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Abstract

In this article we will cover a study of the formation of icosahedral and decagonal phases two quasicrystals
Algy,,Cuys,3Fern,s And AlgsNijsCoyg,and the influence of oxidation in this alloy. For this purpose research
used the diffraction of X-ray (XRD), scanning electron microscopy (SEM)/Energy Dispersive Spectroscopy
(EDS), Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TG) .The results
displayed found aspects of morphological structural as well as the surface of the two compositions of
quasicrystals, these were prepared and obtained in electric arc furnaces and induction and arc. Oxidation of
Alg,,,Cuys,3Fery,s alloy, intermetallic phases presented with combinations of alloying elements and above
675°C it was observed that the crystalline phase is stable. In icosahedral phase oxidation of aluminum forms
a dense layer on the passivating outermost surface of the quasicrystal which causes depletion in both copper
and iron.In AlgsNijsCoy nominal composition of oxygen interaction occurs on the surface of symmetry
10 times plane perpendicular vector .The formation of a thin film of aluminum oxide having well-ordered
hexagonal structure and with the opposition area decagonal phase with the lateral size of approximately 35 A.
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Introduction such as high hardness, low electrical and thermal
conductivity, low surface energy, accompanied by a
The quasicrystals are interesting materials with low coefficientfriction, strong corrosion resistance
scientific research more than two decades. However, and good hydrogen storers for use in catalysis.”
arouse the curiosity of researchers in search of new ) )
knowledge on the subject. But the advantages are Quasicrystals are thermodynamically stable
related to the quasicrystalline alloy provides in terms under con.dltlons of high temperatures above 800?C
of applications in the technological field. Discovered under an inert gas atmospher’e.But the system with
by (Shechtman 1984), the quasicrystals is solid with AlCuFe elements shows the 109§ahedral phase, one
long-range crystallographic prohibited rotational Of_ the most researched compositions by schglars on
symmetries and aperiodic in the atomic arrangement, this sub]ect.However, for the format}on of quas1crys§als
with unusual physical properties.”” there are other important phases in quasicrystalline
alloy process.Typically, intermetallic, amorphous
The compositions of the quasicrystalline alloys aqd crystalline phases are systems baseq on combinations
are usually ternary or binary; some compositions with other elements andAl, Co,Ni,Cr,F e,Mg, Zr,
have been research and success for certain uses. Ti, Zn e Cu,are formed due to phase transitions
Among the other compositions of quasicrystals, of existing bf:tween one phase and another on a solid
course the most investigated to know; AlCuFe, state reaction.
AIMnPd,AINiCo,Al-Pd-Mg, Al-Cu-Co,Al-Co-Fe-Cr. The quasicrystalline allloys exhibit rotational
These quasicrystalline alloys have shown good properties and structural symmetries with five, eight, ten and

twelve have formations icosahedral, decagonal

J.Met.Mater.Miner.26 (1) 2016, DOI:10.14456/jmmm.2016.2

*Corresponding author E-mail (s):cristina.ufcg @gmail.com., rodbari.ufpe@gmail.com.,
luciano.ufpe@gmail.com., padron@df.ufpe.br., celmy@ufpe.br.



10 CRISTINA, L. et. al.

and dodecahedronin general deference of a unit
cell structure.”’

The solid crystalline which are usually studied
in research centers is; AlgsCuy,.sFeiy s, and interestingly
the quasicrystalline phase is the result of a peritectic
reaction phase 3, - AlFe; and the remaining liquid.
But is AlCuFe formation is rich in aluminum and of
course the coexistence of icosahedral quasicrystalline
phase y with other phases belonging.

The mechanical conventional methods of
obtaining quasicrystals are influenced by synthesis.
Therefore, allows the preparation of widely varying
composition and existence of phases, making it
easy to technology.

