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Abstract

Although the binary Al-Ir cubic quasicrystalline approximant (QCA) has been expected to be a narrow gap semiconductor, it does not realize due to large
amount of aluminum sites vacancies leading to excess hole doping. We suggest that a high-pressure synthesis (HPS) is effective to reduce vacancies. In this
work, effects of HPS on structural and thermoelectric properties were investigated for an Al-Ir QCA. We found that the Seebeck coefficient of a sample
made by HPS has a larger value compared to that sintered by using conventional spark plasma sintering (SPS). Further,  the lattice constant and the analyzed
aluminum composition increased as high pressure applied due to increasing the number of Al atoms in the Ir—12 icosahedral cluster. These results indicate
that HPS suppressed vacancies in the cluster leading to a 2 times higher value of z7.
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Table 1. Analytical composition of Al and Ir and lattice

constant a for as annealed, SPS and HPS sample.

Sample Al at.% Ir at.% a /A
as annealed 73.0(5) 27.0(3) 7.6665(3)
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HPS 73.8(3) 26.2(3) 7.6703(4)
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Fig. 1. Crystal structure of Al-Ir quasicrystalline
approximant visualized using VESTA 3.

Intensity, / (arb.units)

Fig. 2. Powder XRD patterns of (a) Al,;;Ir,, ; and (b)
Al sIrye <. Gray arrows stand for the peak of ALIr phase.

N S T S T S S T T S S T S I S ST ST TN SN ST S W't

Al733Ir6.7
ref. [10]

Al73 511265

Alzlr

0 25 30 35 40 45

Diffraction angle, 2 8 (degree)

ol PRI U I S R T S R S S

~
o |
-

Intensity, / (arb. units)

.

Al73.31r26.7
ref. [10]

as annealed

SPS

HPS

20 25

30 35 40 45 50

Diffraction angle, 2 € (degree)

Fig. 3. Powder XRD patterns of (a) Al,; ;Ir,¢ ; ref. [10] (b) as
annealed ingot, (c) SPS and (d) HPS sample.
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Fig. 5. Temperature dependence of Seebeck coefficient S for

HPS (square) sample and the sample of
ref. 10), respectively. Calculated S with 9.5 Al per cluster

(solid line) and 9.75 Al per cluster (dashed line) are also shown.
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Fig. 6. Temperature dependence of total and lattice thermal
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