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Optimization of Heat Treatment Process for Ti-1300F High Strength Titanium Alloy Wire
Yue Xu, Tong Xiaole, Yang Jialuo, Wang Tian, Zhang Qi, Qiao Enli, Cao Rui
(Xinjiang Xiangrun New Materials Technology Co., Ltd., Hami 839000, China)

Abstract; The orthogonal test was used to study the effect of solution temperature, aging temperature and aging time on

the room temperature tensile properties and microstructure of Ti-1300F alloy wire with diameter of 6. 5 mm. The results

show that the microstructure of the alloy consists of fine equiaxed primary o phase, dispersed acicular secondary o

phase and B matrix after solution and aging process in « + 8 phase. Aging temperature has the most significant effect

on the strength and plasticity of the alloy, followed by solution temperature and aging time. The heat treatment process

is optimized based on orthogonal test and the results show that the strength and plasticity of Ti-1300F alloy wire has a
good match after (760 ~790)°C/1 h, WQ + (500 ~540)°C/4 h, AC treatment.
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Table 1 Orthogonal test scheme
Factor Level I Level 2 Level 3 Level 4
Solution temperature/°C 740 760 780 620
Aging temperature/C 500 540 580 620
Aging time/h 2 4 8 12
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Table 2 Room temperature tensile properties of Ti-1300F alloy wire under different heat treatment processes

Room temperature tensile properties

No. Solution temperature/°C  Aging temperature/°C~ Aging time/h

R,/MPa  R,,/MPa  A/% 2/%
1* 740(1) 500(1) 2(1) 1523.5 1442.5 11.50 33.00
2* 740(1) 540(2) 4(2) 1305.0 1262.5 17.00 53.00
3* 740(1) 580(3) 8(3) 1253.0 1197. 0 18.25  51.50
4* 740(1) 620(4) 12(4) 1140.5 1082. 5 21.00 55.50
5* 760(2) 500(1) 4(2) 1533.0 1457.5 12.25 38.50
6" 760(2) 540(2) 2(1) 1384.5 1335.5 16. 00 51.50
7* 760(2) 580(3) 12(4) 1268.0 1232.0 18.25 53.00
8" 760(2) 620(4) 8(3) 1162.5 1106. 5 20.25  55.50
9* 780(3) 500(1) 8(3) 1585.5 1487. 5 9.25 21.50
10* 780(3) 540(2) 12(4) 1425.5 1340. 5 15. 50 42.00
1n* 780(3) 580(3) 2(1) 1347.5 1263.0 15.50 47.50
12* 780(3) 620(4) 4(2) 1226.5 1149.0 20. 00 53.50
13* 800(4) 500(1) 12(4) 1510.5 1415.0 10. 00 28. 00
14* 800(4) 540(2) 8(3) 1468. 0 1385.5 11. 00 28. 50
15* 800(4) 580(3) 4(2) 1281.0 1179.0 19. 00 45. 50
16* 800(4) 620(4) 2(1) 1259.0 1161.0 17.50 45.50
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Table 3 Range analysis of room temperature tensile properties of Ti-1300F alloy wire under different heat treatment processes

R,/MPa

Factor RR/%

Ky, K, K K, Range 1
Solution temperature 1305. 50 1337. 00 1396. 25 1379. 63 90. 75 6.70
Aging temperature 1538. 13 1395.75 1287. 38 1197. 13 341. 00 25.17
Aging time 1378. 63 1336. 38 1367. 25 1336. 13 42.50 3.14

R, ,/MPa

Factor RR/%

K, Ky, Ky K, Range 2
Solution temperature 1246. 13 1282. 88 1310 1285.13 63. 88 4.99
Aging temperature 1450. 63 1331 1217.75 1124.75 325. 88 25.44
Aging time 1300. 5 1262 1294. 13 1267.5 38.50 3.01