The quasicrystals have two structural namely;
Icosahedral (AlCuFe) and decagonal (Al-Ni-Co,
Al-Cu-Co) in this training phase related particulate
grain and the preparation process.As well, the difference
in concentrations of the two quasicrystalline materials
to be balanced by interdiffusion in a transitional region,
thereby forming to-one quaternary alloy AlCo (Cu, Ni)
of the crystal in a narrow region.

The alloy composition AICuFe whose main
phase is icosahedral, arising from other previous phases.
In this mechanism the cubic phase B-Al (Fe, Cu),
predominates is the main driving force in the formation
of the icosahedral phase. Consequently, this solid solution
(B phase) regulates the composition of the alloys in
the transformation to icosahedral y phase.”

The two compositions decagonal quasicrystalline
alloys (AlCuCo and AINiCo) have its formation of a
solid solution that derives from a common phase
between both systems (ALCO) in that copper the
compensation for the nickel. But, the decagonal phase
is directly peritectic reaction with the liquid phase
and the amount of aluminum present.

Most of these quasicrystalline alloys are metastable
which become irreversibly at regular crystals after
heat treatment or amorphous shape with small crystals
of irregular shape. It has shown that almost crystalline
phase formed in Alg,,Cuys,zFers,s conventionally
solidified alloy is thermodynamically stable and do
not suffer abrupt transformation phases (There may
be small regions and amorphous intermetallic traces)
until the melting point to 1135 K.

However, the literature has shown that the
quasicrystals icosahedron and decagonal phase is
stable at high temperatures and transform the crystals
and quasicrystalline phases low temperature.©

Studies were performed with the decagonal phase
with the AlCuCo alloying, have shown that type CsCl
cubic phase and bright dashes symmetrical around the
decagonal phase; in sequential Al,Cu intermetallic
occurs with gray regions between the grains.”

The that diffuses scattering in decagonal
quasicrystals spreads on the reciprocal two-dimensional
planes and perpendicular to the axis of symmetry,
while the icosahedral quasicrystalline alloy spreads
over the three-dimensional reciprocal space.

This paper reports a study on the formation of
icosahedral and decagonal phases, as well as oxidative
behavior of each quasicrystal system AlCuFe and AICoNi.
For this purpose we used the following techniques;
X-ray diffraction (XRD), scanning electron microscopy (SEM)
and energy dispersive spectroscopy (EDS), calorimeter
Differential Scanning (DSC) and Thermogravimetric
Analysis (TG).

Materials and Experimental Procedures
Oxidation of the phase icosahedral and Decagonal

Oxygen generally exhibits different affinities
with the intermetallic compound elements, leading
to selective oxidation. However, oxygen reacts at
the surface of quasicrystalline alloy metal oxides
formed and the interface region beneath the oxide
layer is preferably oxidized in the exhaust element.

The work of Wemner et al® showed the composition
AlCuFe oxidation starts with the growth of sequentially
7 —AlO, are formedd— Al,O, thereby have a strong

nuclei of aluminaa—AIZQ at the interface oxide /

metal random manner through the copper layer growth;then
processing occurs &— AlLO, fora — Al,O,,These steps

occur at elevated temperatures.

In the oxygen quasicrystalline alloy reacts in
quasicrystal surface forming metal oxides. The interface
region beneath the oxide layer is preferably oxidized in
the exhaust element. Thus the concentration is shifted
out of the range of stability may occur phase quasicrystalline
and a phase change.”’

In the system of quasicrystalline alloys AINiCo
has occurred in the formation of thin layers of oxides,
by preference oxygen is bonded to aluminum, nickel
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continue while the metallic state. However, the
atomic structure of the oxide layer of the binary
NiAl alloy (110) is complex has certain similarities
with the hexagonal phases of aluminum oxide.

The composition of the aluminum oxide layer
on the icosahedral phase to AlICuFe was observed by
Chang et al."” an aluminum enrichment tendency on
the outer surface of quasicrystals. But the behavior
of intermetallic components of quasicrystals in the
presence of oxygen shows that the aluminum
atoms move the mass to the surface. It is assumed

to be due to the driving force provided by the
exothermicity of the oxide being higher, the other
alloy constituents as shown in figure 1 below.

