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Abstract: TC25 titanium alloy was forged in the a+f two-phase region and f single-phase region, followed by heat
treatments of 550 °C/2 h/AC, 900 °C/2 h/AC, and 900 °C/2 h/AC + 550 °C/6 h/AC, respectively. The effects of forging
temperature and heat treatment processes on the microstructure, tensile properties, and low-cycle fatigue performance
of the forgings were investigated. The results show that the a+f forged TC25 titanium alloy exhibits a dual-phase
microstructure, single-step annealing promotes the dissolution of primary a phase and thickening of secondary a phase
as the temperature increased, while two-step annealing further facilitates the growth of primary a phase and coarsening
of secondary a phase. The f forged TC25 titanium alloy presents a basket-weave microstructure with interlaced
lamellar o phases, and different heat treatments induce changes in a colony size. Moreover, the a+f forged alloy
demonstrates superior comprehensive mechanical properties, with significantly better plasticity and low-cycle fatigue
life than the f forged counterpart.

Keywords: TC25 titanium alloy; forging; heat treatment

N TC25 tk&a4 (RIS BT25) 2 atp BsE
W HEA: 2025-09-02
BIEEE: Bis (1993 , B, @ LR, &4, 4 U N Ti-6.5A1-2Zr-2Sn-2Mo-1W-0.28i" .



505 0

TR EFLE AR otp 5 B HRIE TC25 EhG 4 AR LR ) MR 1 52 19

RIS S TR Mo A1 W, BRI T %E48miR
FHFRR AR E M, HAI AR IR BE W] A 500~550 °C,
FR A3 2 R BIHLE H LA B R4,

WHFEN L% TC25 A EMAM T TZ#AT T K
B, %A B R pAH XY, BES
B R, X RGN FE B A R W)
P FEAMERE RIS ME A, (H S R 7 M e i 2=
seAh, R RS A 57 I R B, B
FH DX G PR AR A 4 B4R A A8 5 P ARG R 982 55 77 i fIK
i e RN BT R B, KA e T R X A e UL AR
TE, BRE I AH X A2 TE Ja N 4 22  AR XA B30 i A X ()
AT DU ONES AL, A FRE R R H4E b
R — EHENIVA o, BEEARET 50%". %
R LT EA RIFMLE J15% R .

BT ERE s, AR TC25 $RE &M%
TR TN BB X PR atf PIAH X, I A8 5 4 4
AFET 2. B E R A, M F B R
TEARAE IR A 2, Ko B A SR AT o e 1 B AN 98 55 1 e
AR, DA FE 480 IR 5 S IR K FE X TC25 A4 i
T 2N g 25 M e 1 B e B A

1 £ &

1.1 KW R R AR

SCIG PRI TC25 (K& &R, 201 atp PitH
X [ 977 °CHI B B AH X [ 1044 °CHEAT HIE , I X A
BEAT R0 # kb B, DASRAF A X S ST RO 2 . atp
BT B AT EE R 1022 °C, H A5 H kb B8 B Ry
982 °C/2.5 h/FC+550 °C/6 h/AC. B4AF1 B 1A IR E
91019 °C, HAPLALBHIEE )Y 970 °C/2.5 h/AC+
550 °C/6 h/AC.

M atB WAHIX i 1 g AR X s TC25 (k& 4
Btk B BIVIE @50 mm B4, #%EE 1 PR, BT
AN T2 Ja SRR B

x1 TC2 KEE|MHALETZ

Table 1 Heat treatment processes of TC25 titanium alloy forgings

No. Heat treatment process

Process | 550 °C/2 h/AC

Process 11 900 °C/2 h/AC

Process III 900 °C/2 h/AC + 550 °C/6 h/AC

1.2 AFEMeemK

N FA A B S 0 158 A 43 5ol ) B ek R R 5 R
FEo KA GB/T 228.1—2021 FriHEHEAT = I Hz 14 mE I
Re KA GB/T 15248—2008 H it 32E 1715 & 9 55 14 g 0

B, MR T H Sy g i R 5, W0 IR E B E
300 °C, IR A # A 2 Hz, #7558 = M Cotp
s RO ANIE 52 3 (B & R, B KN 7779 800 MPa,
B/NREJIN 80 MPa, RiJJLLA 0.1, R4 o A £
K=1, D58 %55 7 4y =10 000 J& ¥, 355 20 000 &K
Je 5 1A
1.3 BRHBLFRMT