A/ %

Factor RR/%

K, K, K, Ky, Range 3
Solution temperature 16.94 16. 69 15. 06 14. 38 2.56 16.25
Aging temperature 10. 75 14. 88 17.75 19. 69 8.94 56. 69
Aging time 15.13 17. 06 14. 69 16. 19 2.38 15. 06

Z/%

Factor RR/%

K41 K42 K43 K44 Range 4
Solution temperature 48.25 49.63 41.13 36. 88 12.75 29.00
Aging temperature 30. 25 43.75 49.38 52.50 22.25 50. 60
Aging time 44.38 47.63 39.25 44.63 8.38 19. 05
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Fig. 1  SEM microstructures of Ti-1300F alloy wire treated under

different solution treatment processes: (a) 740 C/1 h,
WQ +540 C/4 h, AC; (b) 760 C/1 h, WQ +540 °C/
2 h,AC; (c¢) 780 C/1 h, WQ +540 C/12 h, AC;
(d) 800 C/1 h, WQ +540 C/8 h, AC
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Fig. 2 SEM microstructures of Ti-1300F alloy wire treated under

different aging treatment processes: (a) 780 °C/1 h,
WQ +500 °C/8 h, AC; (b) 780 C/1 h, WQ +540 C/
12 h, AC; (c¢) 780 C/1 h, WQ +580 C/2 h, AC;
(d) 780 C/1 h, WQ +620 C/4 h, AC

K 2b B, BFECRE R ] 540 C A, Ti-1300F
B AW o FURE ] H B S A e R A o A
M ROR A 620 C i, WA o AR AN WG 2,
HA BRI, W12 o AR Z (8]0 S A o AR R W
JKL, JRRELE A, M BRI o FIE SRR
S B AL, FHIRIKAE o FHERERIL R KRR T
Hoam AR, (AR EE Ak, 5 300 ) 4R s Es
ARG Ao B A, SRR, SRRk a g A
WAt IR 500 CH, Ti-1300F 44
R BE A K 1585. 5 MPa, %0 9.25% ; B 30k &
540 CHY, A4 REE N 1425.5 MPa, R4
B2 15.5% 5 YBFRGR TR E 620 CTHE, A 45
FER RS, MRS, DR AYSREE A 1226.5 MPa,
i 28 20. 0%



1 JHAF: Ti-1300F wgim bk G 22 b Pk BT 200 A 27

3 HAETESWL
3.1 HAERETRESSER

3.2 EWAHERSH
P4 Sy Pk BT AR Ti-1300F & G 2244
SEM MR M4 il LI, 22(760 ~790)C/1 h,

HRAE 138 Ly (4°) IEZCIRI A BT 0, ARG WQ+ (500 ~ 540)°C/4 h, AC [ % + I 4b B,

AP BT 2 (D3R 4) X Ti-1300F 5 4 2244 47 H4
Aib PR
F4 MUBHRLGETE

Table 4  Optimized heat treatment processes

No. Heat treatment process

5" 760 C/1 h, WC +500 C/4 h, AC
17* 770 C/1 h, WC +520 C/4 h, AC
18" 780 C/1 h, WC +540 C/4 h, AC
19* 790 C/1 h, WC +520 C/4 h, AC
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Fig. 3 Room temperature tensile properties of Ti-1300F alloy

wire after optimized heat treatment process
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Fig. 4 SEM microstructures of Ti-1300F alloy wire after optimized
heat treatment processes: (a) 760 C/1 h, WQ +500 °C/
4 h, AC; (b) 770 C/1 h, WQ +520 C/4 h, AC;
(c¢) 780 C/1 h, WQ +540 C/4 h, AC; (d) 790 C/
1 h, WQ+520 C/4 h, AC
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Fig. 5 Fracture morphologies of Ti-1300F alloy wire after

optimized heat treatment process: (a) 760 C/1 h,
WQ +500 °C/4 h, AC; (b) 770 C/1 h, WQ +520 C/
4 h, AC; (c) 780 C/1 h, WQ +540 °C/4 h, AC;
(d) 790 C/1 h, WQ +520 C/4 h, AC
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