Figure 1. dense layer of alumina formed on the outermost
surface of the AlCuFe alloy quasicrystalline.

According to S. Burckhardt et al, observed for
the family of quasicrystal AINiCo, the behavior of
oxidation starting the technique of diffraction low-
energy electrons (LEED); there is a decrease in
quasicrystalline substrate, meaning a loss in intensity
oxide structural layer.Completing this way, the oxide
layer on the surface amorphous and crystalline
continuously grows throughout the oxidation process.
Thus, the points of electron diffraction correspond
to aluminum to form film, which deposits on the surface
decagonal AlgsNijsCoyg. Resulting in growth of the
size of the field oxide layer between the quasicrystal/
crystal interface."

According to studies of oxidation Dubois and
his collaborators, the quasicrystalline alloy in the
i-AlCuFe phase, the initial oxide layer is thin at a

temperature of about 670°C. The aluminum oxidation
was still observed even after a long exposure to more
than Langmuir 7000. The existence of a dense layer
with passivating and inhibiting property copper
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oxidation, as it influences the properties of adhesion/
adsorption "%

Materials and Methods

The metallic powder aluminum, iron, copper,
cobalt and nickel as its particle size, having a 99.9%
purity, from Aldrich Chemical, wereweighed in the
appropriate proportions composition (Alg,,Cuys,sFers,s
e AlgsNi;s Coy),They were mechanically homogenized
and compacted in the form of disc with a diameter
of 10 mm and 2 mm thick in a hydraulic uniaxial
press. Initially, it made a pre-pressing under full load
of 5 ton for 3 minutes. The precursor alloys were
obtained by direct fusion of compressed constituents.
The fusion was carried out in arc furnace under
controlled atmosphere of argon. The arc furnace is
fed by a static rectified BALMER generator whose
power is 22 kVA. For the identification of the phases,
it used a Shimadzu XRD 6000 diffractometer using
CuKa radiation with a wavelength of 1.5406 A.

The measurements were taken for a wide
range of diffraction angles (20) range from 20° to
120° angular pitch 0.05° and a timing point at 2.4 s.
The analysis by SEM / EDS was performed with a
Shimadzu SUPERSCAN SSX-550 with an acceleration
voltage of 0.5 to 30kV with a 10V step, after the
sample has been coated with a gold layer deposited
under vacuum in order to improve contrast.

The thermo gravimetric analysis (TGA) and
differential scanning calorimeter (DSC) were made on
a Perkin Elmer TG 6000 STA TE equipment. Samples
of quasicrystalline alloys were properly weighed
and subjected to heating from ambient temperature
(approximately 27°C) to 750°C at a heating rate of
10°C/ min under an inert atmosphere with nitrogen
flow of 50 ml/ min.

Results and Discussion

X-ray diffractogram

Both Figures 2 and 3 show the XRD patterns
of the compositions of quasicrystals (Alg,,Cuss,sFers
and AlgsNij5Coy), as is shown below respectively.
The diffractogram 1 shows different layer phases
present, is main peak in icosahedral phase and others
to monoclinic phase A-Al;Fe,, the other peaks is
related to the cubic structure of the type of CsCI(jB-
AlFe(Cu) or 1-AlCu (Fe), and 8-Al,Cu tetragonal
phases were detected. However, the crystalline phases
are in equilibrium with each other; but between the
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crystalline phase’s ® and [ icosahedral phase has a
great similarity. The coordination of Fe atoms is very
similar in both structures, the more this phase appears
in three fields. Interestingly, thequasicrystallinei-phasealways
coexists with B-crystalline."® The equilibrium solidification
for this transformation is the primary forming A-
Al;Fe, phase in the liquid phase giving rise to
more of B phase by a peritectic reaction and finally
the phase-i is formed by one second peritectic

reaction of the type L + B + A — phase-i.!'¥

The diffraction X-ray from the sample AINiCo
show three decagonal phases. In this structure is a
nearly periodic symmetry plane along the direction
perpendicular to these planes. Subsequently Al-Co,
Al-Ni and Ni-Al-Co; and the periodicities of approximately
04, 0,8,1,2 and 1,6nm in a specific direction, meaning
that there was a rapid solidification in this composition.
To identify AlgsNijsCoy alloy formed plans for five
reciprocal vectors corresponding to five adjacent

