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Structure of vacuum-arc /VAR/ melted ingots was investigated with the use of radioactive
tracers: very small proportions of W-185 and C-14 were added to charge materials before
melting. They decorated ingots structure and made it possible to study the behaviour of
impurities in the process of melt crystallization changes in structure with the degree of
refining and method of melting. Radiographic investigations revealed that quality of ingots
considerably improved after electron-beam melting: ingots structure was more uniform,
carbide were considerably in their sires.

Radioisotope tracer method was used for investigation of vacuum-arc melting process
/VAR/ and crystallization of zirconium alloy with 2,5 wt. % of niobium.

The following isotopes were used as radiotracers: W-185 - beta-radiator, half-life period -
73,2 days; C-14 - beta-radiator, half-life period - 5000 years.

The isotope W-185 was used to investigate forming of zirconium alloys cast structure as it
is zirconium soluble that is to say, it is a substitutional element. It is the element from
amongst the natural impurities of this alloy, it has low beta-radiant energy, long half-life
period and allows to reveal dendrite structure of the alloy , which is not revealed by standard
etching with the aim of macrostructure revealing. The isotope W-1S5 was added to the alloy
in the form of multicomponent quadruple alloying composition.

Carbon isotope C-14 was to investigate the behaviour of interstitial impurities (carbon and
others) forming different inclusions in zirconium alloys. Carbon isotope was added to the
alloy in the form of zirconium-carbon compound.

Isotopes mixed with electrolytic zirconium powder were packed into (packets of aluminum
foil), which then were inserted into charge in the process of briquettes compacting. Additions
of the isotopes constitute 0,0001 wt. %, that practically does not affect these elements content
in the alloy. Tungsten content of the produced ingots was 0,01 wt. % and carbon content -
0,004...0,0068 wt. %.

Longitudinal and transversal templates were cut from the finished ingots. Radiograms were
obtained by the contact method at the scale 1:1. Dark places of the radiogram correspond to
the maximum isotope content in a give place of the template, light - to metal, low in the
isotope. The isotope were chosen in such a way as to decorate both ingot structure, depth and
shape of the molten metal pool (W-185), and different microinlomogeneities, grain boundary
precipitates (C-14).

General view of the first melted ingots radiograms is demonstrated in fig. 3. It is seen from
this figure how tungsten isotope decorates shape and depth of the molten metal pool as it
enters this pool. It occurs so because of portionally adding of tungsten isotope to the
consumable electrode. At the beginning of melting we obserwe areas low in the isotope, the
small depth of molten metal pool in this period.

As the molten metal pool increases, isotope distribution becomes more homogenious. Fig.
1,2 demonstrates shape factor of the molten metal pool as a function of the high of
solidified part of the first melted ingot, were shape factor of the molten metal pool (m.m.p.) is
the relation of m.m.p. depth with ingot high.
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As it is seen from this figure, stationary m.m.p. is located at the distance of 300 mm from
the ingot bottom part and has composite shape in its section, including parabolic bottom part
and trapeziform top part with the high about a half of molten metal pool depth.

Experimental investigations show that the shape of m.m.p. (in its bottom part) in its axial
section rather accurately corresponds to the following equation:

Y = kx 2 ,
where
Y - depth of m.m.p. section,
x - diameter of the section at a given depth,
k - 0,0017 - obtained experimentally.

From the preceding it may be seen that m.m.p. weight is 115... 120 kg.

Table - Volume and weight of the stationary molten metal pool
Name

M.m.p. conical part
M.m.p. parabolic part
M.m.p.
Briquette

Volume, sm
12400
6100
18500
5740

Weight, kg
77
38
115
31

So, the volume of one charge portion (one briquette) by the factor 3,2...3,4.
Second melted ingots were melted into crucible with diameter 450 mm, ingot weight 1,2 t.

Fig. 4 demonstrates the arrangement of zones with different structure zones of the ingot:
fine cellular a); cellular b); cellular-dendritic c); transforming into dendritic d).

Autoradiographs, fig. 5 , shows the ingot, melted using alternating stirring (stirring with
alternating polarity) of the melt. Molten metal shape and depth are clearly seen as well as the
length of two-phase zone and its variation with ingot high and diameter.

The structure of ingot and cast rods produced by EB (electron beam) and EBCM (electron
beam crucible melting) melting techniques was also studied using. Radioactive tracers (W-
185 or C-14) decorated the structure of ingots and cast rods and made it possible to evaluate
the behaviour of interstitial and substitutional impurities on melt crystallization of EB-
melting, the change of a structure depending on the extent of refining and the way of melting.

It follows from the autoradiographs and the comparison between the structures that after
EBCM the metal quality is significantly impoved: the structure is more homogeneous, the
intercrystalline carbide precipitates are considerably less size.

Fig. 6 shows the investigation of the EB-melting of surface of ingot. Zone of an ingot C-
14 also revealed a significance change of the structure: essentially no carbide precipitates
are observed in the EB-melting of surface zone.

CONCLUSION

Research of ingots with using radioactive tracers: W-185 and C-14, give possibility get new
result investigation the structure and to evaluate the behaviour of interstitial and
substitutional impurities on melt crystallization.
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Fig. 1. Dependence coefficient form molten metal pool from high ingot.

Fig. 2. Dependence Depth molten metal pool from high melted ingot.

Fig. 3. Autoradiogram with W-185, 1:1.

Fig. 4. Fragments of autoradiograms of ingots structure zones, obtained using the
isotope W-185.

Fig. 5. General view of the first melted ingots radiograms.

Fig. 6. Autoradiograms with C-14, 1:1.
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