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Tablel Chemical composition of TC21 alloy (/%)

Al Mo Sn Zr Nb Cr Ti

6.05 2.70 2.06 2.18 1.86 1.60  83.55
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Fig.1 Original microstructure of TC21 alloy
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Table2 Solution aging heat treatment process

Solution aging process Solution treatment Aging treatment

ST AS BRI Kie I KA CT SRigs b i AL
FE, Wil 3 FroR. THIZSLE Instron-8801 i A1 57
RIEHL_EBEAT, SR AACEE T 256 R 2 MR ek
TWTTIME S . FIH SULS10 RIS AT 23 Be
WL 1 W7 1R AR AE

2 HRESR

2.1 TC2LYhE&HE pIBERMALEST

Bl 4 Nk p s TC21 SkE& S HMMA S, N
Bl 4 hRfLUE H, &t g GG, TC21 2kE& 4 1RO
HAHACEHE —ERMBEHIESRY. 5E 1 PELG
HEMELE, VIR o HHEE TR R, pHAE L
Frib KREM AR o M0, B9 R o M EAHZS S0 .
HRFE a HRSFAYS), HAP 354 B R 58 B 4 il N
10.3 1 4.3 um. 478 bR BOE AR T 1 52 W 3145 35 &) 1
ML, LI RTIMER) RIFILE, JE8:mH—%
ST R I R T2 A R, T g BOE NE
S8 (W] 35 o AR A B T 23R AS 35 5 1 Y G5 2 2R A T4
gl 5,

HT-1 830 C/2 h, AC 590 C/4 h, AC
HT-2 850 C/2 h, AC 590 C/4 h, AC
HT-3 870 C/2 h, AC 590 C/4 h, AC
HT-4 890 C/2 h, AC 590 C/4 h, AC
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Fig.2 Room-temperature tensile specimen of TC21 alloy
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Fig.3 Fracture toughness specimen of TC21 alloy
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Fig.4 Microstructure of TC21 alloy after quasi-f forging
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Fig.5 Microstructure of TC21 alloy under solution process after

quasi-g forging
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Fig.6 Microstructures of TC21 titanium alloy after aging treatment under different solution treatment processes: (a, a’) 830 ‘C/2 h, AC
+590 ‘C/4 h, AC; (b, b’) 850 ‘C/2 h, AC+590 C/4 h, AC; (c, ¢') 870 C/2 h, AC+590 ‘C/4 h, AC; (d, d") 890 ‘C/2 h,
AC+590 C/4 h, AC; (e, ¢') 910 C/2 h, AC+590 ‘C/4 h, AC
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Table3 Microstructure parametersof TC21 alloy under different solution temperatures

. o Content of lamellar a Length of lamellar a Thickness of lamellar « Aspect ratio of
Solution temperature/‘C
phase/% phase/um phase/um lamellar o phase
830 46.85 12.96 1.30 9.96
850 38.62 9.32 1.46 6.38
870 31.44 7.60 1.65 4.60
890 20.31 5.74 1.84 3.11
910 13.01 4.58 2.02 2.26
2.3 ERRYIEX TC2L K& & HMI%EERI ST TC21 R EEHIFHLIREL o, FUEIRIREE 00, 73939 1080

8 N TC21 ARG BAEANF EEN B T ZAI T alke 970 MPa. ZXS HUARIL, & Butbin 5 BESA I T3k 3
PRGN - AE k. B 9 O TC21 ShaeAFE  JEiE e, REERFIYE S B R b 2 TR B
BN T AR St R, BIERI (FIOHSEE, (EHZ51E, IS EE esm g .
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Fig.7 Microstructures of TC21 titanium alloy under different aging treatment processes: (a, a’) 870 ‘C/2 h, AC+540 ‘C/4 h, AC;
(b, b") 870 C/2 h, AC+590 C/4 h, AC; (c, ¢') 870 C/2 h, AC+640 C/4 h, AC
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Table4 Microstructure parametersfor TC21 alloy under different aging treatments

