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Abstract: The effects of Mo and Zr on the microstructure and mechanical properties of a novel a+@ titanium alloy, Ti575,
were investigated. Ti575 alloys with different contents of Mo and Zr, including Ti-5Al-7.5V-0.5Si (Ti575), Ti-5Al-
7.5V-1Mo0-0.5Si (1Mo), Ti-5A1-7.5V-1Zr-0.5Si (1Zr), and Ti-5Al-7.5V-0.5Mo-0.5Zr-0.5Si (0.5Mo-0.5Zr), were obtained via
vacuum arc melting. The four alloys were treated with B single-phase region solution at 940 ‘C for 1 h, followed by
two-phase aging at 550 ‘C for 6 h, and then subjected to tensile testing and microstructure characterization. The
experimental results show that with increasing Mo content, the lamellar a and secondary o sizes of the Ti575 alloy
significantly decrease. The refining effect of Zr on the « phase is weaker than that of Mo. Zr addition reduces the
nucleation energy of silicide. Many silicide precipitates are observed in the Ti575-1Zr alloy, whereas no significant silicide

is observed in the Ti575, 1Mo and 1Zr alloys. For the Ti575-1Mo alloy, Mo has a significant solid solution strengthening
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effect, and the o refinement of the lamellac and secondary microstructure significantly shorten the mean free path of

dislocation slip. Therefore, the tensile strength (UTS) of the alloy is significantly greater than that of the Ti575 alloy, while
the elongation (&) decreases accordingly (UTS: Ti575:956 MPa, 1Mo: 1 046 MPa; &, : Ti575: 13.6%, 1Mo: 9.4%). For the
Ti575-1Zr alloy, the lamellar o and secondary a are not significantly refined compared with those of the Ti575 alloy, and

the strength improvement is attributed to the solid solution strengthening of Zr and the silicide precipitation strengthening.

However, the strain mismatch between the silicide and the matrix promotes pore nucleation and decreases the rate of
elongation (UTS: Ti575; 956 MPa, 1Zr: 995 MPa; &; : Ti575; 13.6%, 1Zr: 10.8%). For the 0.5Mo-0.5Zr alloy, on the one

hand, 0.5 wt.% Mo can refine the o lamellar structure without making it too tiny. On the other hand, 0.5 wt.% Zr not only

plays a role in solid solution strengthening but also avoids excessive precipitation of interfacial silicides.Compared with that

of the Ti575 alloy, the strength of the 0.5Mo-0.5Zr alloy is greatly improved under the combined action of Mo and Zr,
while its plastic loss is insignificant, leading to the best strength-ductility synergy(UTS: Ti575: 956 MPa, 0.5Mo-0.5Zr:

1 053 MPa; g : Ti575: 13.6%, 0.5Mo-0.5Zr: 11.8%).

Key words: Ti575; Mo content; Zr content; strength and plasticity
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Tab.1 Actual compositions of Ti575 alloys with four
different compositions
(mass fraction/%)

Alloy Ti Al \Y% Zr Mo Si
Ti575 86.39 545 7.60 - - 0.56
1Zr 85.17  5.46 7.76 1.05 - 0.55
1Mo 85.67  5.22 7.51 - 1.01 0.59

0.5Mo-0.5Zr  85.21 5.33 7.76 0.52 0.56 0.61
W RS 1.5 mmx2.0 mm B BOIR BEApiaEs, ReE
WK 2 s, SRABSE T ORI (Zwick/Roell
laserXtens1-15 HP) ¥ Zwick/Roell Z 5.0 TN $i7 ff #ll
HATHIAP S, N AR 1107 /s, >k H TESCAN
Clara GMH 494 1 52 & 73 52 (SEM) X 4 F & 4 i
W 4047 5 B A 2T T T B i VSR 1Y
EAETEALL OGS R FA TR 1y HF:HNO;:H,0=1:
1:8 1 b R R AT ik, B NS B e M o BT

B 1 4 FpARTR R TiSTS & 4l & 5 A B T 25

Fig.1 Preparation and heat treatment of Ti575 alloys with four different compositions

P2 F iR R 5 ok s 2K

Fig.2 Schematic diagram showing the size and sampling position of the tensile sample
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EH R RS 43 308 15.76 5 12,18 wm, MK JF 1R
Ti575 G419 18.3 pm 433> T 13.9% 5 33.4%;
A o FZREEY 5 115 5 1.30 wm, M4 R i
Ti575 A4 1) 1.58 um4r 51> T 27.2%5 17.7%.
XF1Zr G4 H o FEBARS(1632 pm) 5 .4 o
F )2 RGE(1.65 pm) Fl s 4R TiS75 & &M, IR &
EREAL, JE— X 4 F A 4T RS SEM

