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a b s t r a c t

In present investigation, the selective removal of Al from the quasi-lattice sites of quasicrystalline alloy
surface was examined in order to produce the nano-particles of metal/metal oxides within the micro-
porous network. Al was selectively etched from both the as-cast as well as annealed Al63Cu25Fe12
quasicrystalline alloys through the treatment with 10 mol NaOH solution at different time interval. In the
as-cast sample, higher density of porosity was observed compared to that of annealed alloy. However,
dealloying specifically for 4 and 8 h yielded nano-size particles on quasicrystalline surface (of both the
alloys) in which very fine particles were detected at 8 h. The increase in density and decrease in size of
the nano-particles was found with dealloying duration. X-ray diffraction analysis was performed to
characterize the samples. Scanning electron microscopy, transmission electron microscopy and energy
dispersive X-ray analysis were carried out to investigate the surface microstructure, internal morphology
and chemical composition. The chemical dealloying treatments yielded nano-particles of Cu and Fe along
with their oxides on the quasicrystalline surface. Furthermore, the catalytic activity of leached quasi-
crystalline materials was evaluated towards degradation of non-biodegradable and hazardous methylene
blue (organic dye).

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Random micro/nano-porous structures can be generated as a
result of dealloying phenomena (similar to corrosion) which is
considered to be a simple and effective approach to remove
selected less noble metallic elements from the lattice sites of the
alloys [1e4]. In this process, the removal of less noble element leads
to development of the porous surface with the residual constitu-
ents. Such residual constituents in the absence of adjacent neigh-
bour (depending upon their mutual solubility) leads to the cluster
formation due to their diffusivity across the solid electrolyte
interface [5,6]. A critical review of literature revealed that deal-
loying treatment has been employed for the production of nano-
structured materials from quasicrystalline (QC) alloys [2], inter-
metallic compounds [7] and amorphous alloys [8,9]. The

crystallographic structure can also change due to the variation in
the chemical composition caused by dealloying. Therefore, the
Raney catalysts with ultrafine pores can be produced through
alkaline dealloying process [10]. However, some limitations are
associated with dealloyed based catalysts like Cu nano-particles
that depict instability during high temperature sintering, thereby
causing the reduction of surface area and consequent catalytic ac-
tivity [11]. Although, it has been reported that QC phase possesses
several unique and interesting properties [12e15], but the brittle
nature of the QC is found to restrict its uses as structural material.
On the other hand, QC can provide potential application as a
functional material, for instance, as catalyst for hydrogen produc-
tion [16e19]. More recently, several other applications of QC
involve in the field of electrochemical, lithium-ion batteries etc.,
[28e33]. In this context, QC has continued to receive an intense
attention even after more than three decades of its discovery
[20e27]. Subsequently, it has been found that after dealloying QCs
can become a promising precursor for the fabrication of high-* Corresponding author.
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performance nano-composite catalysts [4,14e16,32,35]. The pow-
der of Al-based QCs after chemically treated with NaOH shows
desired stability and activity [15,16].