Aging Content of lamellar Thickness of lamellar Thickness of secondary
Solution treatment
treatment a phase/% a phase/pm a plate/nm
540 ‘C/4 h, AC 31.42 1.67 140
870 ‘C/2 h, AC 590 C/4 h, AC 31.44 1.65 168
640 C/4 h, AC 30.43 1.72 232
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Fig.8 Stress-strain curves of TC21 alloy under different solution

aging treatments
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Fig.9 Effect of solution aging treatment temperatures on the mechanical properties of TC21 alloy: (a) effect of solution temperature on

strength; (b) effect of solution temperature on ductility; (c) effect of aging temperature on strength; (d) effect of aging temperature
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Fig.10 Effect of different solution aging temperatures on fracture toughness of TC21 titanium alloy: (a) solution temperature; (b) aging

temperature
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Crack propagation path of TC21 alloy under different solution treatments: (a) 830 ‘C/2 h, AC+590 ‘C/4 h, AC; (b) 850 C/2 h,

AC+590 ‘C/4 h, AC; (c) 870 C/2 h, AC+590 ‘C/4 h, AC; (d) 890 ‘C/2 h, AC+590 ‘C/4 h, AC; (e) 910 'C/2 h, AC+590 C/4 h, AC
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Fig.12 Tensile fracture morphologies of TC21 titanium alloy under different solution treatments: (a) 830 ‘C/2 h, AC+590 ‘C/4 h, AC;
(b) 850 ‘C/2 h, AC+590 ‘C/4 h, AC; (c) 870 ‘C/2 h, AC+590 ‘C/4 h, AC; (d) 890 ‘C/2 h, AC+590 ‘C/4 h, AC; (e) 910 ‘C/2 h,
AC+590 ‘C/4 h, AC
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Fig.13 Fracture morphologies of fracture toughness specimens of TC21 alloy under different solution treatments: (a) 830 ‘C/2 h,
AC+590 ‘C/4 h, AC; (b) 850 ‘C/2 h, AC+590 ‘C/4 h, AC; (c) 870 C/2 h, AC+590 ‘C/4 h, AC; (d) 890 ‘C/2 h, AC+590 C/4 h, AC;
(e) 910 'C/2 h, AC+590 C/4 h, AC
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Effect of Solution Aging Treatment on Microstructure Properties of TC21 Titanium
Alloy After Quasi-g Forging

Xu Hao, Sun Qianjiang, Wen Chao, Ma Xin, Niu Dongyang
(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, Chian)

Abstract: The quasi-f forging of TC21 titanium alloy was conducted, and then the alloy was treated by the solution aging heat treatment
experiment. The effects of different solution aging heat treatment systems on the microstructure and mechanical properties of the alloy
were investigated. The results show that after TC21 titanium alloy was forged by quasi-f and treated by solution aging heat treatment
process, the microstructure of the alloy presents a typical basket-weave structure. With increasing the solution temperatures, the content
and length of the lamellar o phase are decreased significantly, the strength of the alloy is increased, the tensile strength can reach 1269 MPa,
whereas while the plasticity change shows the opposite trend, and the maximum fracture toughness can reach 71.7 MPa-m"?. With
increasing the aging temperature, the effect on the lamellar a phase is slightly smaller, but the thickness of the secondary a phase is
increased significantly. The strength of the alloy decreases, the tensile strength is 1218 MPa, and the plasticity increases. The fracture
morphology of the alloy becomes flatter with increasing the solution temperature, and the crack growth path also becomes flatter. The
fracture toughness value presents a downward trend, but it is increases with increasing the aging temperature. Considering the good match
among the strength, plasticity, and fracture toughness of the alloy, after comprehensive analysis, it can be obtained that the best heat
treatment system of TC21 titanium alloy after quasi-f fracture is: 870 °C/2 h, AC+590 °C/4 h, AC. The tensile strength, elongation, and
fracture toughness are 1250 MPa, 6.61%, and 64.6 MPa-m'?, respectively.
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