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Table 1 Chemical composition of TC17 titanium alloy (wt%)

Al Mo Cr Sn Zr Fe C (0]

H N B Cu Mn Y Ti

490 407 404 215 1.99 0.047 0.02 0.10

0.0054  0.005

<0.010  <0.010  <0.010  <0.005 Bal.

K1 TC17 &4 0 R AMZH 23 S 48 AN m)l B8 VA <K I 45 380 1) S A 2H 41
Fig.1 Origin microstructure of TC17 titanium alloy (a); microstructures of TC17 titanium alloy obtained after quenching at 910 °C (b) and
900 °C (c) for 30 min
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Fig.2 Microstructure of TC17 titanium after solution treatment at
920 °C for 30 min
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Fig.3 OM images of TC17 titanium alloy after aging treatment at different temperatures
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Fig.4 OM images of TC17 titanium alloy after aging treatment at different temperatures
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Fig.5 SEM images of TC17 titanium alloy after aging for different time at different temperatures
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Fig.6 Geometrical models for simulating different precipitation
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* 2288 ¢

W] B RS TR

554 3%

PE R L, 7£ 1000 °C I 2 & 4K 1K 47 RS & E=58 GPa Al
Fatbv=0.4, ARG Pk SO ORIREER %, fEAH
ERA G i HBUE AR, S SCBR[27]H k=0.12 A ],
e T i 1) A PR SDCAEL o R 40 v 0 MR 26 AT R TR T
e 0T MR 6 0 A S Y 1R 06 BE S BT 38 (B <0>=19° R AR 1 %
00=15°, [A] N X B2 R IR S50 oy, BRI T
IMAK 572 , AN FELEE R 1 1y~ ey A1 £, 2K I SCHR[207
4.3 BEHEREIWERITIL

FEALE T 10004 B éi R AR 1 2 i B AH VTSR 4L,
o BUREANETIEED KR, AN SR 1 o, IR B8 FE AN o
F K P2 BT 248 AR 4 IMAK 05 R 55 1Y oy, AR R 23
K, SR THE AR SR o AR AL, 5 BUX 1000
A B RV BE AR R AR DK T AL
o, B 7a~Tb 5 N 750 “CF ag, 114K 58 1 5 18] 1)
R oy AR K e 5 oK i 2RI R R B Te
750 “CH aMH 1A i S I TR OC &R , B B SZ I X S0
o1 T H BB TRDY BB, 2478 25 0 B AR K B — e w2 B i
AT 1L, H oy PIAT HE 2 EEIRAR, o1y, PEAR LIS 25
FIT o5 (0 LA v o i o B 28T ) P S K SR R 22 1) o R
FER T o iR AE IR BT DL o AR AN R B B S R 2%
18 P38 0 B 28 BT A A 58 T

BIUAS 2 o B AL RN 10% [ TTT B2k i 7d B,
AT LA HEATT H o A 0403 58 i 2 ) R0 11 ARG S TR e 14
KGR/ NI A S B B TTT #2482 “CV R, “ B
650 Co S AR S F I R0 A 850 A11800 “CHY
B 25 B8] /9 10 min B 7E & 5 BUSE 3T SR A2 A 1 T
R aAH, Q1 3e. 31 B s A2 I 2800 2 650 F11600 C
I, IF SO 1) 24 10 min IS AT 7 K& o AH , W1 5b.5E
BT 5 £E I B0 A 550 °C, I 2] 9 1 h BT HY 7 20
B/ oA, G0 51 BT R . SRR AR SEIE o M AT HY
T 2R A I IR FE 1 B A S 386 K B A, A B 2800 B Dy
600~650 “C I, o AH (AT H o 22 g PR, AR5 SR 5 se e 25
RHYIE

5 £ i

DTC17 & &4 %0 R E, M &R 2, A1 i
o AF A3 2 52 3L 4 B8 K /s 4 4 A8 B 2800 FE X ]
N 600~650 “CIf, AH A2 HR ) 3 1% o JR - 19 BOH FE A
B 7 ECOR VLK R FE , LB BT H o AH R 2808 21 T 8 K

