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Production of some amorphous alloys in
ternary systems Zr—-(Pd, Ru, Mo)—(Si, B)

D. GUSKOVIC, Z. D. STANKOVIC

Technical Faculty at Bor, University of Belgrade, UL, JNA 12, 19210 Bor, Yugoslavia

The possibility of producing amorphous alloys in ternary systems Zr—(Pd, Ru, Mo)-(Si,

B) has

been investigated. Using a specially designed splat-cooling apparatus some of the mentioned

alloys were obtained in the amorphous state.

1. Introduction

Amorphous alloys based on zirconium have been
investigated less than alloys based on iron, nickel and
metalloids [1,2] due to technological difficulties in
their production, because all soldering stages from the
liquid state must be performed in high vacuum or an
inert atmosphere. The manufacture of crucibles and
melt dosage units requires special refractory and
chemically stable materials which are usually hardly
treated.

Taking this into account, the synthes1s of selected
alloys expected to be near the eutectic ranges, was
performed in a modern electric arc furnace provided
with a tungsten electrode and a protective argon
atmosphere of 99.9999% purity [3, 4]. The technique
of levitation melting applied in the splat-cooling ap-
paratus, eliminated the use of expensive crusibles
which often react with extremely reactive zirconium.
The heat-removal rate during collision of metal drops
and copper pistons ( ~ 10° Ks~!) enabled the fixing
of melt structure in the state immediately prior to
solidification.

The lack of data for ternary systems Zr—(Mo, Pd,
Ru)—(Si, B) [5,6] suggests the use of the existing
binary boundary systems [7-11] for the purpose of
choosing low-melting alloys.

2. Experimental procedure

In each ternary system tested, several chosen alloys
expected to lie near the eutectic ranges were used
(except alloys with the following composition: ZrPdSi
[12] and ZrRuSi [13]. A survey of all alloys subjected
to extremely rapid cooling by the splat-cooling
method is given in Table I.

For alloy production, except zirconium which was
used in the form of tiny spongy grains and powder of
99.8% purity (Cerac Enterprise), powders of high
purity were used: molybdenum 99.9% (Cerac), palla-
dium 99.9% (Fluka Ag), ruthenium 99.9% (Degussa),
silicon 99.9% (Fluka Ag) and boron 99% (Cerac).

The prepared samples, melted by levitation and
cooled in a fraction of a second in a splat-cooling
apparatus, are shown in Fig. 1 [14, 15]. The thickness
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TABLE [ Atomic ratio into mass ratio component for 1 g alloy

System Atomic ratio Mass ratio (g)
Zr Pd Si
Zr—Pd-Si Zr Pd Si 0.404 0471 0.125
Zr,5Pd,Si, 0750 0234 0016
Zr,5Pd,Si,, 0.262 0.673 0.065
Zr,Pd,,Sisg 0.212 0.639 0.149
Zr Pd Si
r-Pd-B Zr,,Pd,;B; 0.724 0.270 0.006
Zr,Pdg,B,, 0.137 0.827 0.036
Zr Pd Si
Zr-Mo-Si Zr¢oMo,,Si, 0.716 0.262 0.022
ZrgoMo, 5Si, 0.835 0.193 0.022
Zr Pd Si
Zr-Mo-B ZrgsMo,gB, 0.682 0.309 0.009
Zr Ru Si
Zr-Ru-Si Zr Ru Si 0414 0.448 0.128
Zr;,Ru,Sig 0.788 0.193 0.019
ZrsRugeSisg 0.068 0.834 0.098
ZrgRu,,Sisq 0.168 0328  0.504
Zr Ru B
Zr-Ru-B Zr,6Ru,,B, 0.794 0.197 0.009
Zr,,Rug,B,, 0.260 0.706 0.034
ZrgRuy,B,, 0.087 0.840 0.073

of the foils produced was below 55 um, while the
cooling rate was ~ 10° Ks~'. The existence of the
amorphous state was determined by X-ray diffracto-
metry with CuK,, radiation.

