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Abstract: Low-oxygen pure titanium ingots are the foundation for the production of high-performance titanium alloys.

Reducing the oxygen content in pure titanium ingots to extremely low levels can significantly enhance the fracture

toughness and plasticity of titanium alloys, having irreplaceable strategic value in high-end application fields. This

paper analyzes the sources of oxygen impurities during titanium tetrachloride synthesis, titanium sponge production

and pure titanium ingot melting, and explores the control strategies. Through analysis of impurity origins and

validation of control measures, this study demonstrates that oxygen impurities are controllable during production,

establishing a comprehensive and reliable set of techniques for manufacturing low -oxygen pure titanium ingots. This

research not only advances the technological levels of titanium tetrachloride, titanium sponge, and pure titanium ingot

preparation, but also provides valuable insights for technicans in related fields.
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Table 1 Commercially pure titanium grades and impurity content requirements
Grade Fe C N H (0]
TAO <0.15 <0.10 <0.03 <0.015 <0.15
TA1 <0.25 <0.10 <0.03 <0.015 <0.20
TA2 <0.30 <0.10 <0.05 <0.015 <0.25

R2 TEFETVAKRNESEEZREETEN A

Table 2 Oxygen content requirements of different grades of commercially pure titanium and their main application fields

Grade classification Oxygen content/%

Main application fields

General-purpose CP titanium 0.15-0.30
Special-purpose CP titanium <0.06
Electronic-grade high-purity titanium <0.02
Ultra-high purity titanium <0.01

General structural components for chemical engineering, marine

and aviation applications

Key components for aerospace, national defense and military
industries, as well as biomedical applications

Semiconductor sputtering target

Integrated circuit chips; aerospace alloys with damage tolerance
properties
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Fig.1 Solubility of TiOCI: in titanium tetrachloride at various

temperatures
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Table 3 Oxygen content test results of TiCls before and after implementation of the control method

TiOClL Oily carbon (C-H-O) CCL:COCl Total oxygen content
/(mg-kg™") /(mg-kg™) /(mg-kg™) in TiCls/(mg-kg ™)
Before implementation 65.1 423 8.6 110
After implementation 30.5 12.3 0.56 60
One-month continuous oxygen content testing 32.5 14.3 0.77 62
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Table 4 Effect of chlorine content in titanium sponge on oxygen content of ingot

Oxygen content of titanium sponge

cl 0.025% 0.030% 0.035%
content/%
Ingot head/% Ingot bottom/% Ingot head/% Ingot bottom/% Ingot head/% Ingot bottom/%
0.035 0.030 0.030 0.037 0.036 0.042 0.041
0.050 0.031 0.030 0.037 0.035 0.042 0.042
0.065 0.033 0.032 0.038 0.038 0.043 0.042
0.080 0.034 0.034 0.039 0.038 0.043 0.043
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Table 5 Oxygen content of pure titanium ingots at various

leak rates

Leak rate Average oxygen

Vacuum condition

/(Pa-min™!) content/%
<0.8 Good 0.030
0.8-1.3 Qualified 0.031
>1.3 Slight air leakage 0.032
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Fig.2 Photographs of lateral radial oxygen-enriched layer of pure titanium ingots at different tapping temperatures:

(a) 400 °C; (b) 150 °C
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Fig. 3 Photographs of axial oxygen-enriched layer on the top face of pure titanium ingots at different tapping temperatures:
(a) 400 °C; (b) 150 °C
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Table 6 Oxygen content of pure titanium ingots before and after implementation of the control method

Before implementation

After implementation

No. No.
Ingot head Ingot bottom Ingot head Ingot bottom
1# 0.033 0.034 6 0.027 0.028
2# 0.031 0.033 7* 0.027 0.027
3* 0.034 0.034 8" 0.026 0.027
4% 0.033 0.035 9* 0.025 0.026
5% 0.033 0.034 10% 0.025 0.026
Average 0.033 0.034 Average 0.026 0.026
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