
A

A
h
a
l
©

K

1

p
G
t
t
g
s
e
g
l
[
o
[
l
a
i
s
a

U

0
d

Journal of Alloys and Compounds 434–435 (2007) 135–137

Effect of Al on the local structure and stability of Zr-based metallic glasses

Junji Saida a,∗, Takashi Sanada b, Shigeo Sato b, Muneyuki Imafuku c,
Eiichiro Matsubara d,1, Akihisa Inoue d

a Center for Interdisciplinary Research, Tohoku University, Sendai 980-8578, Japan
b Research Department, Nissan ARC Ltd., Yokosuka 237-0061, Japan

c Materials Characterization Center, Nippon Steel Technoresearch Corp., Chiba 293-0011, Japan
d Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

Available online 29 September 2006

bstract

The effect of Al addition on the local structure and the thermal stability in the Zr–Ni-based metallic glass is investigated. It is well known that
l is a very effective element on the enhancement of glass-forming ability (GFA), i.e., stability of supercooled liquid state in the alloy system. We

ave found that the dominant local structure is icosahedral-like in the Zr70Al10Ni20 metallic glass and the tetragonal Zr2Ni-like local in the Zr70Ni30

morphous alloy. It is concluded that the change in the dominant local structure contributes to the enhancement of the stability of supercooled
iquid state in the alloy.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Recent studies on the icosahedral quasicrystalline phase (I-
hase) formation in several Zr-based metallic glasses with high
FA lead to the suggestion of the icosahedral local structure in

he glassy state [1–4]. Very recently, we have reported the exis-
ence of icosahedral local structure in the Zr–Cu binary metallic
lass as well as Zr-based multicomponent metallic glasses by
tructural analysis using X-ray diffraction XRD, transmission
lectron microscopy TEM and so on [5,6]. Moreover, it is sug-
ested a strong correlation between the stability of supercooled
iquid state and the icosahedral local structure in the glassy state
7]. It is well known that Al is very effective on the stability
f supercooled liquid state in the Zr–Al–Ni metallic glasses
8]. In this study, the local structure of the Zr70Al10Ni20 metal-
ic glass is examined using detailed XRD and extended X-ray
bsorption fine structure (EXAFS) measurements. We intend to
nvestigate the mechanism of the enhancement of the stability of

upercooled liquid state and comparing to that in the Zr70Ni30
morphous alloy.

∗ Corresponding author. Tel.: +81 22 795 5752; fax: +81 22 795 5756.
E-mail address: jsaida@cir.tohoku.ac.jp (J. Saida).

1 Present address: Department of Material Science and Engineering, Kyoto
niversity, Kyoto 606-8501, Japan.
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. Experimental procedures

Ribbon samples with a cross-section of 0.03 mm × 1 mm were produced
y melt spinning of arc-melted Zr70Ni30 and Zr70Al10Ni20 alloy ingots in an
rgon atmosphere. Thermal properties were measured with a differential scan-
ing calorimeter (DSC) at a heating rate of 0.67 K s−1. The local atomic structure
as studied by X-ray diffraction measurements with Ag K� radiation (50 kV

o 30 mA) and a flat graphite counter monochromator. The observed diffraction
rofiles were corrected by the Krog–Moe–Norman method to obtain an inter-
erence function. The ordinary radial distribution function (RDF) was led by
ourier transformation of the interference function. EXAFS measurements for

he analysis of the local environments around Zr and Ni atoms were performed
n beam line BL-12C at the Photon Factory of the Institute of Materials Struc-
ure Science, High-Energy Accelerator Research Organization (KEK), Tsukuba,
apan. All the measurements were done in transmission geometry at room tem-
erature. Measured spectra were analyzed using the program REX 2000 (Rigaku
orp.).

. Results and discussion

Only the single exothermic peak with the onset temperature,
x of 652 K is observed in the DSC curve of the Zr70Ni30 amor-
hous alloy. In contrast, significant glass transition (Tg = 636 K)
nd wide supercooled liquid region of approximately 66 K prior

o the single crystallization peak (Tx = 702 K) are exhibited in
he Zr70Al10Ni20 metallic glass. These results indicate that the
tability of supercooled liquid state is enhanced by the Al addi-
ion. The authors have previously pointed out the possibility

mailto:jsaida@cir.tohoku.ac.jp
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ering their distances and coordination numbers. The increase in
ig. 1. Fourier transforms of the EXAFS results of the Zr K-edge (a) and Ni
-edge (b) in the Zr70Ni30 amorphous alloy.

f existence of tetragonal Zr2Ni-like local environment in the
r70Ni30 amorphous alloy in the radial distribution function

RDF) analysis [9], however, the details are not clear. In order
o analyze the local environment around each of atom species,
XAFS measurements were performed. Fig. 1 shows the Fourier

ransformation curves of the experimental results of EXAFS
easurements of the Zr K-edge (a) and Ni K-edge (b) in the
r70Ni30 amorphous alloy. The calculated results of the tetrag-
nal Zr2Ni structure, which is the structure of the precipitated
hase of the alloy, are also denoted for comparison. While the
orphology of the curve of Zr K-edge in (a) is significantly

ifferent from that in the Zr2Ni structure, both curves resemble
ach other in the Ni K-edge in (b), indicating that the Zr2Ni-
ike local structure is formed around Ni atom in the Zr70Ni30
morphous alloy.

