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ABSTRACT Al-based stable quasicrystals exist only in ternary alloy systems.

According to the

cluster line rule, these quasicrystals require three constituent elements. For the objective of determining
if there is any quaternary quasicrystal, the electron concentration and atomic size constant criteria were
used to analyze the alloy phase evolution in the AlI-Cu-Ni-Fe quaternary system. It is found that there
is no evidence of any quaternary quasicrystal, which confirmed the conclusions of the cluster line rule,
i.e., three elements are sufficient to form a stable Al-based quasicrystal.
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Table 1 Quasicrystals in quaternary systems

Composition State Remark
atomic fraction, %

Algg sMngSizBeg.s)  Metastable Alloying
AlgsFe3CraTig Stable Alloying
AlgszFe3CraoVa Stable Alloying
AlgzFe3CraNbsg Stable Alloying
Alg3Fe3CraTag Stable Alloying

AlgoGez5CuroMnzs Stable (Al, Ge)CuMn

Tig0ZraoHf20Nizg Stable Ti(Zr, Hf)Ni
Tig0ZraoHf20Nizg Stable (Ti, Hf)ZrNi
Alg7GagPda1 Mng Stable Alloying
Alg2Cu29Co15Sis Thin film Alloying

Zrgg.5CuioNij1Al7. s Metastable

Zng7.6Mg19.4Ys.1Zra.9 Stable Alloying
AlgyGagPda Mng Stable (Al, Ga)PdMn

1) mass fraction, %

|QC-A|54CU24F912

Alyp7Fe; Atomic fraction, %

1 Al-Cu-Fe = AFHABL RS L E
Fig.1 Cluster lines and quasicrystals in Al-Cu—Fe ternary

phase diagram
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ted line) (sample compositions are taken from the
line linking IQC~AICuFe and DQC1-AINiFe)
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Fig.3 XRD patterns of samples Alg7.43Ni1g.43CugFes 14
(No.1), Alge.28Ni12.20Cu12Feg 43 (No.2), Algs.15-
Nig.14CuigFe1p.71 (No.3) (a) and standard XRD
patterns (b) of AINi (B2), AlyCugFe, AljsFeys,
AlgNig and decagonal quasicrystal (DQC)
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Fig.4 EPMA back scattering electron images of the sample No.1 (a), No.2 (b) and No.3 (c), Table 2 listed the

compositions of black, gray and white phases in each figure
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Table 2 EPMA results of the phases in Fig.4

(atomic fraction, %)

Sample No. Phase Al Ni Cu Fe
1 White 52.184 37.384 8.0834 2.3476
51.168 38.249 8.1559 2.4269

Gray 70.617 9.5713 1.9725 17.838

71.613 9.9310 1.9590 16.496

Black 77.544 10.540 3.1134 8.8016

73.102 9.4182 3.1502 14.329

78.161 7.3898 2.8162 11.632

77.158 7.3174 4.6309 10.893

2 White 51.603 26.709 16.815 4.8709
Gray 60.997 4.2170 25.384 9.4015

65.732 4.1982 22.341 7.7279

Black 69.630 6.6416 3.7679 19.960

3 White 51.280 12.625 31.965 4.1280
51.410 15.282 29.000 4.3075

47.458 18.241 29.016 5.2835

Gray 64.299 3.2237 19.945 12.530

65.396 2.4265 20.921 11.256

64.523 3.8009 21.422 10.252

Black 69.029 4.4022 4.6652 21.903

69.153 4.5443 4.7893 21.513

68.714 4.4301 4.6594 22.196
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Table 3 Classification of the data in Table 2

Sample No. Black phase Gray phase White phase
1 DQC2Y Aly3Fey Al3Niy
2 Aly3Fey Al7CusFe AlsNig
3 AlysFey Al7CugFe Al-Ni(B2)
superstructure
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