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Abstract ; In this paper, we report the processing technology of single crystals of high-purity refractory metals and alloys,
and compare the electron-beam floating zone melting( EBFZM ) with the plasma arc melting( PAM ). By EBFZM, the tem-
perature gradient could be controlled easily and the contamination by crucible materials is avoided, whereas the surface
tension of melt is sensitive to the active impurity content and the temperature gradient. Furthermore, the dimensions of
high-purity refractory metals and the monocrystalline materials are severely limited and the dislocation density in the mate-
rials is relatively high. PAM has the advantages such as high energy density of heating and various specifications of raw
materials, by which the single crystal castings could be processed in the shape of rod, plate, tube and other specific
shapes. Meanwhile, the impurity elements (especially carbon) are maximally removed. However, the equipment is com-
plex and the dislocation density is high. We also discuss the status of development for single crystal materials, such as im-
proving the resistance to high temperature and stablilty by solid-solution strengthening. The processing of single crystal
tubes is also an interesting topic. We make some suggestions on the processing technology and developing prospect for sin-
gle crystals of refractory metals and alloys.

Key words: single crystals of refractory metals and alloys; electron-beam floating zone melting; plasma arc melting;
solid-solution strengthening
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Fig. 1 The schematic diagram of EBFZM: (1) feedstock bar,

(2) focusing system, (3) filament, (4 ) melting zone,

(5) seed
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Fig. 3 The schematic diagram of PAM used in processing refrac-
tory metals single crystals; (1) tungsten electrode, (2)
plasma torch, (3) feedstock bar, (4) molten pool,
(5)seed, (6)droplet, and (7)electric arc
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Table 1 The contents of impurities in W single crystals fabricated

by different methods(ug/g)

Sample C 0 Si
High purity W feedstock 100 50 15
Single crystal by EBFZM 5 1 7
W Single crystal by PAM 0.2 1 3.5
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Fig. 4 The schematic diagram of optical floating zone furnace(a) and molten zone of single crystal growing(b)
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Table 2 The development history of Mo, W and their alloy single
crystals in Russia

Years Single crystals of refractory metals and alloys
1968 ~ 1970
1970 ~ 1972

1973 ~1976

Molybdenum alloy single crystals
[111] Molybdenum single crystals
Molybdenum single crystals coated by W'3* ployerystal

Molybdenum single crystals coated by W'* single

1976 ~ 1977
crystal

Molybdenum alloy single crystals coated by W' single

1977 ~ 1982
crystal

1982 ~ 1985
1985 to date

Single crystal tungsten isotope W '8

W8 alloy single crystal
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Fig. 5 Photo of refractory alloys single crystals fabricated by Russia
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Fig. 6 Outward photo of large dimension Mo alloy single crystal( $30 mm x 735 mm) processed by NIN
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Table 3 The chemical composition of Mo-Nb alloys single crystals processed by NIN (CHN) and Russia (ug/g)

No C N H [0) As Bi Ca Cr Cu Fe Hf K Li Ni
Sample 1 0. 14 0. 04 9 1.4 0.007 0.005 0.03 0. 005 0.29 0.15 1.8 0.02 0.005 0.002
Sample 2 10 0. 05 0.05 0.5 0.1 0.1 0.2 1 0.3 0.5 — 0.2 0.2 0.2

No P Pb S Sh Si Sn Ta Ti v w Zn Zr Mg Mo + Nb
Sample 1 0.008 0.007 0.02 0.009 0.22 0. 05 — — 0. 006 107 0. 06 4.2 0.005 balance
Sample 2 1 0.5 1 1 0.3 0.2 1 0.2 0.5 20 0.1 0.3 0.1  balance

Note: Sample 1 - Single crystals processed by NIN( CHN) , Sample 2 - Single crystals processed by Russia
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