DTC17 & &4 S5 A B, o 4] B JE1E i I B
I SRR AT H S AR PN A B S AT H B R A
(] (R RE K, iR Y ST K B TR o A B A I 200
JEIIBEAR , BT HH 1 o K2 /)

3B AR B S 20 TC17 & &SR AR fE it
AT BEALL TR, 368 3 Ak 5~ 1 B0 A 77 R RIS [ P T VT
JEF 9 HOR 2R, T 5 S T o A Ak = 5 I TR Y

RE I TTT 2k, SRR 9650 C.
4) 3 AR AR Bl J) AR B TC17 A &1 TTT i
2 5EIR AR R A RA BRI S

SE 0K
[1] Cai Jianming( %% 2 BH), Mi Guangbao(7H 7 &), Gao Fan(# M)
et al. Journal of Materials Engineering(M ¥t T.F£)[J], 2016, 44(8): 1
[2] Yang Huabin(# %), Chang Hui(‘# #%), Cheng Jun([f %) et
al. Acta Metallurgica Sinica(4%:)J&5*4%)[J], 2002, 38(S1): 221
[3] Li Chenglin(Z= % #), Yu Yang(+ V), Hui Songxiao( ZFA%%) et
al. The Chinese Journal of Nonferrous Metals( " R 4 J& %
##)[J1, 2010, 20(10): 560
[4] Wang Qingjuan(F JK4H), Chen Qiang([4: 5%), Li Qiang(%% i) et
al. The 18th Annual Meeting of China Association for Science and
Technology(3 1+ /\ Ja 1 E R 4F£-42)[C]. Xian: CAST, 2016: 1
[5] Yu Xinping( 4% #7 “F), Dong Hongbo( = ik ). Transactions of
Materials and Heat Treatment( ¥4 K} # 4k B 22 3)) 1], 2014, 35(12):
37
[6] Appolaire B, Héricher L, Aeby-gautier E. Acta Materialia[Jl],
2005, 53(10): 3001
[7] Teixeira J D C, Appolaire B, Aeby-gautier E et al. Computational
Materials Science[J], 2008, 42(2): 266
[8] Dong Yi(# #%), Zhang Junjie(5K & %), Quan Xiuyu(4: 75 4%2) et
al. World Nonferrous Metals(1: 546 (1.4 J8)[J], 2021(8): 118
[9] Xu Bin(#% ), Wang Xiaoying(E 52 Z), Zhou Jianhua( J& & 1)
et al. The Chinese Journal of Nonferrous Metals("/' [E 15 th 4 )&
2E4R)[J], 2010, 20(S1): 167
[10] Xu Jianwei(#% 22 £), Ji Xiaoyu(Zc 5 7%), Tian Shengli( H i 1)
et al. Chinese Journal of Rare Metals( %5 4 4= J&)[J], 2024, 48(3):
317
[11] Deng Yuting( X8 FN 5%), Li Siqing(Z* VU %), Wang Xu( £ JH).
Journal of Materials Engineering(#1 ¥} TF£)[J], 2023, 51(12): 68
[12] Guo Ping( 8 ), Pan Hao(i#% %), Jia Guoyu( 5{ [ E) et
al. Rare Metal Materials and Engineering(#i 5 & J@ #1 Rl 5 L.
)71, 2022, 51(1): 301
[13] Kuang Yunhua(#t z %), Xin Zhouyuan( 3% & #%), Xu Yong(
58) et al. Hot Working Technology(FJII T. 1. 2)[7], 2024(4): 146
[14] Wang Hao(-E %), Hu Yining(#H147%), Wang Tao(E ¥%). Chinese
Journal of Lasers("H [EOE)[J], 2024, 51 (12): 1202301
[15] Chang Hui(# ¥%), Elisabeth G, Zhou Lian(J&l Jf). Chinese
Science Bulletin(F}%- 18 HR)[J], 2014, 59(10): 854
[16] Manda P, Pathak S B, Devi R S R et al. Metallography,
Microstructure, and Analysis[J], 2019, 8(4): 517
[17]1Du Z, Guo H, Liu J et al. Materials Science and Engineering
A[J], 2020, 791: 139677
[18] Li Shenlan(Z51H *%), Huang Zhiqi(#% & 1), Chen Weiping([4: 4
“F) et al. Transactions of Materials and Heat Treatment(#} F} #%
AEH 2RO [T], 2013, 34(4): 57
[19] Van LY, Vooijs S, Sietsma J et al. Metallurgical and Materials
Transactions A[J], 1998, 29: 2925
[20] Héricher L. Contribution a La ModéLisation Des Transforma-

