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Electrical anisotropic property of some
unidirectionally solidified eutectic alloys

. H. MOON, Y. L. KIM, I.S. AHN*

Department of Materials Engineering, Han Yang University, Seoul, Korea

The eutectic systems of Cd—Pb, Bi—Cd and Bi—Zn were alloyed using chemically pure
raw materials in an electric furnace. The electrical resistivities were determined at room
temperature in terms of the microstructures of the eutectic alloys. Electrical resistivities
measured parallel and perpendicular to the unidirectional microstructure at different
solidification rates were quite distinctive. The electrical resistivities measured were
consistent with calculated values. The present study indicates qualitatively that
unidirectional solidification of ideal conductor—insulator eutectic systems could produce

electrical anisotropic materials.

1. Introduction

Eutectic microstructures are classified as regular
(normal) or irregular forms. Regular eutectics are
lamellar or rod-like in nature, and frequently
demonstrate more interesting physical and mech-
anical properties than their irregular form which is
usually shown as broken lammelar or dendritic
structures.

Since 1950 numerous investigations have been
documented concerning the mechanism of eutectic
solidification and the relationships between micro-
structure and growth rate in eutectic alloys. The
impetus for such studies-is the potential use of
such alloys as high strength structural materials
[1]. The structure against mechanical properties of
eutectic alloys has been extensively investigated.

Although it is expected that the anisotropic
microstructure associated with eutectics should
produce interesting electrical properties, few
studies on electrical properties have been reported.
Since 1970 Ondracek [2—4] has extensively
investigated the dependance of electrical resistivity
on directional features of microstructures and
respective phase volume fractions in numerous
ceramic—metal eutectics [2—4]. As a result of
these studies, a number of phenomelogical
equations relating electrical resistivity to the micro-
structure of eutectics were developed.

The present study is an extension of these
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efforts to other unidirectionally solidified eutectic
systems. The subjects studied were selected on the
basis of several criteria as noted below: (1) The
systems should have low melting points for exper-
imental convenience; (2) One phase in the eutectic
should have a markedly greater electrical resistivity
than the other, because it allows easier detection
of the effect of microstructure; (3) In the systems
chosen, the microstructure -as related to growth
conditions should be well understood.

Using the above criteria the following three sys-
tems were selected: (1) Cd—Pb, a prototype of a
regular eutectic alloy; (2) Bi—Cd, a prototype of a
quasiregular eutectic alloy; (3) Bi—Zn, a proto-
type of an irregular eutectic alloy.

2. Experimental procedure
The raw materials used for the present investigation
were Bi of 99.99% purity, produced by Korea
Tungsten Mining Co., and Pb, Cd and Zn all of
99.9% purity. High purity zinc (99.999%)
was used for some specimens to determine the
impurity effect. Alloying was achieved by melting
the pure materials in an electric furnace for 1h.
During alloying the liquid alloy was covered with
an epoxy resin layer in order to prevent or mini-
mize oxidation of the melt.

The specimens were vacuum sealed in glass
tubes of 10 mm diameter and about 100 mm length
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Figure 1 Relationship between
growth rate and electrical resist-
ivity in Cd—Pb eutectics.
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prior to unidirectional solidification. After inser-
tion into a Bridgman-type furnace, the alloy was
held at the eutectic temperature for 1 h in order to
obtain alloy homogeneity. The homogenized alloy
was then unidirectionally solidified at rates from
0.63 to 9.1cmh™. The temperature gradient was
about 25°Ccem™,

Specimens of length from 10 to 20 mm were
cut from the middle of the unidirectionally solidi-
fied bar. Microstructures of polished and unetched
specimens were observed under a reflective micro-
scope. The lamellar space of the microstructures
was determined in the conventional manner. Speci-
mens of rectangular cross-section of dimensions

small compared with the length were used for
electrical resistance measurements. Specimen end
faces were polished carefully to minimize contact
resistance. At room temperature electrical resis-
tance was measured with a Kelvin double bridge.

3. Results and discussion

The variation of electrical resistivity with growth
rate for the various eutectic alloys is shown in
Figs 1 to 3. The solid and dashed lines represent
the calculated values of the resistivity for the per-
tinent systems. The phenomenological equations
used to determine the values are given in Table I
and the data listed in Table II are used for the
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ivity in Bi—Cd eutectics.
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Figure 3 Relationship between
growth rate and electrical resist-
ivity in Bi—Zn eutectics,

O Measured value, transverse direction
Bi-Zn @  Measured vaiue, fongitudinal direction
3 ~—=Calculated value, transverse direction
—_ Calculated value, longitudinal direction
E
é’ ----- Calculated value, irregular case
ES
<
<
E2-
2 [}
2 ° 0 °
n
“"w
&
L e % _ _ _e ___*_ % -
1
[ 1 1 1 1
0 1 2 3 4 6
Growth rate (cm h™1}
calculation. Calculated values were assumed

independant of growth rate for a given system,
although differences in size and space of the
lamellae may be expected to effect electrical
resistivity.

