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Experimental study of inclusions in CP-Ti EB ingot by
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Abstract: The TA2 rolled and pickled coils produced by electron beam cold hearth melting (EBCHM)
often exhibits surface peeling defects. To address this issue, this study extracted inclusions from TA2 in-
gots via electrolytic extraction and investigated their three-dimensional morphology, type, and size dis-
tribution using SEM-EDS, while their origins were also analyzed. A dissolution model for titanium ox-
ides inclusion was developed using C code, and the removal mechanism and influencing factors were
analyzed. Titanium oxides accounts for 86.84% of the inclusions in the ingots, followed by smaller
quantities of Al,O;, composite inclusions, and high-density inclusions. The inclusion sizes predomin-
antly range from 80 pm to 300 pm. During dissolution, the surface layer of titanium oxides undergoes
phase transformation, forming a thin Ti,O5 layer. At 1 720 °C, complete dissolution of a 500 pm TiO,
particle requires 466.67 s. The content of inclusions in the ingot is inversely proportional to the rolling
surface quality. Increasing the melting temperature and reducing the melting rate are beneficial to im-
proving the purity of the ingot and the rolling surface quality.
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Fig.1 Schematic diagram of electron beam cold hearth furnace and EB ingot
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Table 1 The raw material ratio of different heat numbers

No. Raw material
1 Grade 2 and above sponge titanium + Grade 5 sponge
titanium + debris + TiO, powder
% Grade 2 and above sponge titanium + Grade 5 sponge

titanium + debris
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Fig. 2 Principle of electrolytic extraction for large inclusions
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Table 2 Electrolysis results of 1* and 2"

Inclusion particle size classification/(um-mg ")

Sample Electrolytic Inclusion Normalized weight/
P weight/kg weight/mg (mg-kg") <80 80 ~ 140 140 ~ 300 >300
1" 1.321 1.5 4.043 0.3 0.9 0.3
2 0.335 0.8 2.388 0.5 0.3

(a)(d) 80~140 pm; (b)(e) 140~300 pm; (c) >300 pm
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Fig. 8 Macro morphology of inclusions obtained by elec-
trolysis
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Table 3 Elemental content of inclusions %
C O Al Si Mg Ti Fe Cr Co Ni W
Titanium -, ée 43,9 4842
oxide
ALO, 6.66 45.1342.16 6.05
Complex

. . 9.1 49.5 8.96 29.392.15 0.89
inclusions

FeO, 13.8526.56

High-density ¢ ;35 7¢
inclusions

1.62 56.54 1.44
243 6.44 1.4521.0132.5714.09
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Table 4 Types and quantity proportions of inclusions in 1
and 2

Quantity/count

Inclusion type Proportion/%

I 2" Ssum
Titanium oxide 17 16 33 86.84
High-density inclusions 1 0 1 2.6
ALO; 0 1 1 2.6
Complex inclusions 0 3 3 7.9
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Table 5 Statistics of pickling defects in control group and experimental group

First pickling defects /(Count-m™") Second pickling defects /(Count-m ™)
No.
Upper surface Lower surface Upper surface Lower surface
E1117-2 0.293 0.48 0.505 0.253
Control group E1117-1 0.59 1.98 0.257 1.264
(Without T, addidon) 5 o4l e o 235
E1115-2 0.06 1.73 0.115 3.308
Average/m 0.416 1.298 4.62 1.6124
E1012-2 1.74 2.65 1.284 3.105
Test group E1011-2 1.243 2.96 1.02 2.52
(With TiO, addition) E1008-2 1.535 2.769 1.316 4.003
E1010-2 1.449 2.841 1.236 2.48
Average/m 1.492 2.805 1.214 3.027
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Fig. 11 Influence of melt temperature on the mass transfer coefficient and dissolution rate of inclusions
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