The porous metallic materials have a wide range of applications
due to their structural and/or functional properties [36,37]. Among
so many applications, it has been found that these materials play a
significant role for treatment of polluting gases, water purification,
and recovery of the metals from the slags, developing super-ca-
pacitors and hydrogen production [31e40]. Consequently, many
efforts have been put by various investigators to synthesize porous
structured materials. Micro and nano-porous materials can be
synthesised by electrochemical and chemical processes. The for-
mation of nano-porous Au from the amorphous alloys has been
observed by dealloying with HNO3 solution [41]. Porous AuPt nano-
particles obtained by dealloying has been found to be suitable for
biosensors and fuel cells applications [42]. On the other hand,
dealloyed AleCueFe QC shows the excellent catalytic activity [31].
During dealloying, the rate of Al dissolution decides the structure of
the surface. The production of homogeneous dealloyed layer occurs
when the rate of removal of Al is low. Higher Al dissolution rate
gives rise to heterogeneous layer of residual constituents. Specif-
ically, dealloying of AleCueFe QC with NaOH solution leads to the
formation of Cu and Fe nano-particles [43e45]. These nano-
particles are considered to be responsible for catalytic activity,
while Fe hinders towards the sintering of Cu nano-particles [36].
The quasiperiodic nature of the QC is still preserved beneath the
dealloyed homogenous layer, which is responsible for stability and
catalytic activity [15,46]. However, degradation in thermal stability
is observed at high temperature (>613 K) in NaOH dealloyed QC
catalysts [47]. However, Na2CO3 dealloyed AleCueFe QC surface
shows better catalytic performance than NaOH dealloyed surface as
no sintering of Cu particles have been observed at 663 K. Subse-
quently the catalysis performance of the AleCueFe leached surface
of the icosahedral phase and B2 phase was studied for steam
reforming of methanol. It was reported that the catalytic activities
of the QC catalysts for steam reforming of methanol at high tem-
perature were higher than those of the B2 and the theta-phases
[48]. Further improvement in catalytic activity has been observed
by calcination of AleCueFe QC in air at 873 K [22]. It has been re-
ported that TieZreCo QC alloy reveals good selectivity and high
catalytic performance for the oxidation of cyclohexane [17,49]. In
general, the catalytic activity of QCs depends upon surface energy,
features of the surface, atomic structure and electronic nature of
the surface. Therefore, these nano-particles on QC surface are
anticipated to exhibit powerful catalytic activity in degradation of
non-biodegradable organic dyes like methylene blue. The waste
water accompanying methylene blue is typically discharged from
textiles, paper industries etc., which leads to serious environmental
problems concerning human and aquatic organisms’ health due to
the toxicity/carcinogenic effect of the material.

The aim of present work is to investigate the influence of
chemical dealloying on the polished surface of the poly-grain
AleCueFe QC alloy (as-cast and annealed) with 10 mol (M) NaOH
aqueous solutions for different dealloying times. The final structure
of QC was inspected as a function of dealloying time. Moreover, the
catalytic activity of the QCs towards the degradation of methylene
blue was studied using UVeVis spectrophotometer. Overall, the
present study is focused on the implications of the evolution of
porosity to the structure, stability and catalytic activity.

2. Experimental details

The alloy ingotwith nominal composition Al63Cu25Fe12 has been
prepared by radio frequency induction furnace under dynamic
argon atmosphere by using high purity elements (99.99%) procured

from Alfa-Aesar. The pellet (15 mm diameter) of the constituent
elements has been placed inside a quartz tube, fitted with a cork to
provide the inert argon atmosphere. In order to avoid Si contami-
nation, the whole setup has been put into a glass tube which
contains the continuous flow of cold water. The ingot has been re-
melted and solidified four times to ensure the compositional ho-
mogeneity. This as-cast alloy has been annealed for 72 h at 750 �C
and then quenched into liquid nitrogen in order to get the pure
icosahedral (i)-QC phase. The phases present in the as-cast and
dealloyed samples have been identified by X-ray diffraction (XRD)
using X’Pert PRO PANalytical diffractometer equipment using CuKa

radiation (l ¼ 1.5402 Å) with scanning rate of 0.020/sec. The
structural and microstructural characterization has been carried
out with scanning electron microscopy (SEM) (QUANTA 200)
operating at 25 kV and transmission electron microscopy (TEM)
(TECNAI-20G2) at 200 kV in imaging and diffraction mode. The
powder used for TEM analysis has been collected from the deal-
loyed surface by peeling-off very gently using a diamond knife. The
elemental study has been performed by an energy dispersive X-ray
(EDX) analysis fitted with TEM. The catalytic activity of dealloyed
QC surface was evaluated by the reduction of methylene blue
(maximum absorption at 664 nm) using UVeVis spectrophotom-
eter. Initially, the methylene blue solution was prepared in such a
way so that concentration turns out to be 0.01 mM. Further, 0.01 g
of dealloyed QC powder was added to10 ml methylene blue solu-
tion (0.01 mM) having pH 7.0 following Ahmed et al. [39]. The
resulting reaction mixture (20 mL) was diluted with 2 mL distilled
water for monitoring optical density at 664 nm. The reduction of
methylene blue was monitored in the range of 10e170 min. The
catalytic rate constant was determined by plotting ln(Ct/C0) against
reduction time (t), where C0 is the initial concentration of methy-
lene blue solution and Ct is the concentration of solution at the time
(t).

