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Morphological Investigation of Al-Cu-Fe Quasi-Crystalline Thin Film on Ti-
6Al-4V Alloy

ABSTRACT

Magnetron sputtering was used in the current study to deposit the quasicrystal (QC) 
coating on the Ti-6Al-4V alloy. After the sputtering process, a continuous argon 
flow at 700°C was used for two hours to anneal the Al-Cu-Fe coated samples. The 
microstructure and morphology of mixed powders and Al-Cu-Fe QC coatings were 
examined using scanning electron microscope (SEM) analysis and X-ray diffraction 
(XRD). The Al62.5Cu25Fe12.5 powder mixing was used as the target of the magnetic 
sputtering process. Al-Cu-Fe thin layer's deposition on the Ti-6Al-4V alloy surface 
took place with no cracks and a thickness of approximately 4000 nm. As shown 
by calculations, five facet shapes had a size of nearly 643 nm. The XRD patterns 
confirmed the presence of Al3Fe, AlTi2, and Al65Cu20Fe15 phases after the post-heat 
treatment coating.
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resistant, they can be promising candidates for various 
practical applications. Research [2] has highlighted the 
potential titanium alloy’s wear resistance enhancement 
(grade five) by developing mixed quasi-crystalline (QC) 
coatings. Al-Cu-5Fe coating had a 2.8 times higher wear 
resistance than the substrate. Even though QCs face prac-
tical limitations as structural materials because of their 
brittleness, researchers are increasingly interested in their 
applications as functional materials in various areas, in-
cluding catalytic agents for hydrogen production, due to 
their unique properties [3, 4].

Plasma spray and High-Velocity Oxygen Fuel 
(HVOF) have extensive applications in producing quas-
icrystalline coatings, however there may be several chal-
lenges in their utilization, including porosity, unmelted 
particles, cracks, and oxides [5, 6]. One of the extensively 
used methods for deposition wear and corrosion-resistant 
coatings is magnetron sputtering. The substrate tempera-
ture is among the influential factors in the quasicrystal-
line phase formation [7, 8]. The semicrystalline phase is 
developed following QCs deposition on the substrates 
under room temperature and subsequent heat treatment. 

1. Introduction

The unprecedented characteristics of titanium and 
its alloys, comprising biocompatibility, high strength-to-
weight ratio, and low elasticity modulus, have enabled 
their extensive employment in various industries, includ-
ing automotive, biomedical, and aerospace. Despite its 
distinctive characteristics, Ti-6Al-4V alloy has limited 
practical applications, particularly concerning tribolog-
ical functional properties [1]. Since quasicrystalline ma-
terials are significantly hard and remarkably corrosion-
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Yet, the main challenge of adjusting stoichiometry in 
QCs still requires consideration [9-12].

Al-Cu-Fe-based quasicrystalline thin films on Si and 
Al2O3 substrates represent exceptional surface and me-
chanical characteristics. Reports show that quasicrystals 
directly grew in multilayer Al-Cu-Fe thin films following 
the heat treatment process [13]. The assembled targets’ 
three-electrode ion-plasma sputtering enabled success-
fully employing quasicrystalline and film coating [14]. 
The Al-Cu system ensured the quasicrystalline phase for-
mation under temperatures nearly >500 (T>500°C) [15]. 
The i-phase experienced increased amount and grain size 
during the annealing process [16]. More nucleation rates 
were reported for phases with a polyhedral atomic sub-
structure in QCs throughout the system [17]. If AlCuFeB 
coating is applied under such conditions, cracks may be 
generated within the targets over the film deposition, 
leading to statistical deviations in the coating composi-
tion [7]. The Al–Cu–Fe QCs are highly resistant to cor-
rosion and have appropriate hydrogen storage to be used 
throughout catalytic reactions. Under low temperatures, 
similar thermal characteristics can be found between 
these alloys and zirconia oxides, known to be excellent 
insulators [18].

In the current research, the QC coating was deposited 
on the Ti-6Al-4V substrate using magnetron sputtering, 
then investigating and comparing the microstructural of 
the substrate and the coated sample.

