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ABSTRACT 

 
Transport properties (thermal conductivity, electrical resistivity and thermopower) of 

decagonal quasicrystal d-AlCoNi, and approximant phases Y-AlCoNi, o-Al13Co4, m-Al13Fe4, m-
Al13(Fe,Ni)4 and T-AlMnFe have been reviewed. Among all presented alloys the stacking 
direction (periodic for decagonal quasicrystals) is the most conductive one for the charge and 
heat transport, and the in/out-of-plane anisotropy is much larger than the in-plane anisotropy. 
There is a strong relationship between periodicity length along stacking direction and anisotropy 
of transport properties in both quasicrystals and their approximants suggesting a decrease of the 
anisotropy with increasing number of stacking layers. 

 
INTRODUCTION 

 
Since their discovery in 1982 by D. Shechtman [1], quasicrystals attract great attention due 

to their unique atomic structure and very interesting physical properties that result from it. They 
are mostly ternary alloys usually built on the basis of aluminum and transition metals. According 
to their crystal structure we distinguish two classes of quasicrystals: icosahedral and polygonal 
quasicrystals. In icosahedral quasicrystals [2], atoms are packed in clusters with icosahedral 
symmetry possessing quasiperiodic ordering along all three spatial directions. Among polygonal 
quasicrystals, we distinguish octagonal [3], decagonal [4] and dodecagonal [5] quasicrystals 
possessing quasiperiodic eightfold, tenfold and twelvefold symmetry axes, respectively, while 
they are periodically ordered along these symmetry axes. A possibility to grow crystals of 
decagonal phase of exceptional quality [6] makes them a good candidate for studying physical 
distinctions of periodic and quasiperiodic orderings on the same specimen. Besides that, a class 
of complex metallic alloys called approximants to the decagonal quasicrystals proved to be very 
useful in the task. Approximant phases are alloys possessing local atomic arrangements very 
similar to those in quasicrystals but retaining periodicity, which makes them an ordinary subject 
of theoretical investigation. It is well known that the degree of anisotropy of the transport 
properties of polygonal quasicrystals depends on the number of the quasiperiodic layers along 
one periodic unit [7]. Prior measurements of the electrical resistivity, thermopower [8] and 
thermal conductivity [9] have provided the motivation to thoroughly investigate the composition 
dependent transport properties (electrical resistivity (ρ), thermopower (S) and thermal 
conductivity (κ)) of decagonal quasicrystals and their approximants. 

 
EXPERIMENT 

 
In this study we investigated several approximant phases to the decagonal quasicrystals. 

Their structure can be viewed as stacking of pseudotenfold layers along the direction that 
corresponds to the tenfold direction in decagonal phase. We have studied Y-Al-Co-Ni [10] phase 
with two stacking layers, o-Al13Co4 [7], m-Al13Fe4 and its ternary extension m-Al13(Fe,Ni)4 [11] 
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with four stacking layers and Taylor phase T-Al-Mn-Fe [12] with six stacking layers. Finally we 
correlated their transport properties to those of decagonal d-Al70Co10Ni20 [13] with two stacking 
layers.  

In order to perform crystallographic-direction-dependent studies, we have cut from the 
single crystal of each compound three bar-shaped samples of dimensions 1×1×8 mm3, with their 
long edges along three orthogonal directions. 

The electrical resistivity and thermal conductivity were measured in a temperature interval 
from 1.5 to 300 K using the self-made sample holders, with a standard four point method and an 
absolute steady state method, respectively. The thermopower was measured using a standard 
temperature gradient technique [14] employing 50 mm thick Au (0.07 at. % Fe)-Chromel 
thermocouple. In the thermal conductivity measurements the sample was glued to the heat sink 
on one side, while the RuO2 resistor was attached to the other side in order to maintain the 
temperature gradient across the sample [15]. The gradient was monitored with 25mm thick 
Au(0.07 at. % Fe)-Chromel thermocouple.  
 
RESULTS AND DISCUSSION 

 
The electrical resistivities of three approximant phases having two, four and six stacking 

layers are shown in figure 1. Y-AlCoNi (two stacking layers) has the lowest electrical resistivity, 
which at room temperature amounts to 25 μΩcm along the stacking direction and 60 μΩcm and 
80 μΩcm perpendicular to the stacking direction with the anisotropy of 3.2. Resistivity of o-
Al13Co4 Al13Co4 (four stacking layers) at room temperature amounts to 70 μΩcm along the 
stacking direction and 170 μΩcm and 180 μΩcm perpendicular to the stacking direction with the 
anisotropy of 2.6. While those two alloys show metallic positive temperature coefficient of the 
electrical resistivity, T-AlMnFe with six stacking layers shows negative temperature coefficient 
with the room temperature value of the electrical resistivity of 440 μΩcm along the stacking 
direction and 490 μΩcm and 500 μΩcm perpendicular to the stacking direction with a minor 
anisotropy of 1.2. 

 

   
 

Figure 1. (a) Electrical resistivity and (b) electrical resistivity scaled to the room temperature value of Y-
AlCoNi, o-Al13Co4 and T-AlMnFe. Gray and open symbols denote electrical resistivity along and 
perpendicular to the stacking direction respectively [16]. 

 
Figure 1 thus leads us to conclude that the electrical resistivity increases and anisotropy 

decreases as the number of stacking layers increase. However, this is not completely true, since 
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monoclinic phase m-Al13Fe4 with four stacking layers has an anisotropy higher than Y-AlCoNi, 
but it also has a significant inlayer anisotropy and more pronounced temperature dependence  
(figure 2). 

