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Al–M (M = Ti, Cr, Mo, W) alloy coatings were subjected to DC magnetron sputtering by a rapid method to
analyze the evolution of coating structures with composition. Pure Al andM targets were used to deposit coating
arrays across the entire binary range of Al–M alloys. All Al–M alloys exhibited a specific amorphicity range. Al–Ti
andAl–Cr alloyswere completely amorphous,whereas Al–MoandAl–Walloys possessed a range of amorphous–
crystalline mixtures. Results revealed that Al–Ti alloys had the widest amorphicity range. Nanoindentation tests
indicated that the hardness andmodulus of amorphous alloys were higher than those of solid solutions for Al–M
alloys.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Amorphous alloys possessed some excellent mechanical and corro-
sion properties for their homogeneous or single-phase systemswith lit-
tle structural defects (e.g., dislocations and grain boundaries) [1]. Given
the formation ability of amorphous alloys, several empirical criteria and
rules were proposed based on their specific properties and intrinsic
characteristics [2–6]. However, a portion of the specifications only suit
for some alloys with specific production techniques; and most of the
rules are sufficient but unnecessary to form amorphous structures [7].
In addition, works on amorphous alloys are often painstaking because
of alloy diversities and production methods.

Amorphicity ranges of alloys were predicted through simulations
and calculations via an interatomic potential-based atomistic theory
[7–9]. The predictions were verified by experimental observations;
whereas the experimental amorphicity ranges were more or less
narrower than the predicted values [7]. Therefore, the amorphicity
ranges depended on the formation process.

For Al-based alloys, amorphous alloys could be obtained at narrow
composition ranges [10–27]. Several alloys are expected to possess
various amorphicity ranges [10,16,19,20]. However, the same types of
Al-based alloys prepared by different methods also present various
amorphicity ranges [7]. For instance, amorphous Al–Ti alloys possess

an amorphicity range of about 25 at.% to 74 at.% Ti by ion beam mixing
[22], and change to 25 at.% to 90 at.% Ti by mechanical alloying [23–25].
Furthermore, Al–Ti alloys produced by the same technique exhibit dif-
ferent amorphicity ranges. For instance, Metikoš–Huković obtained
amorphous alloys with 20 at.% to 55 at.% Mo [17] and 20 at.% to
33 at.% W [18] by magnetron sputtering. On the other hand, Wolowik
yielded amorphous alloys with 11 at.% to 55 at.% Mo [26] and 15 at.%
to 46 at.% W [27] through the same method as Metikoš–Huković.
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The relationship between amorphicity range and production
method induces the difficulty in comparing the amorphous structure-
formation abilities of various alloys. Therefore, determining a platform
that produces alloys under the same conditions is necessary. Hampshire
proposed a convenient method that could prepare coating arrays with
compositions across the entire binary range of alloys by co-deposition
[28,29]. The method deposited coating arrays with comparable compo-
sition. Moreover, gradient transitions of alloy structures and properties
could be studied. However, the amorphicity range was not observed in
Al–Ti alloys in Hampshire's work; hence, the results were inconsistent
with those previously reported [10–12,14,22–25].

Considering the nature formed oxide layers on the surface of the
metals (e.g., Al, Ti, Cr) and the passivation behavior of AlMo [17,26]
and AlW [18,19,27] alloys, amorphous Al–M (M= Ti, Cr, Mo, W) coat-
ings may have application prospects in corrosion–protection areas. In
this paper, a series of Al–M (M = Ti, Cr, Mo, W) alloy coatings were
prepared by the aforementioned developed method. The coatings
were analyzed to investigate the structure transitions and compare
the amorphicity range of these alloys. Furthermore, the predominant
factor that influenced the amorphicity range was studied. Finally, nano-
indentation tests were carried out for application selection.

2. Experimental method

Al–M coatings were deposited on glass substrates by magnetron
sputtering (Fig. 1). Pure aluminum (99.999% purity, Φ100 mm ×
10 mm) and pure M (M = Ti, Cr, Mo, W; 99.99% purity, Φ100 mm ×
5mm) targetswere used for deposition. TwoDCpower supplies (Pinna-
cle Plus, Advanced Energy) were separately supplied on the targets. The
angle of the target axes with the horizontal plane was set at 70° (Fig. 1).
The glass substrates were consecutively placed across the area beneath
the two targets. From this method, the coatings on left and right sub-
strates were respectively Al-rich and M-rich, thereby yielding coating

Table 1
Deposition parameters for Al–M coatings.

Al–M alloy Power (W) Deposition time (h)

On Al target On M target

Al–Ti 120 200 2
Al–Cr 140 140 2
Al–Mo 140 100 2
Al–W 120 120 2

Fig. 2. (a) Thickness and composition against position and (b) XRD results for Al–Ti alloys. (c) TEM results for Al65Ti35 coating. (d) Nanoindentation results for Al–Ti alloys.
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