2 . . .
planes?ﬂwnh an angle of six vectors perpendicular

to the other planes.All diffraction peaks observed in
the quasicrystal may be indexed in a single decagonal
phase and no diffraction peaks corresponding to
other phases. The value AQ of the decagonal alloys

are smaller than icosahedra’s alloys, the difference
is particularly remarkable in the main peak reflection,
Q = 30.0nm " indicating that the characteristic magnitude
of the voltage to the phason of quasicrystalline
structure is considerably lower for decagonal phase
even after rapid solidification."”

i-quasicrystalline
p-crystalline

o-Al Cu,Fe,

2500 4
1A Cu,

2000
1500 4 i

1000

500 P BB :
MMW . h"“‘* W
T T T T T T T T T T T T
o 2 4 6 8 10 12 14 16 18 20 22
26(°)

Intensity(u.a)

Figure 2. XRD pattern of quasicrystalline alloy Alg,,Cuys,;
Fei,s
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Figure 3. X-ray diffractogram (XRD) of the sample
A165Ni|5C020 melt 900°C.

Scanning electron microscopy and EDS

In this electron microscopy analysis scan has
as objective to verify surface morphology of the
two quasicrystalline alloys; More EDS spectrum of
the sample.EDS peaks correspond to the different
elements present in the samples that were obtained
by the arc furnace. This surface of Figure 4 of Alg,,,
Cuys,sFep,,5 noted faceted, with disagreements format
"cauliflower". It is seen that the nucleation of B phase
can occur in which sites, platelet grow from this
interface to the core of small crystals nodules form
on the icosahedral phase.But, it is appropriate to
say that the refinement in grain boundaries and /or
grain surface with protrusions. In this initial phase
oxidation observes a surface topography mode, to
form a thin oxide layer with a thickness in micrometers
(um.) After a period of two hours lumps are observed
irregularly distributed on the grain surface.

We verified this second SEM image, corresponding
to Figure 5 of the quasicrystal AlgsNi;sC0yy oxidative
behavior surface 10 times the symmetry of quasicrystalline
alloy. For this D-AINiCo composition is seen that the
oxidation occurs in consequence, the dissociative
adsorption of oxygen, which leads to a very thin layer
of chemically oxygen.Similarly, the previous image
AlCuFe alloy, the formation of nodules islands, which
form a layer of aluminum oxide with a thickness of
5A consisting of five different areas of hexagonal
structure that are placed in the same azimuthal
orientation on the surface.'”

From Spectroscopy analysis of excited electrons
by X-ray (LEED) Parka et al."” observed a tendency
of aluminum enrichment in the outermost surface of
quasicrystalline alloys. More is initially chemisorption

J.Met.Mater.Miner.26 (1) 2016, DOI:10.14456/jmmm.2016.2



Formation of Phase Icosahedral and Decagonal Quasicrystalline Alloys 13
A|62,20U25,3F912,5/A|65Ni15c:020 Influence on The Oxidation

of oxygen; secondly forming an oxide thin film.
The growth of this film exhibits reach saturation in
about 50 L. This is clearly saturation kinetics nature
since once few monolayers of oxide are formed,O,
chemisorption rate and ionic transport through the
oxide film is extremely low in ambient temperature.

