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High-pressure x-ray diffraction of icosahedral Zr—Al-Ni—Cu—-Ag
guasicrystals

J. Z. Jiang,? K. Saksl, and H. Rasmussen
Department of Physics, Building 307, Technical University of Denmark, DK-2800 Lyngby, Denmark

T. Watanuki, N. Ishimatsu, and O. Shimomara
Synchrotron Radiation Research Center, Japan Atomic Energy Research Institute, Mikazuki,
Hyogo 679-5148, Japan

(Received 14 May 2001; accepted for publication 24 June 2001

The effect of pressure on the structural stability of icosahedral Zr—Al-Ni—Cu—Ag quasicrystals
forming from a ZggAl; sNi;Cu; Ago metallic glass with a supercooled liquid region of 44 K has
been investigated bin situ high-pressure angle-dispersive x-ray powder diffraction at ambient
temperature using synchrotron radiation. The icosahedral quasicrystal structure is retained up to the
highest hydrostatic pressure us@pbproximately 28 GPaand is reversible after decompression.

The bulk modulus at zero pressure and its pressure derivative of the icosahedral Zr—Al-Ni—Cu—Ag
quasicrystal are 99.101.26 GPa and 4.260.16, respectively. The compression behavior of
different Bragg peaks is isotropic and the full width at half maximum of each peak remains almost
unchanged during compression, indicating no anisotropic elasticity and no defects in the icosahedral
Zr—Al-Ni—Cu—Ag quasicrystals induced by pressure. 2@01 American Institute of Physics.
[DOI: 10.1063/1.1394951

Recently, after the discovery of the formation of icosa-sis of the as-prepared amorphous ribbon was performed in a
hedral quasicrystals from Zr—Al-Cu—Ni metallic glasSes, differential scanning calorimetéDSC) at a heating rate of 3
guasicrystals have been found by crystallization in many ZrK/min under a flow of purified argon. The alloy exhibits an
based alloy systems, such as ZtM=Pd and P22 ZrNiM endothermic event characteristic of the glass transifign
(M=Pd, Au, Pt, and Ti*® zZrCuM (Al and Pd%’ =628K, followed by two characteristic exothermic events
ZrAICuPd; ZrCuNiPd! ZrAINiM (M=Cu, Pd, Au, and T,;=672K andT,,=730K, and 34.1 and 40.4 J/g, respec-
P1),18-10ZrAINiCuM (M=Ti, Au, Pt, Pd, and Ag"**"1’and tively, indicating two-stage amorphous-to-quasicrystalline
ZrTiCuNiBe!® Inoue and co-workets further found that and quasicrystalline-to-intermetallic phase transformation
bulk quasicrystalline ZrAINiICuMM=Pd and Ag alloys ex-  processes, which are consistent with data reported in the lit-
hibit high strength and good ductility. The formation of qua- erature for the alloy'~'’ Subsequent annealing for prepara-
sicrystals in these alloys becomes very interesting. It hasion of Zr-based quasicrystals was performed on the as-
been demonstrated from several groups that Zr-based quagjuenched amorphous ribbon in a vacuum of 110~ ° Torr at
crystals have a phase transformation into intermetallic come63 K for 2 h. The icosahedral quasicrystalline structure of
pounds) at high temperatures. In this work, we report thethe annealed sample was confirmed by x-ray powder diffrac-
structural stability of the icosahedral Zr—Al-Ni—Cu—Ag tion and transmission electron microscopy. The average grain
quasicrystals forming from a ZAl; Ni;(Cu; sAg;o metallic  size of the icosahedral quasicrystals was approximately of 45
glass under hydrostatic pressure up to approximately 28 GRam. A flake (approximately 2Qum) of the annealed sample
by in situ high-pressure angle-dispersive x-ray powder dif-was loaded into a diamond-anvil cell with a Re gasket of 150
fraction (XRD) at ambient temperature using synchrotron ra-ym in hole. In order to insure the hydrostatic conditions up
diation. It should be mentioned that stable quasicrystalso 30 GPa, liquid Hg2000 atm was used as the pressure
against higher pressures on various conventional Al- and Titransmitting medium. The actual pressure was calculated
based systems have been repotfed® In most cases, the from the wavelength shift of the ruby line using the non-
full width at half maximum(FWHM) of the Bragg peaks linear pressure scale of Maet al?’ In situ high-pressure
increases with pressure. It was suggested that the defecigigle-dispersive x-ray powder diffraction measurements of
induced during compression stablize the quasicrystallinghe annealed sample were performed at the BL10XU beam-
structure. However, the results obtained here show that thighe, SPring8, Japan, with a wavelength of 0.49592 A. The
quasicrystalline structure could be intrinsically stable duringdiffraction patterns were recorded using an image plate,
compression of about 17% volume contraction. which provides complete information in the form of a pos-