3.1. Cd—Pb system
As shown in Fig. 1 electrical resistivities of Cd—Pb
eutectics, which are parallel to the solidfication
direction, are generally lower than resistivities in
the transverse direction. This, however, does not
hold for Cd—Pb alloys solidified at a growth rate of
3cmh™, Microstructural examination of the
alloys (Figs 4 and 5) shows that the eutectic struc-
ture has “broken down” at this growth rate, as
indicated by the lack of preferential lamellar
alignment with the solidification direction. Such
a break-down has previously been observed in this
system [8]. Calculated resistivity, therefore, using
Equation 3 may be more reliable. The values
calculated in this way are shown by the dotted
line in Fig. 1.

A systematic difference of about 5Sucm
between measured and calculated values of elec-
trical resistivities in Cd—Pb eutectics exist. This is

believed to be due to the impurity level or contact
resistance of the experiment.

3.2. Bi—Cd system

Fig. 2 shows the relationship between electrical
resistivity and growth rate in Bi—Cd eutictics. The
eutectic structure of Cd—Bi has been known as
“quasi-regular” [7]. This type of structure is also
observed in the present study (Fig. 6). The
measured and calculated values of electrical resist-
ivity for Bi—Cd eutectic approached each other
with increasing growth rate. As shown in Fig. 6
lamellar alignment with the solidification direction
becomes more pronounced with increasing solid-
ification rate. This microstructural features make
it reasonable to calculate the resistivity of a
specimen grown at 9.1 cmh™,

It should be noted that in Bi—Cd system the
resistivity measured transverse to the solidfication
direction is always lower than the calculated one,
This may be due to the oversimplification in the
calculation in which the microstructure is assumed
to be the regular lamellar type although irregu-
larities exist to some extent.

TABLE II Ancillary data used for calculation of composite electrical resistivity

System Electrical resistivity [5] Volume fraction of Remarks {6, 8]
(w2 cm) constituent 2 [6]
Cd-Pb 7.4 0.19 Regular (lamellar or rod-like)
20.6
Bi—Cd 116 0.43 Quasi-regular
Bi—Zn 5.9 0.004 Broken lamellar
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Figure 4 Microstructures of Cd—Pb eutectics perpendicular to the solidification direction at growth rates of (a)

3cmh™ and (b) 0.63cmh™t,

3.3. Bi—Zn system

The relationship between the electrical resistivity
and growth rate in Bi—Zn eutectics is shown in
Fig. 3. The measured values of electrical resist-
ivities parallel to the solidification direction are
generally lower than those of resistivities in the
transverse direction. The differences of the
measured electrical resistivity between the trans-
verse and longitudinal direction slightly decreased
with increasing solidification rate. This might be
attributable to the micro structure of the pertinent
eutectic system.

The eutectic structure of Bi—Zn has been classi-
fied as irregular. However, the stable Zn phase is
formed as broken lamellar. The lamellar direction
is alligned to the solidification direction at a
relatively lower growth rate (Fig. 7a). This broken

lamellar structure, however, becomes unstable, and
changed to an irregular fibre structure at an
increased growth rate (Fig. 7b), which was gen-
erally expected [9]. In Bi—Zn eutectics, however,
the electrical resistivity was rather independent of
growth rate since the good conductor phase. Zn,
was only 0.4% of the total volume of the eutectics,
and this phase forms a broken lamellar structure.

In eutectics of Bi and high-purity Zn systems,
similar results were obtained. Therefore the effect
of impurity content as a minor constituent is not
believed to be significant.

Finally the lamellar spaces observed in these
systems investigated were also compared with
those in the literature. Table III shows the depen-
dance of lamellar space on growth rate, in which
the lamellar spaces may be calculated using the

Figure 5 Microstructures of Cd—Pb eutectics parallel to the solidification direction at growth rates of (a) 3ecmh™ and

() 0.63cmh™t,
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Figure 6 Microstructures of Cd—Bi eutectics parallel to the solidification direction at various growth rates: (a) 4 cmh ™,

(b) Semh™, (¢) 6cmh and (d) 9.1 cmh™.

TABLE III The dependance of lamellar spaces on
growth rate

System Growth Lamellar Average
rate space, lamellar
(cmh™) calculated space
(um) observed
(um)
Cd-Pb 0.63 35 3.7
1 2.7 2.5
2 1.8 1.7
3 1.6 1.5
4 1.3 14
5 1.1 1.0
Bi—Cd 4 3.0 3.3
5 2.7 2.7
6 2.4 2.5
9.1 2.0 2.1
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general relationship between lamellar spacing (\)
and growth rate (v) of

A=A, 1)

and inserting A and n values quoted from the
literature [10, 11]. As shown in Table III, the
lamellar spacings observed were consistent with
those calculated.

4. Conclusions

From the above results it may be cautiously con-
cluded that if the unidirectional solidification
technique could be applied to an ideal system,
suitable electrically anisotropic materials might be
produced which could be applicable to practical
use.
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Figure 7 Microstructures of Bi—Zn eutectics parallel to the solidification direction at growth rates of (a) 1 cm h™? and
(b)9.1cmh™.
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