K3 4

WL, e WA XA T B A B8 4 Fh & SR 2 o
R FE AT B AN IIHT T 9K R IR AE o M, 5
F 2 o BALFUERZSRL, AHES TIRAATISTS A4, it
Mo JCE FMALIE TR offl, T Zr J6 % 5 Wi 5
AN E . TiS75, 1Mo, 1Zr, 0.5Mo-0.5Zr &4 K 4E o
A B JEE 43 1A 107.26, 82.66, 101.08 K 86.21 nm,
EHAEFEENZE, 7 1Zr 5480 H K E Akl
Py, AR AR 3 A 1 TiSTS A 4 oR Mg
F, 4 FE 2 BMALSEINE 2 iR,
F2AMESEMARSHGIT

Tab.2 Statistics of the microstructure parameters of Ti575
alloys with four different compositions

Lamellar a colony Single lamellar @ Secondary o

Alloy

thickness/pm thickness/pm thickness/nm
Tis75 18.30 1.58 107.26
1Mo 15.76 1.15 82.66
1Zr 16.32 1.65 101.08
0.5Mo-0.5Zr 12.18 1.30 86.21

B IR AL AT - (al~a2) TiSTS; (b1~b2) 1Mo; (c1~c2) 1Zr; (d1~d2) 0.5Mo-0.5Zr

Fig.3 Initial microstructures of Ti575 alloys with different compositions: (al~a2) Ti575; (b1~b2) 1Mo; (c1~¢2) 1Zr;
(d1~d2) 0.5Mo-0.5Zr
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T 31.01%7%1 20.82%, *FF 0.5Mo-0.5Zr & 4, Hidt
Prok EE A 4 FhA 4 b iR (1 053 MPa), [al iR 45 T
B R AT B (11.8%), PLAREE TR 0.5Mo-0.5Zr
A4 Has R SIS L

4 A BWAIF S TiSTS & 4 TARRE Sy 0 A8 1t 48
Fig.4 Engineering stress-strain curves of Ti575 alloys with four
different compositions
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FUTEGR B ARRIY AR TE VMR BE 1 4R55 . 4Fh A &
(W 1R AR 5 TR R 7 -y AR B 2R 45 SRA W &

XiF 4 Fofr B 4 P AR T 11 BT A0 AR B A0 2 AT i —
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VT W AR 2B AR o R HLIT IE BT A
2 o FERLE R ORI T R E AR . 1% Mo
TCEMMAREARLT F)Z a M, 7 1Mo & £ Wi 1
BRI AR L2 3] 2 oo WL AT SR I B AR 4 TR
F2E o, 42 o SREET & BB AR 18025 . (HARIE
R, TE 1Zr 45 4 By U 10 B 3 00 2% 1) Kk 4 il 4 8¢
FLIA . XL TR A SEM WEE , & A 7ERE Tk Ak
Py WORL , E W R AL AT AR S SO BT A A i
(EAF R, TR 5 5R G 4 2 IR AR i 25 55
RS 5 4 BEARAE R ARAE T A2 ™ B A B, £
FEREAL AT A 7 A W) S R PE AR
2.4 Mo.Zr TEX Ti575 5 & BB R E

G A TCE N2 5 R TiS75 & 4 Wi 4
TS AT AT 2R e G A A e . Wk 2
fi7R , 1Mo 5 0.5Mo 5 & MR 2 o FIERST ., A
F)Z o NP kA o RSP G Tis75 & 4
FAAL M 1Ze & &AW X R Mo T &
XA IR E AR Ze STCR BN % . Mo JCE XS
LU A AR AE FH AT A i A% 5 805 B R BOm Oy

& 5 4 FlOR[E RS> TiST5 & 4 AR I HRFAE « (a) TiS75; (b) 1Mo; (¢) 1Zr; (d) 0.5Mo-0.5Zr
Fig.5 Tensile fracture characteristics of Ti575 alloys with four different compositions: (a) Ti575; (b) 1Mo; (¢) 1Zr; (d) 0.5Mo-0.5Zr

https://www.cnki.net



SRl ESpRI ]

<678 FOUNDRY TECHNOLOGY

Vol.46 No.07
Jul. 2025

K 6 4 FpAR RS TiST5 A 448 L 41 81FRE « (a) TiS75; (b) 1Mo; (¢) 1Zr; (d) 0.5Mo-0.5Zr
Fig.6 Deformed microstructure characterization of Ti575 alloys with four different compositions: (a) Ti575; (b) 1Mo; (c) 1Zr;
(d) 0.5Mo-0.5Zr
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B4 N AR WS B KA AL BT TS Ze 5 4k
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0.5Mo-0.5Zr & 4 7E R 47 1 & 9k 2 0y [W) I, A 4%
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A &5 T sh bk, T s I S g6 v, B, X 1Mo
B4, HEREEM HE IR TiS75 & 474 100 MPa
B ) B, SR IE 30%, X T 1Zr 45, Zr JG
FHINAI K B E AL o A1, e R, 1Ze A 4
5 B HETF EEIH N T Zr JU K B SR AL UL L REIE Y
BTt I S 1 B T SR AR SRR A A AT A
Yk i A S ik, AR T 2 R kAL 4 B 3 JE R K
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