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In this study, electrica properties of Al-Y-Ni alloys produced by melt-spinning method were investigated.
Before annealing, XRD analyzes were performed and the samples were found to be amorphous. Exothermic
peaks were observed in DSC measurements and crystalization stages of the alloys were determined. AlgsY 11Niy,
AlgsY10Nis and AlgsYsNijp samples were anneded at some temperature and their electrical resigtivity was
measured by four-point method. The large decrease in resigtivity was observed during crystallization between
200 - 400 °C. These results were consistent with XRD and DSC measurements.
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I ntr oduction

The most important feature that distinguishes
amorphous alloys or metalic glasses from other aloysis
that they do not have the atomic order of normal crystals
and consequently do not have crystal structure. This
structural and chemical gate is felt in all properties and
behaviors of metallic glasses, especially mechanical,
chemical and eectrical-magnetic. Scientists work on
amorphous aloys is quite intense [1-10]. Some
properties of Al-Y-Ni aloy which is one of amorphous
alloys were investigated. some of those; Chang et a,
AlgsNisY 19, AlgsNi;Yg and AlgsNiyeYs amorphous alloys
produced by melt-spinning method, They determined
phase trandtion temperatures by DSC measurements,
annedled at these temperatures and made their X-ray
andysis. They also examined in detail how the effect of
ratios in aloys and the speed of the disc affect the
amorphous structure [11]. Freitag et al., AlgsYyNijsy
(x=3-12at.9%) amorphous alloys, investigated the
effect of aluminum (Al) and yttrium (Y) on resistivity at
room temperature [12]. Pekala, AlgsY1oTM (TM =Cuy,
Ni, Co, Fe) amorphous alloys produced by melt spinning
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method, determined the effect of metal atoms on
electron-photon interaction and examined thermoel ectric
power at temperatures between 20 - 300 °K [13]. Again,
Pekala explained the thermoel ectric power and electrical
resigtivity of AlgoxY10Nix (X=0, 2, 5, 8) amorphous
alloys by Faber-Ziman theory. It measured the resistivity
of these alloys at temperatures between 300 - 800 °K by
four-point method. He also examined and compared the
thermoel ectric strength of these alloys in their crystaline
and amorphous state [14]. Gogebakan, AlgsY 11Nig,

Tablel
Production parameters of used alloys

Crﬁg;ge Production Sample

Samples . speed thickness
diameter | \iye | W (um)

(mm)

AlgsY1:Ni4 1012 50-60 ~ 25-30
AlgsY 10Nis 0.9-1.2 50-60 ~ 25-30
AlgsYsNig 0.9-1.0 30-50 ~ 40-50
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AlgsY 10Nis, AlgsYgNiz, AlgsYsNiyg and AlgsY,Niys a'loys
produced by melt spinning method, examined the
mechanical properties, Tensa strength (of), Youngd's
modulus (E) and Vickers hardness (Hv) measured and
compared aloys [15]. Vasiliev et a., (Al-2.6Y—-9.5Ni),
(Al-4.5Y-10.1Ni), (Al-4.3Y-35Ni) and (Al-1.7Y-
6.4Ni) in atomic ratios of amorphous alloys, with
electron microscopy (TEM) investigated the morphol ogy
and crystal structure of each phase. In each aloy group,
have observed the formation of a-Al, AI3Ni or AI3Y and
a triple phase [16]. Min Young Na. et a. conducted
research on thermoplastic formability and electrica
conductivity in AI-Ni-Y metalic glasses [17]. In this
study, electrical properties of Al-Y-Ni amorphous alloys
were investigated.

|. Experimental

Samples used in this study were produced by melt-
spinning technique. Production parameters of the alloys
used aregiven in Table 1 [18].

DSC (Differential scanning calorimetry) was
measured by Perkin Elmer Sapphire. X-ray diffraction
anaysis, Rigaku D/max-111C diffractometer using CuK.,
(A = 1,542 A°) radiation. Measurements were carried out
at room temperature in the range of 20<6 <90 with
0.02° steps.

Electrical measurements were made by Lucas Pro 4
device using four probe method. Here, the samples were
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Fig. 1. DSC anaysis results of samples.

annealed at some temperatures (not in sStu), measured
several times and averaged.