 

Figure 2. Electrical resistivity of (a) m-Al13Fe4 and (b) its ternary extension m-Al13(Fe,Ni)4 with four 
stacking layers [11].  
 

Comparing the electrical resistivity of m-Al13Fe4 with the one of its ternary extension m-
Al13(Fe,Ni)4, it can be concluded that chemical and structural disorder, that is characteristic for 
the complex metallic alloys, plays an important role in determining their transport properties.  

The thermal conductivities of Y-AlCoNi, o-Al13Co4 and T-AlMnFe are presented in figure 
3. The thermal conductivity is highest in the Y-AlCoNi with the value of 46.3W/mK at room 
temperature along the stacking direction and 12.5 W/mK and 17.4 W/mK perpendicular to the 
stacking direction with the anisotropy of 3. In o-Al13Co4 the room-temperature thermal 
conductivity along the stacking direction amounts to 12.5 W/mK, while perpendicular to the 
stacking direction it amounts to 6.1 W/mK and 6.2 W/mK with the anisotropy of 2. Taylor phase 
T-AlMnFe shows no significant anisotropy in thermal transport with the thermal conductivity 
along all three crystallographic axes amounting to 3.5 W/mK at 300 K within the experimental 
error.  

 
 

Figure 3. (a) Total and (b) lattice thermal conductivity derived using Wiedemann-Franz Law of Y-
AlCoNi, o-Al13Co4 and T-AlMnFe. Gray and open symbols denote thermal conductivity along and 
perpendicular to the stacking direction respectively. 
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The lattice contribution to the thermal conductivity (κlat) was derived by subtracting the 
electroxnic contribution to the thermal conductivity (κel) from the total thermal conductivity 
(κtot). The κel was estimated using Wiedemann-Franz law. Although WF law is valid only when 
the electronic scattering is elastic (or quasielastic at temperatures above Debye temperature) 
[17], we use it as a rough estimate, since the temperature dependence of the electrical resistivity 
is not large, suggesting a significant proportion of scattering is due to the elastic scattering on 
crystal defects rather than the inelastic ones on phonons.  

 

 
      

Figure 4. (a) Total and (b) lattice thermal conductivity derived using Wiedemann-Franz Law of m-
Al13(Fe,Ni)4. Gray and open symbols denote thermal conductivity along and perpendicular to the stacking 
direction respectively. 
 

The lattice contribution to the thermal conductivity shows smaller anisotropy than κtot, and it 
does not differ much among different alloys. Furthermore, if we look at the thermal conductivity 
of m-Al13(Fe,Ni)4 (figure 4), regardless of the presence of the large umklapp maximum, the 
thermal conductivity at the room temperature is almost the same as in o-Al13Co4, and κlatt shows 
no anisotropy at the room temperature. Faster saturation of the anisotropy of the κlatt with 
increasing of the complexity of crystal structure suggests that phonons are more affected by it, 
while the electrical resistivity is more sensitive to the structure details resulting in larger 
anisotropy. 

 

 
 

Figure 5. (a) Electrical resistivity of decagonal d-AlCoNi quasicrystal. (b) Electrical resistivity of d-
AlCoNi normalized at the room temperature value. 
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The electrical resistivity of d-AlCoNi presented in figure 5 is in good agreement with the 

literature [18]. At the room temperature it amounts to 40 μΩcm along stacking direction, while in 
the quasiperiodic directions it amounts to 274 μΩcm and 288 μΩcm with the anisotropy of 6. 
Contrary to the approximant phases, a significant anisotropy in the decagonal phase is obtained 
in the temperature coefficient of the electrical resistivity: the residual resistivity ratio along the 
stacking direction is 1.33, while in the quasiperiodic directions it is only 1.02. This anisotropy is 
related to the existence of periodicity along the stacking direction which is absent in the 
quasiperiodic plane. 

 

 
 

Figure 6. (a) Total thermal conductivity and electronic contribution to the thermal conductivity estimated 
using Wiedeman-Franz law, and (b) Lattice contribution to the thermal conductivity of decagonal d-
Al70Co10Ni20 quasicrystal. 
 

The thermal conductivity of the d-AlCoNi presented in figure 6, is very similar to the one 
reported previously [19] on the d-Al70Co15Ni15. At the room temperature, the thermal 
conductivity amounts to 21 W/mK along the stacking direction, while in quasiperiodic plane it 
amounts to 4.8 and 5 W/mK with the anisotropy of 4.3. Despite such large anisotropy of κtot, κlatt 
(figure 6 (b)) shows almost no anisotropy demonstrating that anisotropy principally arises from 
electronic system of d-AlCoNi. Contrary to the reported thermal conductivity [19], there is 
saturation in κlatt along quasiperiodic directions at the room temperature, while along periodic 
direction an upturn is observed that can be attributed to the hopping of the localized vibrations 
[20]. 
 
CONCLUSIONS 

 
We have investigated series of approximants to the decagonal quasicrystals with two, four 

and six stacking layers. We conclude that the number of stacking layers is not the most important 
parameter that influences their transport properties rather is closely related to the size of the unit 
cell, and thus plays a role in l/a ratio (l – electron mean free path, a – size of unit cell) which is 
important for the magnitude of the temperature variation of the electrical resistivity. Other factor 
is the degree of the structural and chemical disorder that is characteristic for the complex 
metallic alloys, and great attention has to be placed on the crystal preparation.  

In decagonal d-Al70Co10Ni20 quasicrystal, the main contribution to the anisotropy of 
transport properties comes from the electronic system, while it seems that phonons see mainly 
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isotropic medium which is rather unexpected, but in accordance with the study of the elastic 
moduli of the same phase [21]. 
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