3. Results and discussion

The SEM micrographs of as-cast ingot form a broken alloy
(natural surface of a pore) and that of the polished surface have
been shown in Fig. 1(a and b) respectively. Mainly two types of
particle shape having different geometry have been observed
(Fig. 1(a)). The first type is pentagonal facets which apparently
belong to the quasicrystalline phase and the second type is sphere-
like which is considered to be b phase. The difference in colour
contrast in the polished surface is a consequence of the existence of
two phases. The composition obtained by EDX from these two re-
gions of different contrast confirms the existence of two distinct
alloy compositions i.e. pentagonal facets having Al rich and sphere-
like particles having Al deficient composition. Therefore, two types
of phases namely i-QC and crystalline (b) were present on the
surface and marked as i-QC and b in Fig. 1(a and b) respectively.
From Fig. 1(c and d) it is confirmed that the surface becomes porous
by alkaline NaOH dealloying treatment for 0.5 h. Increasing the
dealloying time up to 4 h surface become more porous (Fig. 1(cej)).
The width and length of these porosities increases from ~17.8 to
58.3 mm and 88.2e178.2 mm respectively for the dealloying treat-
ment ranging from 0.5 h to 8 h. Exposing against dealloying for 8 h,
the alkaline solution preferentially dissolves the surface more
deeply (Fig. 1(k)). This porosity enhancement of as-cast i-QC alloy
during dealloying takes place due to the removal of Al from the i-QC
and also from crystalline (b) phases present in the alloy. Very fine
particle precipitation has been found on the surface of 8 h dealloyed
sample and these particles are supposed to be of pure metal and/or
metallic oxides, (not shown here).

Pentagonal dodecahedral morphology has appeared on the
surface of annealed alloy as shown in Fig. 2(a). It is obvious that
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chemical dealloying treatment with 10 mol NaOH solution exten-
sively affects the surface morphology and leads to the formation of
nano-cluster structure on the surface of the specimen. The SEM
observation of Fig. 2(cef) suggests that for 0.5 h and 1 h dealloyed
surface, a flower petal-like rough surface evolves (Fig. 2(c, f)). The
width of the petals increases from ~26.4 to 41.7 mmwhereas length
decreases from ~346.1 to 286.6 mm in 0.5e8 h deallyed alloys.
However, in case of single grain AleCueFe quasicrystalline alloy, Al

was preferentially taken away by NaOH solution along the five-fold
planes, leading to micron-sized pentagonal like morphology
[35,36]. On further dealloying (4 h), it yielded enhancement in
porosity compared to that of the previous treatments. It has been
reported that dealloyed AleCueFe ribbons showed the evolution of
the nano-cubes of Cu and also nano-particles of Fe on the surface
[50]. There are two factors which are responsible for the elimina-
tion of less noble metallic element such as Al from the

Fig. 1. SEM micrograph of as-cast (a) 0 h, (b) 0.5 h, (c) 1 h, (d) 2 h, (e) 4 h and (f) 8 h dealloyed with 10 mol NaOH solution Al63Cu25Fe12 QC alloy.

Fig. 2. SEM micrograph of annealed (a) 0 h, (b) 0.5 h, (c) 1 h, (d) 2 h, (e) 4 h and (f) 8 h dealloyed with 10 mol NaOH solution Al63Cu25Fe12 QC alloy.
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quasicrystalline surface. The first factor is related to the affinity of Al
with NaOH solution and the second factor could be the quasiperi-
odic atomic arrangements on the surface [51,52].

It confirms from Fig. (1, 2) that in case of as-cast alloy the surface
becomes rougher even if it is exposed for less time during deal-
loying. This happens because of the fact that Al has been prefer-
entially dissolved not only from the i-QC phase but also from the b
phase present at the alloy surface. It can be explained that in as-cast
sample both the i-QC and crystalline b phases were present but the
crystalline phase has less stability against the chemical dealloying
treatment compared to that of the i-QC phase [37,48].