1. Resultsand discussion

Differentiad Scanning Calorimetry (DSC) peak
patterns for AlgsYsNi, AlgsYoNis and AlgsY11Niy
samples are shown in Figure 1. In the DSC analysis
obtained by continuous heating, three exothermic peaks
were observed for the aloys used. Figure 1 shows the
crystallization temperatures T, and crystallization peaks
Ty, Ta, T3 of the samples. As can be seen from the figure,
the crydallization temperature T, increased with
increasing amount of Y in the alloy. In X-ray diffraction
anaysis of samples before heat treatment, as can be seen
from Figure 2, it is generally of amorphous structure.
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Fig. 2. X-ray anaysis of samples.

One of the amorphous aloys (AlgsYsNiy) was
annealed at certain temperatures and detailed XRD
measurements were taken. In Figure 3 shows the X-ray
diffraction patterns of the AlgsYsNiy sample to before
annealing and annealing at 250 °C, 355 °C and 390 °C.
The sample was annealed for 15 minutes for each
temperature. As can be seen from the figure, the
diffraction pattern of the alloy before heat treatment
shows a extensive peak in conformity with the
amorphous structure. Samples were annealed at peak
temperatures of crystallization taking DSC measurements
into consideration.

It is seen that the amorphous sample annealed at
T, =250 °C darts to crystallize to give crystal aluminum
peaks. It is observed that the alloy continues to
crystallize around T, = 355 °C annealing temperature and
the structure generaly consists of Al and AlgY phases. At
an annealing temperature of T3 =390 °C, the structure is
completdy crystallized and generally consists of phases

The samples were annealed for 15 minutes at some
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Fig. 3. X-ray diffraction patterns of some annealing temperatures of AlgsYsNig aloy.
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Fig. 4. p/po versustemperature.

temperature values between 25 °C and 600 °C and ther
resistivities were measured by four-point method at room
temperature. It was observed that the resigtivity of the
samples decreased sSignificantly at the temperature
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between which the samples started to crystallize (Ty) and
completely crystallized (T3).

Figure 4 shows the temperature-dependent resistivity
of the AlgsY 11Ni4 alloy between 25 °C and 600 °C. In the
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DSC analysis shown in Figure 1, it was observed that the
resistivity of the sample started to decrease at the
temperature a  which  crystalization — darted
(Tx=245°C). The large drop in resistivity continued
until the T3~400°C temperature, where the sample
completdy crystallized.

In the AlgsY 1oNis alloy, the resistivity of the sample
started to decrease at the temperature (Tx = 240°C) at
which the crystallization started in the DSC analysis
shown in Figure 1. Thelarge drop in resigtivity continued
until the T3~=360 ‘C, where the sample completey
crystallized. Again in the AlgYsNijp sample, the
resigtivity of the sample began to decrease at the
temperature (T ~190°C) at which the crystallization
gtarted in the DSC analysis shown in Figure 1. The large
drop in resistivity continued until the T3 = 350 °C, where
the sample completely crystallized. The reason why the
resigtivity drops in this way can be explained by the
trangition of the semi-stable amorphous aloys to the
stable (crystal) structure. In addition, it is observed that
the resigtivity continues to decrease at a little with the
increasing of annealing temperature of the crystallized
samples. Thisis thought to be related to the reduction of
grain boundaries as aresult of the growth of the particles
in the aloy at high annealing temperatures. There are
similar studies aluminum-based amorphous alloys and
our results are compatible with them [14, 19-22]. In all

aloys, a great decrease in resistivity is observed when it
changes from amorphous structureto crystal structure.

Conclusion

In this study, eectrical properties of Al-Y-Ni aloys
previoudy obtained by met-spinning method were
investigated. The resigtivity of the samples were
measured by using four point technique a room
temperature and annealing at some temperatures between
25°C and 600°C. X-ray analysis showed that the
samples were amorphous before annealing. At the peaks
obtained by DSC andysis, the crystallization
temperatures of the samples were determined to be
approximately 200 - 400 °C. A significant decrease in the
resistivity of the samples was observed in this
temperature range. The reason for the decrease in
resistivity in this way can be explained by the transition
of the semi-stable amorphous alloys to stable (crystal)
structure. It was observed that resistivity increased as 'Y
ratio increased in samples. Similarly, as Ni content
decreased, resistance decreased.
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