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Table 1 Nominal chemical composition of the TC25 alloy and
TC25G alloy (wt%o)

Alloy Al Mo Zr Sn W Si Ti
TC25 6.6 2 1.7 2 1 0.2 Bal
TC25G 6.5 4 4 2 1 0.2 Bal

&l 1 TC25 &4 ()l TC25G &4t (b) B4l 4R
Fig.1 Microstructure of the TC25 alloy bar(a) and TC25G alloy bar(b)
*2 AERHREEE
Table 2 Heat treatmentprocess of the TC25 alloy and TC25G

alloy
Alloy Tp Heat treatment process
TC25 1020°C 960°C/2h,AC+550°C/6h,AC
TC25G  965°C 945°C/2h,AC+560°C/8h,AC
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Table 3 Mechanical property of the TC25 alloy and TC25G alloy

after heat-treatment

o

E—:C

Alloy | Sample Rm Rpo.2

>
N

KUz
/IMPa | IMPa | /% | /% | /J

1 1023 | 871 16 | 46 | 433
TC25
2 1038 | 889 13 | 43 | 474
1 1142 | 1007 | 16 | 38 | 27.6
TC25G
2 1138 | 997 17 | 37 | 30.7

550°C 550°C/100h,AC
Alloy | Sample | R, Rm | Rpo2 A Z
/MPa | /IMPa | IMPa | /% | /%

1 719 1060 | 948 14 34
TC25
2 734 1053 | 944 13 31
1 805 1159 | 1048 | 14 35
TC25G
2 814 1155 | 1042 | 15 32

Rm/MPa

800 500
TC25 TC25G TC25 TC256
Aloy Alloy

TC25 TC25G
Alloy

] 2 TC25 &Ml TC25G A < ir {5 L Ao 044 0
(a) IR LA 5IRFEE, (0)550 C A 55 FZ, (c) il b i 1k

Fig.2 Comparison of tensile strength and impact toughness of the
TC25 alloy and TC25G alloy(a)room temperature tensile strength,
(b)550°C tensile strength, (c) room temperature impact toughness
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Fig.3 Microstructure of samples after thermal exposure of TC25 alloy
(a) and TC25G alloy (b)
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Fig.4 Fracture micromorphology of tensile samples after thermal
exposure of TC25 alloy (a) and TC25G alloy (b)
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Fig.5 Macroscopic fracture morphology of room temperature impact
samples of TC25 alloy (a) and TC25G alloy (b)
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Fig.6 Micro-fracture morphology of room temperature impact

samples of TC25 alloy (a)(b) and TC25G alloy (c)(d)
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Fig.7 Microstructure of fracture sections of room temperature impact

samples of TC25 alloy (a)(b) and TC25G alloy (c)(d)
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Fig.8 Location of selected points for fracture energy spectrum analysis

of TC25G alloy tensile (a) (b)and impact (c) samples
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Fig.9 Comparison of precipitates energy spectrum results in fracture
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morphology of TC25G alloy
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Fig.10 Line scanning energy spectrum results of TC25G alloy
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Fig.11 Distribution of dislocation morphology in TEM microstructure

of TC25 alloy(a) (b)in B phase, (c)(d) in primary o phase
oy J'; -

Kl 12 TC25G &4 TEM B4R AL s TR 3R 43 A f 150
Fig.12 Distribution of dislocation morphology in TEM microstructure
of TC25G alloy

AR LA B4R, 4RI TC25G &< ihdi
P, HEMSRAGRA RaF R BIvEILAS, wldd ] &4
tZr M0 Si TTERIEE, IR ZSi (EY R
FERIER b, S ERMEIE KO Zr TR E &
w(wtob) B TR B % R0, IG5 BAT TR b 1tk e
() Zr TSR . WAL TC25G A 455 8T+ i

PRI R W ACT,  BETRAS BAT St )
EHUNUERE e

3 g

(1) TC25G A& TC25 &4 HA MR,
HE R EIEBAR. TC25 A 4hifiik I b (74 75
PR DA R R, DAERRIE RN 3, TC25G &4
FLARWT O R A KRESMPIE, WEREA—, L)
PEWT LN AE TC25G & &b 1 o K0 s A7 e —
BORAT HAE, BERE 4 BT R BA W O R T AR ZrSi B
TizrSi th &4

(2) TC25 A& Wi MAZLEZ N/, W m, [T
REZ] 10~20um, FRFALFYIA o AR ST, W
F1E i 2 2R SR A — s ) A o AR SR B . TC25G &
SWRm EMNEIRE AN E, BRGFESYIE o t,
WA o HIATEBBIRTIE . TC25 & &R8UEMEkE
B, HRMAREUGEIHIAE o M, (EEARAE L,
1M TC25G & 4 L SUEW] A o AH SRR A H ZE AR R SR —
FE, REUEHERATH .

(3) #£ TC25G & & H At HAHVE IEPEAR, FERR
IVEIX NI EUES GTENT AR B AR A R A%, TR
Y FRIEFBFERLY R, RRBYEX AL i
HARE B T RO e URay R BN 2 KA
Bk, XPRRERSUE R X T AR AN A AE LT
ek F Ly B IHLE], BN TC25G & & FMERTRLM A
HRHLH] o

(4) TC25 &&H W& o AHFNEARAE RSB fEEN T
R LA K A7 #E5 FE AR . TC25G & 4 P AR T B8 R A 4
ERBEWEZ T TC25 &4 MMM AL Z M
PO ZER, TP AR B R SR A AR . AR ZE R K
T R AU AR, RITREEE KR, A
S A A b R .