A ribbon sample of the ZgAl; NiioCu; Ag1o metallic  sible preferential orientation of diffracting grains and a better
glass with a cross section of 0.03 xh mm was prepared sample averaging by integrating the Debye—Sherrer rings by
by the melt-spinning technique from a master alloy ingotmeans of a two-dimentional data analysis program.
prepared by arc melting in an Ar atmosphere. Thermal analy- A large number of XRD patterns were recorded at pres-
sures ranging from 0 to approximately 28 GPa at ambient
“Author to whom correspondence should be addressed; electronic maffémperature. In the annealed sample, the two-dimensional
jiang@fysik.dtu.dk diffraction patterns recorded did not show any preferential
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FIG. 1. Pressure dependence of the x-ray diffraction patterns at various

pressures of the icosahedral Zr—Al-Ni—Cu—Ag quasicrystals.

Zr—Al-Ni—Cu—Ag quasicrystals are intrinsically stable up

. . . . . . . . to 28 GPa;(2) no defect, dislocation, and phason were in-

orientation of the diffracting grains either at ambient or high .( ) D pha: :
duced during compression; arid) no preferential orienta-

pressure P<28 GPa). Figure 1 shows some selected XRI:)ticim of any symmetry lines was detected during compression.

patterns recorded at various pressures. The icosahedr . ; . . )
Miller indices are generated by cyclic permutations of. que_st|on Of partlcglgr Interest is whetherthe s_ample exhib-
( )=(=1,+5.0). Six independent vectors are ex- its anisotropic elasticity. To address this question, we have
GGy ,dqzb _ ’15’0 o 1 —pao (015 plotted the compressibility, in our cas4P)/V(P=0) was
presse yql(!’)!qZ(! ’)!q3(!!)!q4 k b I d /d :O3f h h
(01— 5). qu=(50.1), andge— (~ 5.0.1). wheresis the taken to be equal tpd(P)/d(P=0)]° for the three most
gold;ar; me’ans 1618 As an eexamplé ’méoooo peak is distinguishable Bragg peak$00000, 110000, 10100@s a
SPTR X function of pressure. Table | lists the zero-pressure bulk

found atq=Qo(q11q) =(2,0,0) andQo=2/a, where a |\ o B) and its pressure derivativ{) for the Bragg

is the quasilattice constant. The quasilattice constant at am-
bient pressure is found to ba=4.8307(1) A. The peak peaks as well as the averaged values of the three peaks for

(26~11.2°) is a choice for the basid00000 reciprocal the icosahedral Zr—Al-Ni—Cu—Ag quasicrystals using the

lattice vector. The Bragg peaks shift monotonously to theBIrCh Mu'maghan equa’qoﬁ Figure 4 plots compression
: . data obtained by averaging the three Bragg peaks. It is clear
higher two theta angle®r lowerd-spacing valugswhen the LS . . S "
. - that the compressibility is equivalent in all directions within
pressure increases, as shown in Fig. 2 for the three most ~ . " o S
strongest Bra eaks. No peak disappears. nor does are]xperlmental uncertainty. This infers no distinguishable
9 99 P : P bp ' a¥1isotropies in the icosahedral Zr—Al-Ni—Cu—Ag quasicrys-

new peak appear, so that the alloy remains icosahedral. Aft%'r;xls

release of pressuffrom 28 GP3a, Bragg peaks recover their .In conclusion, the effect of hydrostatic pressiop to
initial positions. The relative intensity and FWHM of the '
three peakgFig. 3) remain almost unchanged within experi-
mental uncertainty in the sample under pressures or aft@ABLE I. Zero-pressure bulk modulus (Band its pressure derivative (B

: PR ; for three Bragg peaks as well as the averaged values of the three peaks for
decompression. These results indicate (hathe icosahedral the icosahedral Zr-Al-Ni-Cu-Ag quasicrystals using the Birch-.

Murnaghan equation, together with data reported in the literature.
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