Composition analysis with an EDS as shown
in Figure 6 shows that the regions are composed
mainly of Cu,Fe,O and a small amount of Al that
can complex with Cu, Al,O;, AlFe;, Al;Cu, Cu,0O
and Fe;04 or CuFeO, since the phases present in
the transformation is due to the strong presence of
Fe conduction electrons and Cu which are protected
by the thin layer of aluminum oxide which enables
the peritectic reaction between the phases of vy-
AljsFeq liquid and to form the highly dense phase
®-ApCuyFe;. The nodules represent § phase droplets
formed mainly by surface tension of liquid (saturated
caused by solid state reaction) in a bubble or hollow
retraction (cavity) solidified in its original liquid form.

Therefore EDS can be seen in the spectrum of
Figure 7, a more intense peak showing the greatest
concentration of aluminum, this is due to higher
amount of cobalt in nickel ratio in the decagonal
phase. It must be said, the ternary composition AINiCo
in decagonal phase occurs by substitution of Co and
Ni, comes a vacancy formation in quasicrystalline
alloy structure; this produces a disorder of the type
of solid solution.The diffuse scattering is often
observed in the XRD patterns in the decagonal phase.
However, it should be noted that the portion contains
higher amount of aluminum is from a continuous
band solidly solution- £ of isostructural AICoandAINi.

This decagonal phase is formed along on Al;;Coys-
AlgoNi3;. Soon, you can check in the EDS spectrum
is the second highest peak of the cobalt atom (Co).
In decagonal phase quasicrystal presents stable structural
variations; we noted the part with cobalt wealth is due
to another structure similar to that of Al-Co-Pd in
 -phase. In other compositions there are also other
phases like decagonal orthorhombic."® They were
obtained by hybridization at a temperature of 800-
900°C,while at higher temperatures, depending on the
composition, and decagonal phase that was formed.
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Figure 4. Morphology of showing nodules islands of
quasicrystalline alloy Alg,,,Cuss,3Fers,
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Figure 5. Structure of nodular decagonal phase of the
quasicrystal AlgsNijsCoyo.
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Figure 6. Analysis of EDS quasicrystalline alloy Alg;,,
Cuys,sFern,s
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Figure 7. EDS representation of quasicrystalline alloy
AlgsNi;5Coy

Thermal analysis DSC and TG

Figure 8 shows the DSC curve behavior as
can be seen, it is well accentuated curvature at the
temperature of 300°C to characterize an endothermic
peak. Showing us that it is the aluminum melting point
and pure copper in the formation of quasicrystalline
alloy. This endothermic peak Corresponds to melting
of pure Al powder, Cu, Following the dissolution of
the liquid iron (Fe), after mechanical casting process.
Therefore, at this phase in the quasicrystalline alloy
AlCuFe is being processed by the arc furnace mergers,
Al and Cu elements are coming into contact with one
another in low-temperature is displayed on the graph.

So is revealing reaction is a eutectic melting,
as is seen in the literature in binary phase diagram
Al/Cu eutectic temperature. Underlining this stage
of the mechanical process there is a predominance
of aluminum the other copper and iron elements.
However, we have an exothermic peak temperature
of 800°C informing the occurrence of a series of
solid crystalline phase transformation during heating
for quasicrystalline phase. As is the homogenization
of the alloy composition is gradually completed
obtain the w-Al,Cu,Fe intermetallic to the main
phase icosahedral.

As can be observed in the TG curve quasicrystalline
alloy AlCuFe occurred small mass loss at temperatures
as follows; The first mass loss was at 40°C for a
percentage of 21.4%;Yet another loss occurred at
100°C for 21.6%; The third significant loss occurred
at 410°C 21.9%; With increasing temperature of
700°C obtain a mass reduction of 22.6%. However,
at lower temperatures thermal decomposition decreases
with decreasing particle size, becoming a solid
mass loss held between 45°C to 820°C. It can be
said that the decomposition temperature provides

an enrichment of the element composing the quasicrystal
and also a depletion of the alloying element in
different regions of the grain.