S%Hk  References

[1] Xianlong Wang, Jinchuan Jie, Shichao Liu et al. Journal of
Materials Science & Technology[J],2021,61:138

[2] Yuanfu Liu, Yonglin Zhou, Qian Zhang et al. Journal of Alloys
and Compounds[J],2014,591:251

[3] Jianjun Liu, Yuan Bai, Pengwan Chen et al. Journal of Alloys and
Compounds[J],2013,555:375

[4] Y. Jiao, L. J. Huang, S. Wang et al. Journal of Alloys and
Compounds[J],JALCOM 40772

[5] M. Bulanova, S. Firstov, |. Gornaya et al. Journal of Alloys and
Compounds[J],2004,384:106

[6] Zhang Danhua(5kK J}4£), Dong Di(E#7), Xiong Ning(f&7*) et al.



Wi A RS TR A

Rare Metal Materials and Engineering (Fifs & /@M B 5 T
T£)[J],2024,53(5):1458

[7] N.H. Salpadoru, H.M. Flower. Metallurgical and Materials
Transactions A[J],1995,26A:243

[8] Xu Feng(#:%), Li Geping(Z= /& -F), Yang Rui(#%i). Acta
Metallurgica Sinica (& J&%+#})[J],2006,42(7):770

[9] Yan Ying(%i%), Han Dong(¥i 7<), Cao Mingzhou(# & ).
Chinese Journal of Materials Research( #1 ¥} #F % % %)
[9],1996,10(6):587

[10] A. K. Singh, C. Ramachandra. Journal of Materials
Science[J],1997,32:229

[11] Juan Li, Jianming Cai, Yaqun Xu et al. Materials Science &
Engineering A[J],2020,774,138934

[12] N. E. Paton, M. Mahoney. Metallurgical Transactions
A[J],1976.11,7 A:1685

[13] A. P. Woodfield, P. J. Postans, M. H. Loretto et al. Acta
Metallurgica Sinica[J],1988,36 (3):507

[14] H. M. Flower, P. R. Swann, D. F. West. Metallurgical
Transactions[J].1971.12.2:3289

[15] A. Madsen, H.
Engineering[J],1994,A177: 63

[16] J. K. Fan, J.S. Li, H.C. Kou et al. Materials Characterization[J],
2014,96:93

[17] Maximilien E. Launey, Robert O. Ritchie. Advanced Materials[J],

Ghonem. Materials Science and

2009,(21):2103

[18] Robert O. Ritchie. International Journal of Fracture[J],1999,
100:55

[19] G.
A[J],1998,243:32

[20] Zhong Qunpeng( % # WS ), Zhao Zihua( & + % ).
Fractography( r 0 %%) [M].Beijing:Higher Education Press,
2006.6:131,178

Lutjering. Materials Science and Engineering

[21] Derek Hull. Observing, Messuring and Interpreting Fracture
SurfaceTopography (I 55 2%- W52 . I &0 43 #r I O 3R TH T2
FiHIAL2E) [M].Beijing:Science Press,2009:233

[22] Lei Lei(F##), Zhu Qiwei(4¥H), Zhao Qinyang(XZ=FH) et al.
Rare Metal Materials and Engineering (%ifi & )& k5 L
7£)[J],2024,53(5):1449

[23] Kezhao Zhang, Longchang Ni, Zhenglong Lei et al. Materials
Characterization[J],2017,123:51

[24] Larry Kaufman. Calphad[J],1979,3(1):45

[25] Wang Jinyou(F-4: /), Ge Zhiming(% &£ 8), Zhou Yanbang(Fi
E ). alloy( i = M % &
4:)[M].Shanghai:Shanghai Scientific & Technical Publishers,
1985:34

Aerospace titanium

Study on the precipitation phases and their effects on the strength and toughness of
Ti-Al-Zr-Sn-Mo-W-Si system thermal strength titanium alloy

Zhang Xiaoyuan*?, Li Fuguo®", Du Yuxuan?, Liu Xianghong?, Wang Kaixuan?, Li Jieyao?, Song Minglong?
(1.Northwestern Polytechnical University, Xi’an 710072, China)
(2.Western Superconducting Technologies Co., Ltd., Xi’an 710018, China)
Abstract: Comparative analysis of the differences in tensile strength and impact toughness between the TC25 alloy and TC25G alloy of
Ti-Al-Zr-Sn-Mo-W-Si system titanium alloys was carried out, and the root causes of the differences in impact toughness between the two alloys
and the alloy strengthening mechanism were elucidated through the observation of the SEM fracture morphology and the analysis of the TEM
microscopic deformation mechanism. The results show that the precipitated phase in the impact fracture of TC25G alloy is ZrSi or TiZrSi
compounds, which plays the role of second-phase reinforcement and is conducive to the enhancement of the alloy strength, and the precipitates are
conducive to the extension of impact cracks, thus reducing the impact toughness of the alloy. TC25 alloy impact fracture microstructure cracks
generally extend along the primary a phase phase boundary, while TC25G alloy impact fracture microstructure cracks through the primary o phase;
so that the TC25 alloy crack extension path longer, and thus the alloy has a higher impact toughness. TEM observations show that the number of
dislocation slip traces and dislocation plugging in TC25G alloy is significantly higher than that in TC25 alloy. The presence of a large number of
plugged dislocations in the vicinity of the precipitates in TC25G alloy results in significant strengthening, leading to a higher strength of the alloy.
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