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Abstract: To address the issues of lengthy processes, high costs, and insufficient homogeneity in titanium alloys
produced by vacuum consumable arc melting, this study developed a semi-continuous vacuum induction melting
process tailored for titanium alloys. Using this technology, a large-scale TA17 titanium alloy ingot was prepared, and
the uniformity of its chemical compositions was systematically evaluated. The results show that the distribution of the
principal elements (Al, V) in the ingot is uniform, with maximum deviations of 0.10% and 0.08%, respectively, while
the interstitial elements (O, N) are maintained at low levels with consistent distribution. The ingot prepared by this
process is further used for investment casting, and a comprehensive performance study is conducted on the prepared
cylinder castings and tensile specimens. The results demonstrate that the casting exhibits uniform chemical
composition, with extremely low burn-off rates of Al and V elements, while the contents of O and N elements both
meet the technical standards. The microstructure of the casting consists of a uniform basket-weave structure, with
minimal deviation in a platelet and f grain sizes across different locations. The room-temperature tensile properties are
excellent and stable, with tensile strength of (740+15) MPa, yield strength of (685+20) MPa, and elongation after
fracture of (10.5+2)%. This study confirms that this semi-continuous vacuum induction melting technology can

produce high-purity and homogeneous titanium alloy ingot, providing a reliable raw material foundation for high-

WESEH: 2025-12-03 quality titanium alloy precision castings.
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Table 1 Material parameters for preparing type shells

Structure layer Adhesive

Powder

Sand material

Surface layer Zirconium diacetate

Transition layer Silica sol

Back layer Silica sol

325 mesh electro-fused yttria powder
325 mesh fused zirconia powder

200 mesh molybdenum powder

60—120 mesh fused zircon sand
30—60 mesh molybdenum sand

15—-30 mesh mullite sand
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Fig.1 Schematic diagram of semi-continuous induction

melting method
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Table 2 Process parameters for semi-continuous induction

melting of TA17 titanium alloy ingot

Current  Power Frequency Feeding rate Casting speed
/A /KW /Hz /kg-min™’ /mm-min”’
1350 750 9000 4 14.5
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Table 3 Main process parameters of precision casting experiment

Fusion current Arc voltage Vacuum level Mass of casting
/A A% /Pa /kg

21000+1000 32-36 <0.9 300

TA17 K& S FFE TG, TEES I IR
30 min, HAPEAER TSR 2 200 °CLL T L.
Pt 7% 5 I TA17 8K & 4 55 Be 1 AT IV 5 s AR K AbHE,
HATZSHIE 4.
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Table 4 Hot isostatic pressing and annealing treatment process

parameters for TA17 titanium alloy casting

Process Temperature Pressure  Time  Vacuum  Cooling
/°C /MPa /h level/Pa method
HIP 920+10 140+10  2+0.1 — FC
Anneal  700+14 — 2 <0.9 FC

1.3 MR 7EE
1.3.1  #Hfm sy

N 82 BN 7 1 4% 1) €280 mm TA17 K
G e IR, BUREA B 2 fr, B REEX
S (R RNV 4 PN 505 DX 338 ) AF0 48 42 53 T (788 O ek £ 9
THO A7 42 X ) o SR FH PR & 5 88 1A R R T AN K 1
PRSI Rl 23 AT CEEAT A 52 B 4) 43 AT
===y~ 200 mm

Single ingot area

________ F- 150 mm
0 35 70 105 140

——— —0——

-------- F- 100 mm

________ __50 mm

keo=f-coh- O mm

B2 TA17 Bk& &5 SEBURE AL B o 2 B
Fig.2 Schematic diagram of sampling locations for TA17

titanium alloy ingot
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microstructure analysis of casting
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Fig.5 Distribution of Al and V element contents at different locations from ingot center: (a, b) Al element; (c, d) V element
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Fig.6 Distribution of O and N element contents at different

locations in single ingot area and interfacial area
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cylinder casting
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