Thus, the DSC curve for the training quasicrystal
AlgsNi5Coy revealed similar factors with AlCuFe,
but we note that the endothermic peak occurred at
a transition temperature from 320°C to 400°C. In
the literature it is considered that the phase boundaries
are displaced from the use of mechanical synthesis
process.Moreover, it is likely will change the decagonal
face occurs in structural relaxation. Naturally, cooling
and heating peaks composition AINiCo alloys is
reversible martensitic transformation. Other possible

[ -crystalline phases is coexists with the solid solution
phase is of face-centered y -cubic.However, the

formation of crystalline domains AINiCo thermal
diffusion is the predominant effect, enabled only
by Al atom being caused by plastic deformation in
the decagonal phase."”

In referring to the TG curve of Figure 9 of the
quasicrystal AlgsNijsCoy exhibited more significant
mass loss of points in terms percentage/temperature
AlCuFe. Initially, the first mass loss event has occurred
at 35°C for 25.65% percentage. Then, the second
weight loss occurred at a temperature of 395°C in
25.8%.The third and fourth points passed in certain
temperatures 510°C with 25.9% and 700°C to 26.0%.
The fifth point occurred at a temperature of 805°C
to a mass loss of 26.2%. These weight losses shown in
the TG curve has an influence on the oxidation of
almost linear quasicrystal and the atmosphere of
the environment.
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Figure 8. Representation of DSC and TG curves in
the quasicrystal alloy Alg,,,Cups,sFeqa,s.
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Figure 9. Representation of DSC and TG curves energy
flow and mass of the quasicrystal AlgsNi;sCox.

Conclusions
The main conclusions of the research are as follows:

1. The quasicrystalline phase becomes stable
above 675°C and the crystalline phase a solid solution
which controls the formation of quasicrystalline phase.

2. In this decagonal alloying AlgsNijsCoyg
is the saturated type with vector perpendicular plane
and rich of cobalt atom.

3. The effect of the high temperature causes
variations in boundary defects of the quasicrystal
AINiCo grains, these displacements are related to
the temperature range default phason.

4. The A-AljsFe4 phase in the liquid phase
giving rise to B-crystalline by peritectic reaction and
form the i-phase which is comprised of a second
type peritectic reaction L + 3 + A — phase- i.

5. The volume of distribution of the cobalt
atom (Co) in quasicrystalline alloy Al-Ni-Co got a reverse
anisotropic diffusion behavior for self-diffusion
along the periodic and aperiodic direction surface.

6. The existence of y-ALO; provides the spinel
formation on copper and iron oxidized forming CuO
and FeO.

7. Oxidation of aluminum by changing concentration
in the near-surface area induces phase transformation.
Such transformations are abrupt since intermetallic
phases are observed.

8. The decagonal quasicrystals oxidation effect of
Al-Ni-Co proceeds in oxygen consumption divided
into two crucial stages; the first chemisorption have a
rapid exposure to LangmuirlO to 20; the following
by a slower absorption presumably the formation
of oxide thin film.

Acknowledgments

The authors thank PRH 28/ MCT/ANP for
the financial support of this work and the Magnetism
Group Laboratory and magnetic-MMM Materials
Department of Physics and the Department of
Fundamental Chemistry (Central Analytical) Center
of Exact Sciences and Nature UFPE and CETENE.

References

1. Shechtman, D., Blech, 1., Gratias, D. and Cahn, J.W.
(1984). Metallic phase with long-range
orientational order and no translational
symmetry. Phys. Rev. Lett., 53 : 1951-1953.

2. Bonasso, N. and Pigeat, P. (2003). Preparation
of Al-Cu-Fe ultra-thin quasicrystalline films
without protective coatings by MBE: influence
of processing. Mater. Sci. Eng., A 349 :
224-229.

3. Srivastava, V.C., Huttunen-Rivirta, E., Cui, C.,
Uhlenwinkel, V., Schulz, A, and  Mukhopadhyay, NK.
(2014). Bulk synthesis by spray forming of
Al-Cu—Fe and AI-Cu-Fe—Sn alloys containing
a quasicrystalline phase. J. Alloys Compd.
597 : 258-268.

4. Rosas, G. and Perez, R. (2001). On the transformations
of the y -AlCuFe icosahedral phase. Mater.

Lett. 47 : 225-230.