The XRD peak profile of Fig. (3) shows that the co-existence of
crystalline phase (b) with the i-QC phase. During the dealloying
various structural changes on the surface of the sample have been
observed. The XRD trace of 0.5 h and 1 h dealloyed sample reveals
the presence of Fe along with i-QC and b phase as shown in Fig. 3(b
and c). As the dealloying time increases from 2 h to 4 h, the addi-
tional peaks of Fe, Cu, Cu2O, FeO and Fe3O4 appear (Fig. 2(d and e).
As the dealloying experiment has been conducted in an open at-
mosphere, the oxide layers of the residual elements (Fe and Cu)
evolves on the surface of the specimen. No signature of Al or its
oxide (Al2O3) have been observed because of its comparatively
weak bonding than that of Cu and Fe with the quasicrystalline layer
beneath the dealloyed surface and low density [52]. Due to low
density and weak bonding, Al and Al2O3 have been washed away
from the deallyed surface during the sonication treatment in
methenol and double distilled water. The XRD pattern of 8 h
dealloyed sample shows the peak of i-QC phase alongwith b, Fe, Cu,
Fe3O4and Cu2O (Fig. 2(f)). It is remarkable to notice that the peak
intensity of the i-QC and b phases have decreased with dealloying
time which is the consequence of the reduction in the volume
fraction of both phases. A very small peak shift in the dealloyed
alloys has been noticed with respect to the as-cast specimen due to
the change of the lattice parameter. This change of the lattice
parameter results due to the formation of pure metals and metal
oxides layers and removal of Al from the surface.

Before and after dealloying treatment, the XRD patterns of
annealed alloy are shown in Fig.(4). Indexing of XRD peaks in
Fig. 4(a) reveals the presence of i-QC phase only and no signature of
metal (Al, Cu, Fe) and/or metal oxides has been found. No
remarkable change in XRD peak profile of 0.5 h and 1 h NaOH
dealloyed annealed i-QC sample have been noticed (Fig. 4(b and c)).
This implies that in the present study the i-QC phase continues to
exist in the core of the grains. After dealloying for 2 h, only addi-
tional peaks corresponding to Fe comes up into existence. Further
increasing the dealloying time, the Cu and CuO peaks also appear

along with Fe and i-QC phases (Fig. 4(e)). Due to highly selective
removal of Al from the surface, the traces of metal (Cu, Fe) and
metal oxides (CuO, Cu2O) have appeared in the XRD pattern of 8 h
dealloyed sample (Fig. 4(f)). It is clear from the XRD patterns in
Fig. 1(aef) that i-QC phase present along with Cu and Fe and their
oxides implying that dealloying occurs only on the surface of alloy
and beneath this dealloyed layer, quasicrystalline nature of the
sample remain preserved. It is clearly observed that with increasing
the dealloying time the peak intensity decreases and enhancement
in the peak width have been noticed which is due to the evolution
of finer crystallites and the decrease in the volume fraction of i-QC
phase.

It can be noticed that with the progression in the dealloying
time, the XRD reflections get significantly broadened and reduction
in the peak intensities of the dealloyed surfaces takes place due to
the removal of metal(s) from the surface. The creation of lattice
strain and reduction of crystallite size will take place during this
process. Based on the XRD line broadening profile, the effective
crystallite size of the as-cast and the dealloyed surfaces has been
calculated. The Voigt function analysis of integral width is a rapid
and powerful single line method for the assessment of the lattice
strain and crystallite size of the specimen. In Voigt function anal-
ysis, the constituent Cauchy and Gaussian components can be ob-
tained from the ratio of full width at half maximum intensity and
integral breadth by taking care of the instrumental broadening. In a
single line analysis, the apparent Cauchy component is related to
crystallite size and Gaussian components is related to the lattice
strain [53]. The variation in the crystallite size and lattice strain
with dealloying time has been shown in Fig. 5(a and b) respectively.
Chemical dealloying treatment of as-cast alloy up to the 1 h does
not give rise to any significant variation in the crystallite size, while
for 2 h and 4 h dealloyed surfaces, it increases from ~40 nm to
~92 nm due to the removal of Al from i-QC and b phase grains.
Further crystallite size enhancement (~190 nm) has been observed
for the 8 h dealloyed surface. In case of the annealed specimen, the
crystallite size decreases sharply (~600 nme~20 nm) due to Al
deficiency leaving behind finely dispersed residual constituents (up
to 2 h of dealloying). No appreciable change in the crystallite size
has been found on further dealloying up to 4 h. Crystallite size again
increases (~110 nm) for 8 h dealloyed specimen due to the forma-
tion of metal oxides layer at the surface.

Fig. 6, shows the TEM micrograph and corresponding selected
area diffraction (SAD) pattern of the as-cast, 4 h and 8 h dealloyed
as-cast sample. The SAD pattern of the as-cast sample, corre-
sponding to Fig. 6(a) has been shown in Fig. 6(b). The diffraction
spots reveal the three-fold symmetry axis corresponding to the i-

Fig. 3. XRD pattern of as-cast (a)0 h, (b) 0.5 h, (c) 1 h, (d) 2 h, (e) 4 h and (f) 8 h
dealloyed with 10 mol NaOH solution Al63Cu25Fe12 QC alloy.

