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ABSTRACT Quasicrystals are a kind of special crystals, combining aperiodicity with long-range
translational order and displaying a strong potential of applications. However, the forming law of
quasicrystals, especially icosahedral, which have drawn a lot of attention since the discovery of the
first quasicrystal, are not clearly known. A general knowledge, derived from the past work, is that the
quasicrystal belongs to Hume-Rothery phase with special electron concentration per atom (e/a), and
furthermore needs meeting the topological packing of atoms. Based on this, certain criteria named by
e/a—constant line, e/a—variant line and cluster line, et al., have been used to design novel quasicrystals,
especially in ternary alloy systems. But, as indicated in the previous work, these rules would not work
very well in pseudo-ternary or quaternary systems built on Ti—Zr-Ni quasicrystals with the addition
of Co or Cu. In order to further specify the quasicrystal formation in multi-component systems,
in the present study an investigation was conducted in an alloy system, based on TissZrsgNijz and
TigpZr4oNigg alloys with the addtion of Pd, because Pd is the neighbourship of Ni in the element table
like Co and Cu and has the atom size and e/a between Ti (or Zr) and Ni. Using XRD, TEM and
OM, it is found that in the suction cast alloys, the icosahedral quasicrystal (IQC) phase is formed
in the coexistence of a little bcc f—(Ti,Zr) in TissZr3sNij7 alloy and of a bit hexagonal a—(Ti,Zr) in
TigpZraoNigg alloy. And after 2%Pd (atomic fraction) substitution for Ti and Zr, a MgZno—type Laves
C14 phase with coordination number of 14 is precipitated along with the disappearance of G—(Ti,Zr)
with coordination number of 8 in the former alloy, while only a complete IQC phase with coordination
number of 12 is yielded in the latter alloy. However, as the subtitution is increased up to 6.7% or 13.3%
in TiyZrgoNigg alloy, the formation of IQC is prevented and the C14 phase occurs instead till a single
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C14 phase forms in TiggZrog.7NiggPdy3.3 alloy. The results show that the Pd addition in Ti—Zr—Ni
alloys would promote closer atom packing, being beneficial to the formation of Laves phase because of
the weak interaction between Fermi surface and Brillouin zone in Hume-Rothery phase like IQC.
KEY WORDS quasicrystal, Ti-Zr-Ni alloy, Pd addition, Laves phase
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Table 1 Compositions, phase structures, densities and eletronic structure parameters for single phase Ti—Zr—Ni and

Ti—Zr—Ni—Pd alloys

Alloy Phase p,gem™3 M, gmol™! e/a Ny, nm~3  Index Kp, nm~!  2Kp, nm—?!

Ti40ZraoNizg 1QC 6.160 67.38 1.20 66.04 18/29 25.70 25.01
20/32 26.89

C14 6.179 67.38 1.20 66.25 103 26.03 25.04

TiggZraoNigoPda 1QC 6.389 68.56 1.19 65.64 18/29 25.79 25.10
20/32 26.94

Ti40Zr38NizoPd2 1QC 6.314 67.68 1.19 65.71 18/29 25.68 24.11
20/32 27.07

Ti40Zra0NirgPd2 1QC 6.232 68.33 1.22 65.88 18/29 25.50 25.13
20/32 26.93

Ti40Zr26.7Ni2oPd13.3 C14 6.783 69.40 1.13 58.87 103 26.08 25.09

C14-TisgZrsoNizg 5 C14-TiggZrae.7NiggPdi3.3 B4
HMESBARBMHZERKR, HENH K, 5 2Kr #H
I, WYk 26 nm Tt JFHELA 25 nm~ . pET I,
FRLAE Cl4 MR ENLHIME HumeRothery #i
W, 5 YESAEAE.
3 &

(1) XFWES TissZrssNiyr Fl TigoZraoNize &
&, i Pd (0 2%) B Ti 5 Zr R FMkEacEch
8 Wy f—(Ti, Zr) MR, WlEMEEAECH 14 ) Cl4
Laves #HFM7HEMAT H.

(2) H6k Pd %t Ti gk Zr &R (6.7% 5% 13.3%)
)&, BOIECH 12 fyMEs AR C14 MR A T 548, HRH
JGFEER Pd IR IAE R TEE Ti-Zr-Ni #Ed&&+
JR T e, 2 1 TR S E AL AP T A

(3) XtH Ti-Zr-Ni & Ti-Zr-Ni-Pd @ M5
Cl4 MESM B TEMFHE, FTUESH Cl4 Gt
AL B AESAHR Hume-Rothery #E0[a] Laves #H#7JL
RN R R AR T #4678,
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