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Abstract; Through the hot-rolling and heat treatment experiments of TC21 titanium alloy plate under different process
conditions, the microstructure evolution rules were studied. Meanwhile, the corresponding relationships between the
strength plasticity, impact energy, and fracture behavior of the plate and the different microstructures were clarified.
The results show that with the increase of rolling temperature from 930 °C to 1060 °C, the microstructure of plate changes
from lath structure to equiaxed structure and then to duplex structure. During this process, the strength of plate
decreases, while the plasticity changes little, and the impact toughness has no obvious regularity. But the impact
toughness of the plate is higher when rolled at 960 °C and 1060 “C. Heat treatment can also effectively regulate the
microstructure. As the solution temperature increases from 900 °C to 960 °C, the original @ phase transformed into 8
phase after aging at the same temperature, especially at 960 °C, the fine « lath is precipitated. In this process, the
strength first increases and then decreases, and the plasticity and impact toughness first decreases and then increases.
Finally, the TC21 titanium alloy plate rolled at 960 “C and after heat treatment with 960 °C x2 h/AC +590 C x4 h/AC
presents good strength and toughness matching.
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Fig. 1  Microstructure of TC21 titanium alloy forging billet
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Fig. 2 Microstructures of TC21 titanium alloy plate rolled at
different temperatures: (a) 930 °C; (b) 960 C;
(¢) 1030 C; (d) 1060 C
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Fig. 3 Microstructures of TC21 titanium alloy plate rolled at
different temperatures and after heat treatment with
900 C x2 h/AC +590 C x4 h/AC: (a) 930 C;
(b) 960 C; (c) 1030 °C; (d) 1060 C
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Fig. 4  Microstructures of TC21 titanium alloy plate rolled at
different temperatures and after heat treatment with
930 C x2 h/AC +590 C x4 h/AC: (a) 930 °C;
(b) 960 C; (c) 1030 °C; (d) 1060 C
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Fig. 5 Microstructures of TC21 titanium alloy plate rolled at
different temperatures and after heat treatment with
960 C x2 h/AC +590 C x4 h/AC: (a) 930 C;
(b) 960 C; (c) 1030 C; (d) 1060 C
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Table 1  Room temperature tensile properties of TC21 titanium

alloy plate rolled at different temperatures

Temperature/°C~ R,/MPa R, ,/MPa  A/% 7/ %
930 1226.5 1154.0 13.7 25.5
960 1212.5 1120.0 15.5 31.0
1030 1152.5 1061.5 15.0 24.5
1060 1121.0 1031.0 14.3 31.0
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Fig. 6 Curves of room temperature tensile properties of TC21 titanium alloy plates rolled at different temperatures vs.

solution temperatures: (a) 930 °C; (b) 960 °C;

(¢) 1030 C; (d) 1060 C
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Table 2 Room temperature impact absorption energy of TC21

titanium alloy plate rolled at different temperatures

Temperature/°C KV,/] Temperature/°C KV,/]
930 18.4, 16.6 1030 20.1, 19.8
960 23.3,22.7 1060 22.7,26.6
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Fig.7 Macro-morphologies of impact fracture surface of TC21
titanium alloy plate rolled at different temperatures :

(a) 930 C; (b) 960 C; (c) 1030 °C; (d) 1060 C
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Fig. 8  Mico-morphologies of impact fracture surface of TC21 titanium alloy plate rolled at different temperatures

(a,b) 930 C; (c,d) 960 C; (e, f) 1030 C; (g, h) 1060 C
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Fig. 9 Micro-morphologies of fracture surface of TC21 titanium alloy plate rolled at 1060 °C after solid solution at different
temperatures and aging with same process: (a~c) as rolled; (d~f) 900 °C; (g~i) 930 C; (j~1) 960 C



BTl ¥ R

12 Titanium Industry Progress

40 &

PR B/ INBORL . MR AR o AHAE R T 1 R
MR, BT s RT3, BREEXS K, TR A
PRTPIRIE S, (H BT — 2 N S B0 -

K110 AR R FL A Y TC21 K& b AN
[ 305038 [ + A ] T 25 B s A 3 ) v o 0 D 25
Ro MWE 10 fTUE T, BEE B REN &, A
M B4 ok R VAT B o 240 2 B SRR ARR S T v ka3,
L 960 CHLEIMAT MBI, REHACIERT KV, £9°423 ],
2900 °C/2 h/AC +550 °C/4 h/AC RIS
KV, W/ 13,4 T KRR T 2 930 €, KV,
RS 8 ); 2, P REEERES
960 °C, KV, JFirm T, M 8.8 JHERE11.6 J, 45
AFE 3 AAL, R A 900 CA1930 CHY, o Mi%%
R A B AR, AR AR PRI, ] A v i
WL RE S ) 2R B 5 T > [EIA IR B R 2R 960 °C, B
AT TSR R o M, — 2R ks T4
BHAMEN:, Bttt oo R T R T, AR
PR 2N IAL BT RARZS X HEAS [ 5 4L 1 B b 44
ABRJE il DA L, RTLLE HALHIEE N 1060 C
AR A o I B A K P A

B 10 RFE I 6 TC21 ka2t ok & J0k e &
[ ) 258 0 A 4%,
Fig. 10 Curves of impact absorption energy vs. solution temperature

of TC21 titanium alloy plate rolled at different temperatures
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