S AHRFEH 800#~7000#10 40 2 4T BE , B Ji5 A F
OPS EZHCEAT I, o Pl AU IR+ -+ /K
IR0 5 5o K2 B AUBE COMD AT L 4 2SR AE

2 HERG0H

2.1 otpBERRMAELR

Bl 1N otp #51E TC25 BG4 A R E 5 1)
H RS IWE 1 A LUEH, otp BiE TC25 £k
B ELARFRRA G NS HLS, AHTh &4
a bl Cop) « EF ot Cage) VAR pH#ARAL, FH
BRI M TERIRAE o M (ay) o fEARBALHE
WFE, A o MR SETER 4R B S AR TEK R (B
la) . FA&EHACIIREM TG, &5 o MRS
WEAE R B S ( 1b. 1c) . otf HiE TC25 tk&
4% 900 °C/2 h/AC + 550 °C/6 h/AC XL E B ki3 )5,
R BRI o i (B 1d) o« X2 H TR
SO E T AT RE R IR FEER R, KAt «
R T -

REIB KAEFE ) at+p B TC25 Bh& &4 o M
A, EEPR (B 1a) . £ 550°C2hiBK)E,
WA o HEEJLTFAZ (1), 14 900 °C/2 h B
KJg, WE o MHEFEH SR (E 1o, RPUHLESE
BE &R KR E R T g K. S@XWEBKE, KA o
DR (B 1d) , R UTLE KR K [E] [R] R GE 4%
fEHERE o A3 2,

NEAL A FEXT I A o AH T RE A, X 28 A [R] # Ak 2R
1) at+p Bi& TC25 KA EVAE o MR HUkAT 4
T, SR UE 2 B . REIB KA DL 4 550 °C/2 h,
900 °C/2 h iB KALFE)S, TC25 Bk & &014 o MIKRFR 331
4350 (23.74£1.14) %. (22.7420.7) %~ (21.39+1.03) %.
1 o+ WA DGR KGOS FE Y, WA o 288 ) g %A
YL, LI AR TR o AR IR BE B T s T R
DR] I 8 v 18 IR B 2 PRI AR o AR AR 0 2. XL
HIBKJG, WA a RS ECON (21.51£1.12) %,
5900 °C/2 h KB KRR T — 8, R ZIRIB K
XA o MR BOR AN K, FCARF o 3 Bl 5
— 5 R iR K FE R E .

R HTIR K T EX o+ Bl TC25 A4



gk HE B
20 Titanium Industry Progress 2%

Bl 1 a+p 4tiE TC2S5 k& &2 A R Vb 3 5 1) il 4 41

Fig.1 Microstructures of a+f forged TC25 titanium alloy under different heat treatment processes:

(a) untreated; (b) process I; (c) process 1I; (d) process III

25

24

N

20

V()%

1 1 1 1
Untreated I 1 I
Process

B2 a+p Bl TC25 Bk 4 A R ELF )
W a AR 4
Fig.2 Volume fraction of primary a phase in a+f forged TC25

titanium alloy under different heat treatment processes
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Fig.3 Distribution maps of major axis size and minor axis size of primary a-phase in a+f forged TC25 titanium alloy under different heat
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treatment processes: (a, b) untreated; (c, d) process I; (e, f) process II; (g, h) process Il
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Table 2 Room-temperature tensile properties of a+f forged TC25 titanium alloy

Process Rn/MPa Rpo.2/MPa A% Zl%
Untreated 1021.0£1.0 867.5+7.8 19.5+0.5 41.5+2.5
I 1021.0+7.1 875.5+4.9 18.8+1.8 45.0£3.0
I 999.0+12.0 854.0+11.3 17.842.5 43.5¢1.5
I 1059.5+11.5 917.5+6.4 17.0+0.5 35.5+0.5

£33 otfIRIE TCS KA EHRAREFESD
Table 3 Low-cycle fatigue life of a+f forged TC25

titanium alloy

Process Number of cycles Result
Untreated >20 000 Pass
I 11276 Failure
I >20 000 Pass
1 >20 000 Pass
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Fig.4 Microstructures of § forged TC25 titanium alloy under different heat treatment processes:

(a,b) untreated; (c,d) process I; (e,f) process II; (g,h) process 111
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Table 4 Room-temperature tensile properties of  forged TC25 titanium alloy

Process Rn/MPa Rp02/MPa Al% ZI%
Untreated 1090.0+10.0 944.0+7.0 10.8+0.3 17.0£1.0
I 1089.0+3.0 937.0+2.0 12.8+1.3 19.0£1.0
I 1058.5+6.5 817.5£10.6 11.3£1.8 17.5£1.5
I 1099.0£1.0 953.0+4.0 8.8+0.8 14.0£2.0
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Table 5 Low-cycle fatigue life of f forged TC25
titanium alloy
Process Number of cycles Result
Untreated >20 000 Pass
I 18 128 Failure
I 9134 Failure
I >20 000 Pass
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