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Abstract: The oxygen content in aerospace-grade vanadium aluminum alloy has an important effect on the

properties of downstream titanium alloy materials. Aiming at the problem of high oxygen content in vanadi—

um aluminum alloy prepared by aluminothermic smelting the occurrence state of oxygen in VAl alloys

was confirmed by thermodynamic analyses.The oxygen in AIV85 preferentially combines with Al to gener—
ate a-Al,0; and then unites with V to form VO.The oxygen in AIV55 will combine with Al in the alloy to

form a-Al,0;.The optimum conditions of vacuum deoxidation were obtained by orthogonal tests. At super—

heat of 60 °C vacuum degree of 1 000 Pa degassing time of 5 min argon blowing and stirring for 2 min

the oxygen content of vanadium aluminum alloy can be decreased from 0.15% to 0.009 89% satisfying

the GfE requirements of aerospace-grade vanadium aluminum alloy.
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o 1. GIE AIV55 2,
9
° 1
Table 1 Chemical compositions of test materials %
° ? v Al Fe Si C 0 N
02 AlV85 81.49 16.61 0.263 0.211 0.165 0.223 0.038
o Al 0.082 99.75 0.093 0.036 0.039
. AIV8S (0.223%)
1 AlIV55 AlIV55 0.15%
GfE AIV85 AlV55
1.1 AIV5S5
( AIV55) AIVS5 .
2 GfE AlV55
Table 2 GfE standard of AIV55 %
A% Al Fe Si N H [0)
50~54 45~49 45~49  50~54 <0.40 <0.35 <0.04 <0.01 <0.10
B C S P Mo Cr Cu
<0.003 <0.10 <0.02 <0.03 <0.15 <0.10 <0.05
\4 Mn Mg Ni Pb
<0.015 <0.05 <0.25 <0.05 <0.10
1.2
2
- ( )
(100 mL ) (50 mL 2.1
) ( ELTRA ONH2000 2.1.1 AIV85
) o 1 AlIVS85 Al 16.61% V
1.3 81.49% O 0.223% .
AlV85
o 35
3 AlVS8s
o Table 3 The theoretical phase equilibriums of AIV85
AlVS85 1 a-AlL 04 1.00E+00
2 \Y 5.808 0E-01
o 3 Al 3.631 8E-02
=1 Co 1600 C 4 VO 1112 7E-02
3 AIVSS a-ALO,
o VO a-Al 0, 1.00 VO
200 C o 0.011 AlIV85
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a-AlLO,; VO, 2.1.3 Al-O
2.1.2 AIV55 Al-O Lo
AIVS5 Al 44% V 1 oAl 0,
55% O 0.15%.
4, 3.95 g/em®  AIV55
4 AlV5S °
Table 4 The theoretical phase equilibriums of AIV55
1825 liquid
1625
1 AIV8S 1.00E+00 1425
2 a-Al, 0, 1.00E+00 12251/ liquid+oa-ALOs(s) a-ALO;(s)
3 Al 2.002 0E-01 Z 1025
4 A% 1.952 5E-01 8251 Al()+a ALOs(s)
5 ALV3 1.791 6E-01 625F
4257 Al(s)+aALOs(s)
4 AIV5S a- =l | |
0 0.2 0.4 0.6 0.8 1
AL O, O/(Al+0)/(g-g™)
a-Al O, AIVSS
3 AIVES o . 1 AlO o (101.325 kf.’a)
Fig.1 Al-O equilibrium phase diagram
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Fig.2 V-O equilibrium phase diagram
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) .
N N o 50 mL/min
N 5.6, 3 o 4.
5 !
Table 5 Orthogonal test results and oxygen 1
content range analysis «— |
/ / (0] /
C Pa /min %
1 30 10 5 1 0.057 28
2 30 100 15 2 0.167 6 W
3 30 1 000 25 3 0.014 18
4 60 10 15 3 0.046 82
5 60 100 25 1 0.011 57 o
6 60 1 000 5 2 0.025 56 0.02 MPa °
7 90 10 25 2 0.071 99
0.06 MPa
8 90 100 5 3 0.008 98
9 90 1 000 15 1 0.036 8
1 0.079 7 0.058 7 0.0306 0.0352 3
2 00280 00627 0.0837  0.088 4 Fig.3 Schematic diagram of argon blowing device
3 0.039 3 0.025 5 0.032 6 0.023 3
0.051 7 0.037 2 0.053 1 0.065 1 0.12
0.10+ §
6
Table 6 Analysis of variance of test oxygen content 0.08 F
x
F F F g 0.06F =
S 0.05 0.01 e
A 0.004 435 2 0.6159 19 99 & 0.04
B 0.002 501 2 0.347 4 19 99 0.02
C 0.005 444 2 0.756 1 19 99 ’
0.007 2 2 0-00 1 1 1 1 1
0.019 581 8 0 2 4 6 8 10
W B 8] /min
4
N > ° Fig.4 Relationship between oxygen content
60 C . 1 000 and argon blowing time
Pa. 5 min,
4 2 min
A.B.C o
> > o
2.3 10 min
o 0.046 82%
0.022 89% 50% .
o 2 min o
2.4
( 60 C
o 5 min 1 000 Pa) 2 min
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7 AIVS5 AL0, VO; AIVSS5
Table 7 Main chemical compositions of AIV5S in aALO
vacuum refining stability test % %) 270
\Y Al Fe Si C 0] N

W1 50.84 48.68 0.18 0.21 0.05 0.008 98 0.023
W2 50.71 48.79 0.16 0.23 0.07 0.011 30 0.022
w3 5091 48.6 0.17 0.23 0.05 0.009 14 0.028
50.82 48.69 0.17 0.22  0.057 0.009 89 0.025 4
a-Al,0,
o
AIV55 . )
3) 60 °C 5 min
0.009 89% GfE ]
1 000 Pa 2 min
(e}
0.009 89%
1) AIV85 o
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