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Preparation and Characterization of Pure Titanium Ingots Prepared by Electron Beam Melting
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Abstract Pure titanium ingots were prepared by electron beam melting(EBM) of two titanium sponges having 99%
and 99.6% purity and a commercial Ti sputtering target of 99.995%. After EBM, metallic elements were analyzed by
GDMS(Glow Discharge Mass Spectrometry), ICP(Inductively Coupled Plasma). Carbon, oxygen and nitrogen were ana-
lyzed by the combustion method. The electrical resistivity and hardness were measured and explained in terms of the
non-metallic impurities. GDMS results showed that fourteen out of eighteen elements increased to various extents due
to the contamination during EBM and post treatments. The refining capability of EBM was demonstrated by melting
titanium sponges and most of metallic elements were reduced greatly. However, iron was difficult to reduce part of the
reason being the initial high content in raw sponges. The electrical resistivity increased linearly with oxygen and nitro-
gen content showing no relation with metallic impurities. The resistivity ratio (o i/ 0 :) revealed a sharp dependence
to the amount of gaseous impurities only when the total amount was below 1000ppm. The hardness of titanium in-
creased with the amounts of gaseous impurities showing a square root dependence on the oxygen equivalent.
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Table 1. Chemical composition of the 4N5 titanium sputtering target.

(unit : ppm)
Al Ca Co Cr Cu Fe Mg
1.2 <0.2 <0.1 0.3 <0.05 37 <0.01
Metallic Nm Mo Ni Si Sn Li Na
<0.005 <0.05 0.1 0.1 0.05 <0.005 <.026
K Zr Th 9] S
<0.01 0.6 <0.0005 <0.0005 <10
Non- C N O H
Metallic <10 13 254 39
Table 2. Chemical composition of as-received 99% and 99.6% titanium sponges.
(unit : ppm)
Element Fe Mn Mg Si Na Cr Ni Al Mo
Metallic 99% Sponge | 2000 20 300 40 200 100 60 40
99.6% Sponge | 800 100 400 100
Element C N 0 H Cl
Non-metallic| 99% Sponge <100 200 1600 20 900
99.6% Sponge 100 200 900 40 900
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Table 3. GDMS results of as-recieved Tosoh 4N5 targets and its EB button melted ingot.

Sample no. A B C
Element Target Target EB button
Li <0.005 ] 0.007 0.014
Na 0.026 0.03 0.063
Mg <0.01 0.016 0.059
Al 1.2 12 32
Si 0.1 0.126 0.228
K <0.01 0.013 0.157
Ca <0.2 0.077 0.154
Cr <0.3 0.3 0.2
Mn <0.005 0.006 0.358
Fe 3.7 34 3.0
Co <0.1 0.102 0.023
Ni 0.1 0.1 0.7
Cu <0.05 0.1 0.5
Zr 0.6 0.080 0.213
Mo <0.05 0.049 0.450
Sn <0.05 0.6 0.2
Thippb) <0.0005 0.00036 0.191
U(ppb) <0.0005 0.00047 0.00085
Total(ppm) 6.5070 6.20683 9.71085

A . As-received Ti target analyzed by Tosoh
B : As-received Ti target analyzed by =& 71534
C : EB button melted ingot analyzed by =& 71&-54d 4
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Table 4. GDMS results of Ti button prepared from 99% and 99.6% Ti sponges.

Sample no. D E
(99% sponge titanium) (99.6% sponge titanium)
Elements as received EB melted as received EB melted
Li 0.018 0.016
Na 40 0.433 0.267
Mg 300 0.04 400 0.042
Al 60 5.6 2.8
Si 100 0.551 100 0.108
K 0.063 0.023
Ca 0.099 0.081
Cr 200 22 1.0
Mn 20 0.039 100 0.091
Fe 2,000 1,631 800 183
Co 0.477 0.061
Ni 100 32 2.6
Cu 40 14
Zr 0.395 0.204
Mo 30 0.221 0.415
Sn 78.8 2.7
Th 0.310 0.081
U 0.013 0.0037
Total(ppm) 2,850 1747.26 1,400 194.89
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Table 5. GDMS analysis of EB drip melted ingots from 99.6% sponge.
Sample no. F G H I
Sponge
Element (1st melted) (2nd melted) (3rd melted) (4th melted)

