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Abstract: The microscopic and macroscopic microstructural characteristics as well as the high-temperature mechanical
properties of ZTA15 cast titanium alloys were systematically investigated under various mass ratios of alloying elements.
Furthermore, the influence mechanisms of different casting processes on the microstructure and mechanical performance of
the alloy were explored. Single-cast test samples were fabricated through melting and casting procedures. Following hot
isostatic pressing and annealing, the chemical composition and mechanical properties of the samples were comprehensively
analysed to determine the optimal alloying element ratio range that results in superior overall performance. Additionally, a
comparative analysis was conducted on samples produced via two distinct casting techniques, investment precision casting
and graphite mold casting, to elucidate the specific effects of the casting process on high-temperature mechanical properties.
On the basis of the experimental findings, the optimal mass ratio range of alloying elements and the corresponding casting
process for ZTA15 cast titanium alloy under high-temperature service conditions of 400 C are identified.
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Tab.1 Chemical composition range of ZTA15 alloy P1
(mass fraction/%)
Al Zr Mo \% Fe Si C (6] N H Ti
5.9~6.3 1.8~2.1 1.1~1.6 1.5~2.0 <03 <0.15 <0.13 <0.16 <0.05 <0.01 Matrix
2 ZTA15 P2
Tab.2 Chemical composition range of ZTA15 alloy P2
(mass fraction/%)
Al Zr Mo \% Fe Si C (6] N H Ti
6.5~6.8 2.2~2.5 1.7~2.0 2.1~2.5 <03 <0.15 <0.13 <0.16 <0.05 <0.01 Matrix
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Tab.3 Parameters of the shell-making process
b b
Serial Parameter || Serial Parameter
s Parameter Parameter
number value number value
° Reinforce-
1 Top layer 2 3 7
ment layer
Transition 4 Sealing |
layer paste layer
3 ;
2 I 7 1
o
) b
o
b
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Fig.2 Schematic diagram of the sample pouring system
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Tab.4 Degassing process parameters ’
Vacuum Working  Insulation o 6.
) ) Remarks
degassing process temperature time X
i Heating rate 5~8 ‘C/min
<6.0 Pa 950+10 'C =2h ) i ’ > °
Exit temperature<<300 C
] b
1.2.3
b
b
’ 2
o
] N
P1
b
, F1; P2 707
o o
3 :(a) ;(b)
Fig.3 Casting mold: (a) ceramic shell; (b) graphite casting mold
5
Tab.5 Smelting and casting process parameters
Serial number Equipment Parameter Parameter values
1 Trolley type resistance furnace Shell preheating temperature (350+25) C
2 Trolley type resistance furnace Shell holding time =2h
3 Vacuum skull furnace Degree of melting vacuum <1.0Pa
4 Vacuum skull furnace Melting current 18 000~22 000 A
5 Vacuum skull furnace Melting voltage 35~45V
6 Vacuum skull furnace Cooling time =40 min
7 Vacuum skull furnace Metal cast 25 kg
1.3
6 o,
Tab.6 Hot isostatic pressing process parameters 400 C
Temperature Holding Holding Cooling Exit s
/C time/h  pressure/MPa mode temperature/‘C . ,
Furnace
920+10 2~2.5 100~140 ] <300 o
cooling
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Tab.7 Vacuum annealing process parameters