5. Tsai, A. (2008). Icosahedralclusters,icosahedral
order and stability of quasicrystalsa view of
metallurgy. Sci. Technol. Adv. Mater. 9: 1-21.

6. Yurechko, M., Grushko, B., Ya, T. and Velikanova, K.
(2004). URBAN. A comparative study of
the Al-Co-Pd and Al-Co-Ni alloy systems.
J. Alloys Compd. 367 : 20-24.

7. Xinb, L., Yoshiaki, O., Susumu, T. and Gencang, Y.
(2007). Thermal stability of decagonal quasicrystal
prepared from undercooled Al,,Ni;,Coye alloy
melt. Mater. Lett. 61 : 5164-5168.

8. Wehner, B.1., Meinhardt, J., Koster, V., Alves, H.,
Eliaz, N. and Eliezer, D. (1997). Oxidation
hydrogenation of quasicrystals. Mater. Sci.
Eng., A 226-228 : 1008-1011.

J.Met.Mater.Miner.26 (1) 2016, DOI:10.14456/jmmm.2016.2



16 CRISTINA, L. et. al.

9. Rouxel, D., Gil-Gavaltz, M., Pigeat, P. and Weberg, B.
(2005). Oxidation kinetics of the quasicrystalline
i~AlCuFe phase compared with that of crystalline
w -AlCuFe and pure aluminum. J. Non—
Cryst. Solids. 351 : 802 — 809.

10. Chang, S.L., Anderegg, J.W. and Thiel, P.A.
(2003). J. Non-Cryst. Solids. 195 : 95.

11. Burkardt, S., Erbudak, M. and Mider, R. (2009).
High-temperature surface oxidation of the
decagonal AICoNi quasicrystal. Surf. Sci.
603 : 867-872.

12. Dubois, J.M., Jeevan, H.S. and Rrnganathan, S.
(1998). Quasicrystals, Ed. S. Takeuchi &
T. Fujiwara, (Singapore: World Science).

13. Gogebakana, M., Avar, B. and Tarakci, M. (2011).
Microstructures and mechanical properties

of conventionally solidified AlgCu,sFe;;
alloy. J. Alloys Compd. 509(S) : 316-319.

14. Surowiec, M., Bogdanowicz, W. and Sozanska, M.
(2014). Evolution of the Phase § Flux Dissolution
during Quasicrystal Formation.Acta Physica.
Polonica A 126 : 594-595.

J.Met.Mater.Miner.26 (1) 2016, DOI:10.14456/jmmm.2016.2

15. Xinbao, L., Yoshiaki, O., Susumu, T. and Gencang, Y.
(2007). Thermal stability of decagonal quasicrystal
prepared from undercooled Al172Ni12Col6
alloy melt. Mater. Lett. 61 : 5164-5168.

16. Wehner, B.1. and Koster, U. (2000). Microstructural
Evolution of Alumina Layers on an A-Cu-Fe
Quasicrystal during High-Temperature Oxidation.
Oxid. Met. 54 : 5/6.

17. Parka, J.Y., Ogletree, D.F., Salmeron, M., Jenks, C.J.
and Thiel, P.A. (2004). Friction and adhesion
properties of clean and oxidized AI-Ni—Co
decagonal quasicrystals: a UHV atomic force

microscopy/scanning tunneling microscopy
study. Tribol. Lett. 17(3).

18. Yurechko, M., Grushko, B., Ya, T., Velikanova, K.
and Urban, A. (2004) comparative study of
the Al-Co—Pd and AI-Co—Ni alloy systems.
J. Alloys Compd. 367 : 20-24.

19. Rebecca, D., Haoxue, Y. and Ying, C. (2016).
Grain boundary engineering of Co—Ni—ALCu—
Zn—Al, and Cu—Al-Ni shape memory alloys
by intergranular precipitation of a ductile solid
solution phase. Scr. Mater. 115 : 113-117.