References



9 1]

A4 BEE: TC17 &R AR AT AWHTT

* 2289

tions De Phases Dans Les Alliages De Titanes: Application a
L'Alliage f- CEZ[D]. Nancy: Institut National Polytechnique de
Lorraine, 2004

[21] Teixeira J. Etude ExpéRimentale Et ModéLisation Des
éVolutions  Microstructurales Au Cours Des Traitements
Thermiques Post Forgeage Dans L'Alliage De Titane Til7[D].
Nancy: Institut National Polytechnique de Lorraine, 2005

[22] Menone S K, Aaronson H. Metallurgical and Materials
Transactions A[J], 1986, 17: 1703

[23] Plichta M, Perepezko J, Aaronson H et al. Acta MetallurgicalJ],
1980, 28(8): 1031

[24] Russell K. Acta Metallurgica[J], 1969, 17(8): 1123

[25] Mraizika-Chaussy F. Evolutions Microstructurales En Com-
pression a Chaud Des Alliages De Titane BéTa-Cez Et 6246
Et Influence Du Forgeage Sur La Transformation BéTa Vers
Alpha[D]. Thése de doctorat, Grenoble: Grenoble INP, 1996

[26] Laude E, Gautier E, Archambault P et al. Revue de Métallur-
gie[J], 1996, 93(9): 1067

[27] Teixeira J D C, Appolaire B, Aeby-gautier E et al. Acta
Materialia[J], 2006, 54(16): 4261

[28] Zener C. Trans Aime[J], 1946, 167: 550

[29] Simonen E, Aaronson H, Trivedi R. Metallurgical Transac-
tions[J], 1973, 4: 1239

[30] Teixeira J D C, Appolaire B, Aeby-gautier E et al. Materials
Science and Engineering A[J], 2007, 448(1-2): 135

[31] Jones S, Bhadeshia H. Acta Materialia[J], 1997, 45(7): 2911

[32] Yuan Jiandong(3= # %), Yu Aibing(T- %% £%), Zou Pian(4l ) et
al. Rare Metal Materials and Engineering(¥i 15 4 J& Akl 5 T
F)[1], 2022, 51(1): 159

[33] Wu Nan( % ##), Cui Xuefei( £ % &), Wei Yanguang( 4% fi7
) et al. Journal of Materials Engineering(# ¥ T.#£)[1], 2018,
46(9): 115

Study on Isothermal Transformation Behavior of TC17 Alloy

Niu Yong', Wang Bingtao', Wang Yaoqi’, Zhu Yanchun'
(1. School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)
(2. AVIC Manufacturing Technology Institute, Beijing 100024, China)

Abstract: The isothermal transformation process of TC17 alloy was investigated by microstructure analysis and numerical simulation. The
experimental results show that TC17 alloy firstly precipitates a phase at or near grain boundaries. And with the increase in aging time, a large
number of needle-like a phases precipitated inside the grains, and the precipitated a phase gradually becomes fine with the decrease in aging
temperature. With the decrease in the aging temperature, the rate of precipitated a phase shows a tendency of increasing and then decreasing, and
both the phase transition driving force and solute atom diffusion rate reach the maximum matching degree at aging temperatures of 600—650 °C.
The maximum rate of precipitated o phase is reached currently. At the aging temperature of 600—-650 °C, the phase transition driving force and the
diffusion speed of solute atoms reach the maximum matching degree, and the rate of precipitating a phase reaches the maximum currently.
Numerical simulation results show that the precipitation rate of « phase is the fastest at an isothermal temperature of 650 °C, and the results are in
good agreement with the experimental results.
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