3. Results and discussion

The results obtained are given in Figs 2—5 which show
diffractometer pictures of amorphous splats in
Zr—-Pb-Si, Zr-Mo-B and Zr—Ru-B systems (Fig, 2)
and the concentration triangles of ternary systems
with drawn boundary systems (Figs 3-5).
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The results obtained after extremely fast cooling of
several alloys from ternary systems Zr—-Pd-B and
Zr—Pd-Si show that it is possible to produce some
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Figure 1 Schematic drawing of the splat-cooling technique. 1, r.f.
stabilization ring; 2, r.f. coil; 3, levitating sample; 4, detector; 5,
control unit; 6, high-velocity two-piston arrangement; 7, copper-
pistons; 8, solenoids; 9, power supply.

alloys in the amorphous state in which compositions
Zr,,Pd;3Bs and Zr,;Pd,Sis are located in the zir-
conium corner of the concentration triangles of both
systems. In ternary systems containing ruthenium
as onc of the components, the selected alloys
Zr,;Ru,Siz and Zr,¢Ru, ;B,, in which compositions
are located in the zirconium corner of the concentra-
tion triangles of the two systems mentioned, were not
produced in the amorphous state. This was also not
achieved for the alloys used in the experiments from
ternary systems Zr—-Mo—-B and Zr—Mo-Si. The dif-
ference between systems Zr—Ru—B and Zr—Ru-Si, on
the one hand, and Zr—Pd-B and Zr-Mo-Si systems
on the other, is that one of the alloys from the
Zr—Ru-Si system was obtained in the amorphous
state, but its composition ZrgRugeSi,g 15 not to be
found in the zirconium corner of the concentration
triangle of this system.

The amorphous state in alloys depends greatly on
whether the selected alloys are located in low-melting
areas or in the vicinity of eutectic ranges, as well as on
the series of other physical-chemical factors. Ignor-
ance of phase diagrams, especially low-melting areas
of these ternary systems, has a significant effect on the
difficulty 'of defining accurately the influence of some
factors on the depreciation, and on accurate definition
of the influence of some factors on the depreciation.
Taking into account the positions of molybdenum,
ruthenium and palladium in the Periodic Table, the
system of binary eutectics formed by these elements

(a) <—— 29 {deg)

(b) <« 20 (deg) "
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\

{c) <—— 26 (deg)

Figure 2 Diffractometer pictures of amorphous splats in (a) Zr;,Pd,;Bs, (b) Zr;5Pd,Sis and (¢) ZrgRueSi,g ternary systems.
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Figure 3 Concentration triangles of ternary systems (a) Zr—Pd—Si and (b) Zr—Pd-B with boundary systems drawn in. (@) Amorphous alloys.
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Figure 4 Concentration triangles of ternary systems (a) Zr—Ru—Si and (b) Zr-Ru-B with boundary systems drawn in. (@) Amorphous

alloys.
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Figure 5 Concentration triangles of ternary systems (a) Zr—Mo-Si and (b) Zr-Mo-B with boundary systems drawn in. (@) Amorphous

alloys.
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with zirconium, as well as the proposals given pre-
viously [15-18], we can suppose that the easiest
method of producing amorphous alloys in the zircon-
ium corner of those ternary systems including, in
addition to boron and silicon, another component like
palladium then, ruthenium and molybdenum.

4. Conclusion

It is possible to produce some alloys in the amorphous
state in ternary systems Zr—Pd—B and Zr—Pd-Si with
their chemical composition located in the zirconium
corner of the concentration triangles of the systems
mentioned.

In systems Zr—-Ru-B, Zr—-Ru-Si, Zr-Mo-B and
Zr—Mo-Si, the alloys located in zirconium corner of
the concentration triangles were not produced in the
amorphous state. The amorphous state was achieved
only in Zr—Ru—Si systems with the alloy ZrgRug¢Si,g
having its composition outside the zirconium corner.
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