2. Experiments 

Experiments were conducted using aluminum, iron, 

and copper powders which were considered to have a 
99.9% purity. A planetary ball mill with a 150-rpm rota-
tion speed was used for 1.5 h to mill the powder mixture, 
then its drying and compressing into discs using a uniax-
ial hydraulic press. The next steps were to prepare and 
wash the surface of the samples. Magnetic sputtering was 
then employed to deposit Al-Cu-Fe coating on Ti6Al4V 
alloy under a 2.5×10-3 mbar pressure argon gas, and room 
temperature.  After the sputtering process continuous ar-
gon flow at 700°C was used for two hourss to anneal the 
Al-Cu-Fe coated samples [9,10]. The samples underwent 
X-ray diffraction measurements after annealing using 
the Grazing-XRD method. SEM (VEGA II SCAN) and 
FESEM were utilized to examine the samples’ micro-
structure. Moreover, a relative metal composition was 
determined by energy-dispersive X-ray spectroscopy. 
The schematic image of the sample preparation and sput-
tering process is shown in Fig. 1.

3. Results and Discussion 

Fig. 2. indicates the cross-section and the elemental 
distribution map prepared from the AlCuFe coating’s 
cross-section, revealing a nearly 4000 nm thickness for 
the AlCuFe thin film. The target showed no cracks or 
breaks throughout the 135 minutes of sputtering, appro-
priately preparing it by the mixing methodology, ulti-
mately resulting in the development of an AlCuFe thin 
film. Fig. 2. shows the micrograph of the samples pre-
pared using the backscattered electron detector, indicat-
ing a brighter area associated with the thin film than the 
substrate. AlCuFe coating formation on the Ti-6Al-4V 

  

 

 

 
  Fig. 1. Schematic image of the sample preparation and sputtering process 4V substrate.
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the significantly high catalytic effects for methanol steam 
reforming [21, 22]. 

Fig. 3. indicates the thin film as sputtered and post-
heat treatment morphology under 700°C for two hours. 
As shown in Fig. 3-a. sputtering, the surface of the coat-
ing is completely uniform and no cracks or separation 
have been observed. After heat treatment under 700°C 
for two hours, Five-facet morphology was obtained after 
heat treatment under 700°C for two hours. A thoroughly 
continuous coating surface is observed with no evident 
cracks during post-annealing.

alloy as the substrate was highlighted by the distribution 
of titanium and vanadium elements and Al, Cu, and Fe. 
As shown by the evidence, neither Cu nor Fe could be 
found in the substrate areas, revealing increasing gradi-
ents for Cu and Fe and a decreasing trend toward Ti thin 
film areas. Other researchers have found an 85-260 nm 
thickness for Al-Cu-Fe and thin film [19]. In addition, 
sputtering has led to 200-260 nm thicknesses for Al-Cu-
Fe and Al-Cu-Fe-Sc quasi-crystalline films [20]. Besides, 
the distribution map of aluminum, copper, iron, and oxy-
gen elements of AlCuFe quasi-crystalline coating proved 

  

 

 

 

  

  

 

 

 

 

 

 

  

Fig. 2. (a) Cross-section AlCuFe coating on Ti-6Al-4V substrate, (b) distribution of elements of as sputtered AlCuFe 
coating on Ti-6Al-4V substrate.

Fig. 3. AlCuFe coating surface morphology on Ti-6Al-4V substrate (a) as sputtered, (b) post-heat treatment under 
700°C and two hours.
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indicating the formation of a coating on the Ti-6Al-4V 
substrate.

Fig. 6. reveals the XRD findings for post-anneal-
ing and as-sputtered AlCuFe coating on Ti-6Al-4V. 
The XRD pattern associated with the AlCuFe coating 
confirms that Al3Fe, AlTi2, and Al65Cu20Fe15 quasi-crys-
talline ternary phases. The quasi-crystalline phase of 
Al65Cu20Fe15 after annealing has been reported in oth-
er studies [1, 23]. The Al3Fe, AlTi2, and Al65Cu20Fe15 
phases mentioned in the XRD result have been reported 
in previous research [24, 25]. Based on the five-facet 
morphology (as shown in Fig. 4.) of the shapes and 
the identification of the Al65Cu20Fe15 phase, the Al-
CuFe quasi-crystal thin film has been successfully 
obtained.

Fig. 4. shows the post-heat treatment morphology of 
thin film under 700°C and two hours at high magnifi-
cation (magnification 5000, 35000, and 70000). During 
sputtering and post-annealing, a thoroughly continuous 
coating surface with no evident cracks. The five-facet 
morphologic representation, highlighting the existence 
of quasicrystal, was found in the morphology of the 
annealed thin film. The five-facet shapes had a size of 
about 643 nm as can see in Fig.4. c. Fig. 5 shows the 
distribution map of the thin film element following a 
2 h heat treatment at 700°C, leading to a completely 
continuous coating surface with no visible cracks. The 
identical Al, Cu, and Fe elements’ distribution on the 
AlCuFe thin film surface justifies the AlCuFe coating 
development. It presents some areas with no titanium, 

  

 

 

 

 

 

 

 

 
  

  

 

 
 

 
  

Fig. 4. Surface morphology of post-heat treatment thin film under 700°C and two hours (a) Magnification 5000, 
(b) Magnification 35000, (c)Magnification 70000.