Temperature/ ‘C Holding time/h Vacuum degree/Pa Cooling mode Heating rate/(°'C -min™) Exit temperature/ C
725~735 2.5+0.3 <1 Furnace cooling 5 <300 C
8 F1
Tab.8 Measured chemical composition of the F1 sample
(mass fraction/%)
Element Al Zr Mo \% Fe Si C (6] N H Ti
Required .
5.9~6.3 1.8~2.1 1.1~1.6 1.5~2.0 <03 <0.15 <0.13 <0.16 <0.05 <0.01 Matrix
value
6.19 2.04 1.22 2.02 0.15 0.027 0.004 0 0.11 0.00300 0.000 7
Measured
| 6.18 1.97 1.22 2.04 0.15 0.014 0.004 0 0.12 0.00400 0.000 8 -
value
6.17 2.06 1.16 2.03 0.15 0.01 0.005 7 0.13 0.004 3 0.004 1
9F2
Tab. 9 Measured chemical composition of the F2 sample
(mass fraction/%)
Element Al Zr Mo v Fe Si C (6] N H Ti
Required
6.5~6.8 2.2~2.5 1.7~2.0 2.1~2.5 <03 <0.15 <0.13 <0.16 <0.05 <0.01 Matrix
value
6.60 2.26 1.82 2.22 0.152 0.030 0.006 0.13 0.005 0.003 2
Measured
| 6.63 2.24 1.80 2.20 0.152 0.032 0.007 0.15 0.003 0.001 6 -
value
6.62 2.20 1.78 2.18 0.147 0.028 0.008 0.15 0.003 0.002 2
10 F3
Tab.10 Measured chemical composition of the F3 sample
(mass fraction/%)
Element Al Zr Mo \% Fe Si C (6] N H Ti
Required )
6.5~6.8 22~25 1.7-2.0 2.1-2.5 <03 <0.15 <0.13 <0.16 <0.05 <0.01 Matrix
value
6.66 2.29 1.81 224 0.15 0.023 0.006 0.13 0.009 0.0019
Measured
| 6.62 2.26 1.86 2.25 0.15 0.029 0.006 0.14 0.016 0.0019 -
value
6.61 2.28 1.83 2.24 0.15 0.028 0.008 0.14 0.007 0.001 7
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4 F1.F2 F3
Fig.4 Comparative analysis of the element contents of F1, F2 and F3
A 10%; Ry
Tab.11 High—temperature tensile mechanical properties °
at 400 °C R, A ,
Test Date type R./MPa  Ry,/MPa  A/% Z1% N 5
temperature/ C  Index =622 =10 F1 R,
605 470 160 310 603.4 MPa. 5 i e, F2
607 465 16.0 28.0
R, 643 MPa,
400 F1 593 465 16.0 28.0
602 467 16.0 30.0 iF3 e
610 470 165 290 698 MPa, 5 . -
640 510 120 255 A ,F1 F2 F33
655 510 160 305 A=10% .
400 F2 640 500 12.0 20.0 F1 F2 ,
640 505 17.0 28.0
ZTA15 . Fl
640 490 16.0 39.0
695 520 160 315 Pl ’ AlZr .Mo.V
675 505 180 415 30~70 ;2 P2 ,
400 F3 695 525 18.0 395 70~100 o ,
715 545 195 420 , (400 C)
710 515 17.5 37.0
Rm N RpOZ N A Z F2 F3 P2 5
o 11 F1.F2 F33 . F2 ,F3
° o ,F3
11 5 JF1, s R. 700 MPa ,
F2 F33 A ( 6
, R, 622 MPa, ,
5 :(a) ;(b)

Fig.5 Mechanical properties: (a) tensile strength; (b) elongation after fracture
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Fig.6 Stress-strain curve: (a) F2 sample; (b) F3 sample
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Fig.7 Macroscopic metallographic structure: (a) F2 sample; (b) F3 sample
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Fig.8 Microstructures of the samples: (a, ¢) F2 central part; (b, d) F2 edge part; (e, g) F3 central part; (f, h) F3 edge part
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9 400 C :(a, c) F2 ;(b,d) F3
Fig.9 Macroscopic tensile fracture at 400 ‘C: (a, ¢) F2 sample; (b, d) F3 sample

10 400 C :(a, c,e) F2 ;(b,d, HF3
Fig.10 Microstructure of tensile fracture at 400 “C: (a, c, e) F2 sample; (b, d, f) F3 sample
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