The effect of Al on the local structure is investigated using
DF analysis and EXAFS measurements. Fig. 2 shows RDFs
f the Zr70Ni30 amorphous alloy (a) and Zr70Al10Ni20 metallic
lass (b). By addition of Al, it is observed that the intensity of
he first peak (r ∼ 0.26 nm) decreases drastically. The first peak
orresponds to the Zr–Ni pair, of which distance is smaller than
hat calculated from their atomic radii. Therefore we suggest the

xistence of strong local ordering of the tetragonal Zr2Ni-like
tructure. Since the intensity of the first peak decreases sig-
ificantly in the Zr70Al10Ni20 metallic glass, it is recognized

t
r
m

ig. 2. Radial distribution functions (RDFs) of the Zr70Ni30 amorphous alloy
a) and Zr70Al10Ni20 metallic glass (b).

hat the Zr2Ni-like local structure is changed considerably by
l atoms addition. In fact, the coordination numbers of Zr–Zr

nd Zr–Ni are calculated to be 9.4 and 2.6 in the Zr70Ni30
morphous alloy and 9.5 and 1.3 in the Zr70Al10Ni20 metallic
lass, respectively. It is noted that the decrease in the coordi-
ation number of Zr–Ni pair is more than the decrease in the
i content by Al addition. We can conclude that the Al plays

n important role for the decomposition of the Zr2Ni-like local
tructure and the formation of novel local structure. Consider-
ng the primary I-phase formation by addition of a very small
mount (∼1 at.%) of noble metal such as Pd in the Zr70Al10Ni20
etallic glass [10], we can also investigate the icosahedral-like

ocal structure in the alloy. In order to examine the local struc-
ural similarity, we performed EXAFS measurements for the
r70Al10Ni20 and Zr70Al9Ni20Pd1 metallic glasses. The Fourier

ransforms of EXAFS results of the as-quenched Zr70Al10Ni20
nd Zr70Al9Ni20Pd1 metallic glasses and the quasicrystal (QC)-
ormed Zr70Al9Ni20Pd1 metallic glass annealed for 900 s at
70 K are shown in Fig. 3. For the Zr K-edge (a), no signif-
cant differences are observed between the Zr70Al10Ni20 and
r70Al9Ni20Pd1 metallic glasses in the as-quenched state. How-
ver, the peak intensities of the first and second shells for the
nnealed state of the Zr70Al9Ni20Pd1 sample is reversed com-
ared to that in the as-quenched state. Here, the second shell
onsists of pairs of Zr–Zr (major) and Zr–Al (minor), consid-
he peak intensity of the second shell is attributed to the slight
earrangement of Zr around Zr atoms. In the Fourier transfor-
ations of the Ni K-edge data (b), no obvious shift is exhibited
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Fig. 3. Fourier transforms of EXAFS results of the as-quenched Zr Al Ni
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nd Zr70Al9Ni20Pd1 metallic glasses and the QC-formed Zr70Al9Ni20Pd1 metal-
ic glass annealed for 900 s at 670 K.

y the main peak for the as-quenched states of the Zr70Al10Ni20
nd Zr70Al9Ni20Pd1 metallic glasses. For the annealed sample,
he profile becomes sharper, which can be attributed to ordering
ccurring in the first coordination shell. However, the shape of
rofile for the annealed sample is quite similar to that of the
s-quenched one. Therefore, we conclude that the change in
ocal environment around Ni atom is small following quasicrys-

allization in the annealed state as well as on Pd addition in
he as-quenched glassy state. It is also concluded that the local
nvironment in the glassy state does not change by the addi-
ion of 1 at.% Pd to Zr70Al10Ni20 metallic glass, even though [
pounds 434–435 (2007) 135–137 137

he propensity to form quasicrystals is significantly enhanced.
t is proposed that a common local structure exists between the
r70Al10Ni20 metallic glass and the I-phase. Considering the
orresponding atomic configurations, we suggest that icosahe-
ral order is the common local structure.

. Conclusions

We investigated the effect of Al on the local structure in
he Zr70Al10Ni20 metallic glass with a stable supercooled liq-
id state. We have found that the dominant local structure in
he alloy is different from the tetragonal Zr2Ni-like local struc-
ure in the Zr70Ni30 amorphous alloy. Considering the local
tructure of Zr70Al10Ni20 metallic glass and the QC-forming
r70Al9Ni20Pd1 metallic glass, it is found that the dominant

ocal environment remains unchanged by the addition of Pd
n the as-quenched state and also by QC-formation on anneal-
ng, which indicates that quasicrystallization proceeds without
ny significant rearrangement of the constituent elements. A
ommon icosahedral local structure is proposed. Therefore, we
uggest a correlation between the stability of the supercooled
iquid state and the icosahedral local structure in alloys contain-
ng elements such as Zr, Al and Ni, which have strong chemical
ffinities for each other.
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