Fig. 5. (a) Surface morphology of post-heat treatment thin film under 700°C and 2 h, distribution map for the thin 
film’s elements: (b) Aluminum, (c) Titanium, (d) Iron, (e) Cooper.
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activities, J Alloys Compd. 2020; 834: 155–62.  
[5] Parsamehr H, Chen T.S, Wang D.S, Leu M.S, 
Han I, Xi Z, et al. Thermal spray coating of Al-Cu-Fe 
quasicrystals: Dynamic observations and surface 
properties, Materialia. 2019; 8: 100432.  
[6] Mora J, García P, Muelas R, Agüero A, Hard 
quasicrystalline coatings deposited by HVOF 
thermal spray to reduce ice accretion in aero-structures 
components, Coatings. 2020; 10(3): 290.  
[7] Shaĭtura D, Enaleeva A.J, Fabrication of quasicrys-
talline coatings: a review, Crystallogr Rep. 2007; 52(6).  
[8] Widjaja E.J, Marks L.J, In situ studies of magnetron 
sputtered Al–Cu–Fe–Cr quasicrystalline thin films, Thin 
Solid Films. 2002; 420: 295–9.  
[9] Parsamehr H, Lu Y.J, Lin T.Y, Tsai A.P, Lai C.H, 
In-situ observation of local atomic structure of Al-Cu-Fe 
quasicrystal formation, Sci Rep. 2019; 9(1): 1245.  
[10] Parsamehr H, Yang C.L, Liu W.T, Chen S.W, Chang 
S.Y, Chen L.J, et al. Direct observation of growth and 
stability of Al-Cu-Fe quasicrystal thin films, Acta Mater. 
2019; 174: 1–8.  
[11] Parsamehr H, Chang S.Y, Lai C.H, Mechanical and 
surface properties of aluminum-copper-iron quasicrystal 
thin films, J Alloys Compd. 2018; 732: 952–7.  
[12] Widjaja E.J, Marks L.D, Microstructural 
evolution in Al–Cu–Fe quasicrystalline thin films, Thin 
Solid Films. 2003; 441(1–2): 63–71.  
[13] Olsson S, Eriksson F, Birch J, Hultman L, Formation 
of α-approximant and quasicrystalline Al–Cu–Fe thin 
films, Thin Solid Films. 2012; 526: 74–80.
[14] Ryabtsev S, Polonskyi V, Sukhova OV. Structure 
and corrosion of quasicrystalline cast alloys and Al–Cu–
Fe film coatings, Mater Sci. 2020; 56(2): 263–72.  

4. Conclusions 

•	 Deposition of the Al-Cu-Fe thin layer on the surface 
of the Ti-6Al-4V alloy was successfully conducted 
with no cracks and an approximately 4000 nm thick-
ness.

•	 The size of five facet shapes was calculated to be 
about 643 nm. 

•	 The XRD patterns associated with the post-heat treat-
ment annealed coating confirmed that Al3Fe, AlTi2, 
and Al65Cu20Fe15 phases were present.

Acknowledgements 

Material & Energy Research Center (MERC). 

References 

[1] Gupta M.K, Etri H.E, Korkmaz M.E, Ross NS, 
Krolczyk G.M, Gawlik J, et al. Tribological and 
surface morphological characteristics of titanium alloys: a 
reviewو Arch Civ Mech Eng. 2022; 22(72).  
[2] Fatoba O, Akinlabi S, Akinlabi E, Gharehbaghi 
R, Microstructural analysis, micro-hardness and wear 
resistance properties of quasicrystalline Al–Cu–Fe 
coatings on Ti-6Al-4V alloy, Mater Res Express. 2018; 
5(6): 066538.  
[3] Litynska-Dobrzyńska L, Stan-Glowinska K, Wójcik 
A, Duraczyńska D, Serwicka E.M, Microstructure and 
catalytic activity of melt-spun Al-Cu-Fe ribbons, Mater 
Sci Forum. 2020; 985: 109–14.  
[4] Mishra S, Yadav T, Singh S, Singh A, Shaz M, 
Mukhopadhyay N, et al. Evolution of porous structure on 
Al–Cu–Fe quasicrystalline alloy surface and its catalytic 

  

 

 

 

 
  

Fig. 6. XRD results for AlCuFe coating on Ti-6Al-4V as sputtered and post-annealing.
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