P F, LI H W, CAl Y, ZHAN M. On the frac-

[18]

ture behavior and toughness of TA1S titanium alloy with tri-modal
microstructure [J]. Materials Science and Engineering: A, 2019,
753: 238-246.
s , s , s .TC18

[J1. ,2021, 50(10): 3600-
3608.
CHEN L Q, YANG P, LI Z S, GU X F, YAN M Q, SHA A
X. Simulation of texture formation in hot forged TCI18 titanium
bars[J]. Rare Metal Materials and Engineering, 2021, 50(10):
3600-3608.

[19] GAOPF, LEI ZN, WANG X X, ZHAN M. Deformation in fatigue

crack tip plastic zone and its role in crack propagation of titanium
alloy with tri-modal microstructure[J]. Materials Science and En-
gineering: A, 2019, 739: 198-202.

[20] HE D, ZHU J C, ZAEFFERER S, RAABE D. Effect of retained be-

[21]

[22]

ta layer on slip transmission in Ti-6Al-2Zr-1Mo-1V near alpha ti-
tanium alloy during tensile deformation at room temperature [J].
Materials & Design, 2014, 56: 937-942.
) , . TCI18
[J]. ,2013, 38(8): 93-95.
WANG Y, DONG J, WANG D Q. Effects of heat treatment pro-
cess on microstructure and mechanical properties of TC18 alloy
forged piece[J]. Acta Metallurgica Sinica, 2013, 38(8): 93-95.
, s TC18
1. ,2018, 34(1): 61-64.
QIU B AN, WANG X H,JIANG X H. Effects of Solution and
Aging Temperatures on Microstructure and Mechanical Properties
of TC18[J]. Electro-Mechanical Engineering, 2018, 34(1): 61-64.

( : )



