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Abstract

The refining effect of tantalum by electron beam melting(EBM) process for recycling tantalum scraps was investigated in the
study. The purity of the tantalum metals refined by EBM was evaluated using glow discharge mass spectrometry (GDMS). From
the result of GDMS, most impurities in the tantalum metals were removed by EBM down to a few mass ppm levels. The purity
of the refined tantalum scraps was improved up to 5N (99.9991%) from 4 N (99.996%) of the initial tantalum scraps. The amount
of metallic impurities in the tantalum was decreased from 30 ppm to 8 ppm. In addition, the gaseous impurities in the tantalum
were decreased from 470 ppm to 50 ppm. Therefore a possibility of refining method for recycling tantalum scraps by EBM pro-
cess was confirmed in this study.
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Fig. 1. Flow diagram of the experimental procedure.

Fig. 2. Photographs of (a) Ta scraps, (b) Ta compaction.
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Fig. 3. Photographs of (a) second melting, (b) fourth melting
(c) sixth melting (d) eighth melting.
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Fig. 4. Weight loss of Ta buttons after EB melting as a
function of melting time.

35 80
- [ Removal degree
o @ Metallic impurities |

wfp &

s

\ = qn

20F \

F o-———ro | ]

s Jw
sk ]
0: 1 1 1 1 1 ]

30
0 1 2 3 4 5 6 7 8

Concentration of metallic impurity / ppm
Removal degree / %

Melting times

Fig. 5. Removal degree of metallic impurities in the Ta
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Table 1. GDMS results of metallic impurities in the Ta metals refined by EBM (Unit:ppm)
Impurity Raw Second Melting Fourth Melting Sixth Melting Eighth Melting
Li .012 .008 .004 .005 .005
Be .004 .003 .002 .002 .002
B .008 .005 .003 .003 .003
F .29 0.110 .05 .055 075
Na .007 .005 .002 .002 .003
Mg .006 .004 .002 .002 .003
Al .005 .004 .002 .002 .002
Si .016 .054 0.006 .004 .003
.008 .006 .003 .003 .004
011 .007 .004 .004 .005
Cl .007 .087 0.005 .003 .003
K .01 .04 0.01 .006 .008
Ca .06 0.04 0.02 .025 .025
Sc .006 0.004 .002 .002 .002
Ti .003 .007 .001 .001 .001
\% .003 .002 .001 .001 .001
Cr .009 .009 .003 .003 .004
Mn .005 .003 .002 .002 .002
Fe .006 .044 .007 .008 .001
Co .003 .008 .001 .001 .001
Ni .006 .004 .002 .002 .003
Cu .061 014 .007 .008 .009
Zn .029 .02 0.01 011 013
Ga .02 015 .008 .009 .01
Ge .04 .03 .015 .016 018
As .014 0.01 .005 .006 .006
Se 0.17 12 075 .07 075
Br 0.05 .03 015 .02 015
Rb .008 .006 .002 .003 .004
Sr .004 .002 .002 .002 .002
Y .004 .003 .002 .002 .002
Zr .01 .006 .004 .004 .005
Nb 4.8 11 9 6.1 6.6
Mo 0.21 0.43 0.27 0.22 0.17
Pd .02 012 .006 .007 .007
Au 10 35 0.75 0.68 0.45
The others 14.533 1.704 1.413 1.416 1.361
Total 30.458 17.356 11.716 8.710 8.903
removaldegree(%) - 43 61.5 71.4 70.7
Purity 99.99695 99.99826 99.99883 99.99913 99.99911
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Fig. 6. Concentration changes of gaseous impurities in Ta
ingots refined by EB melting with melting times.
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Table 2. GDMS results of gaseous impurities in the Ta metals refined by EBM (Unit: ppm)
Impurity Raw Second Melting Fourth Melting Sixth Melting Eighth Melting
C 0.68 17 83 8.6 7.6
N 260 100 20 20 8.1
(6] 210 57 23 27 35
Total 470.68 174 513 55.6 50.7
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