Li 0.021 0.010 0.018 0.035

Na 0.063 0.043 0.065 1.034

Mg 400 0.024 0.028 0.048 0.171

Al 0.197 2.062 1.335 1.692

Si 100 0.115 0.230 0.116 0.421

K 0.606 0.043 0.644 0.686

Ca 0.164 0.109 0.165 0.088

Cr 0.915 0.339 0.708 2.511

Mn 100 0.028 0.044 0.030 0.012

Fe 800 417 21.6 111.3 55.6

Co 0.670 0.036 0.684 0.318

Ni 0.776 0.106 0.779 0.409

Cu 0.876 0.01 1.09 1.192

Zr 0.077 0.036 0.070 0.134

Mo 0.533 0.138 0.398 1.404

Sn 1.631 0.09 1.088 0.946

Th 0.003 0.020 0.002 0.003

U 0.00066 0.00029 0.00065 0.00085

Total(ppm) 1,400 48.40 2494 118.54 66.66
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Table 6. Analysis of Interstitial Impurities.

N Sample Gas Impurity (ppm)
0.
Designation Shape Oxygen Nitrogen Carbon Total
As received 6" target 434 10 215 659
Target
EB button melted button 325 12 278 615
As received sponge 1,600 200 100 630
99% sponge
© EB button melted button 1,048 100 144 1,292
ﬁ{

As received sponge 900 200 100 1,200

EB button melted button 3,186 38 173 3,397

1st EB drip melted ingot 2,974 67 208 3,249
99.9% sponge T

1st EB drip melted " 3,131 86 270 3,487

Ist EB drip melted " 3,309 106 167 3,582

1st EB drip melted " 3,932 136 137 4,205
A Mo2~EAF 2] Fets 12} EB 4-31%F 3ppme 2 i€ & E¢E59] Afddd &8 4 ddw 72 e H-has
Bastgded olf 22 o 338 §34% B A4es & 9% & glch Abhsl ik YRS A L9150
Fhaghe] AbRgt AsE T} ek o]’ AolHe] A FU1Ee Ao Z eyt 3 Ao A B 99.6
T4 Aol i NI AFEA]F Fesf 2|8k % 2~E A 2] 739 200ppm ol 4] &85 38~136ppme|
2 Aol7} 317) W AXE WeshA ek oA fﬂzxnv} A2 Zastsich U8 2EA RS AAEEEe) de AE
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4, AAH S4 e ogv;% sAe Ao eid 3
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Fig. 3. Variation of oxygen and nitrogen with number of melt-
ing.
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Table 7. Resistivity at room and liquid- N, temperatures.

) 2o

Aaggaged g 2E= et 615

o(n - m)
Sample Or/ One
RT N,
As received Target 4605+ 344 49.8+5.6 9.29+0.56
Button melted Target 465.8+60.3 495+5.6 9.40+£042
Button melted
523.8+19.8 124.2+74 422+0.10
99% sponge
Button melted
511.2+329 130.7+8.1 3.91+0.08
99.6% sponge
1st EB drip melted 587.3+315 140.9+9.3 4.18+0.20
2nd EB drip melted 554.3+48.3 148.4+19.8 3.76+0.23
3rd EB drip melted 564.0+96.2 146.9+24.2 3.84+0.10
4th EB drip melted 617.3+50.4 168.3+16.4 3.68+0.36
A deFg uty] diql Ao fehEch FFo] Tl o] 2 AYeld 3% Au|AFgRe =2 M =&
£ EB &34 &3 #uivje) 1—3—@}5}12} QEWS) 7haE  AEEAE L o A 43P A3} 461nQ - msk 466n
£9| ghol| ME stAEEE HAHET ol Bl HE Q- mE P 3 gE Bo|x glor 43 &t oJm
?& BAE 55T 7o) gHh 2o Aol A2 © ARAL 22 71 v ge] E
Mo g Ao 2 Jelddh v|AYL FEETETY g TRT
T FEe] AL FH5UY BeE 2y AV 3 AR Jehdon of2ldt AR 99.9% Folde 1R
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Fig. 4. Variation of resistivity with the amounts of interstitial
impurities.
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Fig. 5. Effect of total interstitial impurities on resistivity ratio.
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Fig. 6. Effect of oxygen and nitrogen on Vickers hardness.
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Fig. 7. Effect of oxygen equivalent on Vickers hardness.
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