Fig. 4. XRD pattern of annealed (a) 0 h, (0 h), (b) 0.5 h, (c) 1 h, (d) 2 h, (e) 4 h and (f) 8 h
dealloyed with 10 mol NaOH solution Al63Cu25Fe12 QC alloy.
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QC phase. In the case of 4 h dealloyed sample, nano-size grains can
be easily seen in Fig. 6(c) and the corresponding SAD pattern ex-
hibits the presence of spotty rings, which have been indexed due to
Fe3O4 and Cu2O phases as shown in Fig. 6(d). Fig. 6(e) represents
microstructure of 8 h dealloyed sample and corresponding SAD in
Fig. 6(f), which provides the value of inter planner spacing from
inner to outer ring in the order of d ¼ 2.411, 2.151, 1.52 and 1.301 Å
respectively. These SAD rings indicate the formation of nano Cu2O
at the dealloyed surface. This outcome agrees reasonably well with
that obtained from the XRD results. Thus, it can be confirmed that a
metal oxide layers are formed at the dealloyed surfaces.

Fig. 7(a) indicates the bright field electron microscopy image of
single-phase i-QC alloy annealed at 750 �C for 72 h and corre-
sponding SAD pattern, characterized by its five-fold (5-fold)

rotational axes that demonstrate the icosahedral quasicrystalline

Fig. 5. Crystallite size of as-cast and dealloyed with 10 mol NaOH solution Al63Cu25Fe12 QC alloys.

Fig. 6. TEM micrograph and SAD pattern of Al63Cu25Fe12 QC as-castalloy (a) 0 h (b) 4 h
and (c) 8 h dealloyed with 10 mol NaOH solution.

Fig. 7. TEM micrograph and SAD pattern of Al63Cu25Fe12 QC Annealed alloy (a) 0 h (b)
4 h and (c) 8 h dealloyed with 10 mol NaOH solution.

Table 1
Indices sextuplets assigned to various spots for i-QC
phase.

Spot No. Indices

a (001e100)
b (0100e10)
c (011-1-10)
d (-110000)
e (0010-10)
f (-1120-20)
g (-1110-10)
h (-1120-20)
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nature of the alloy (Fig. 7(b)). The sextuplets indices assigned for
the numbered spots have been mentioned in Table 1. Exposing the
surface for 4 h against the chemical dealloying, it explores the
formation of very fine grains on the surface as shown in Fig. 7(c).
The size of these nano-particles has been found to be ranging from
13 to 40 nm. The typical diffraction (ring) pattern obtained from 4 h
dealloyed alloy has been shown in Fig. 7(d) and could be indexed
due to Fe and Cu with lattice parameters of 2.866 Å and 3.615 Å
respectively. Very fine equiaxed grains have been evident in the
TEM bright field image of 8 h dealloyed specimen (Fig. 7(e)). The
SAD pattern corresponding to this image could be indexed as Fe and
Cu having lattice parameter as 4.326 and 2.866 Å respectively. This
can be explained that due to higher dealloying time more Al has
been dissolved from the surface and with the atmospheric oxygen
residual constituents forms the metal oxide layer. So the dealloyed
surface decorated with transition metals (Fe and Cu) nano-particles
attributes to the potential application of quasicrystals to be used as
catalyst [16].

In order to check the purity and effect of the dealloying on the
chemical composition of AleCueFe i-QC alloys, the EDX explora-
tions have been performed (Fig. (8)). The peaks of the EDX spectra,
associated with constituent elements are clearly visible confirma-
ing the purity of as-cast and annealed alloys (Fig. 8(a and b)). Lower
concentration of Al in as-cast alloy has been observed due to its bi-
phasic (b þ i-QC) nature Fig. 8(a), whereas the composition of
annealed alloy has been found to be very close to the stoichiometry
as shown in Fig. 8(b). Higher Cu content (at%) has been found due to
copper grid used for TEM investigation of the specimen. Fig. 8(c and
d) exhibits the presence of oxygen along with the constituent ele-
ments in the 4 h dealloyed alloys. On the surface of 8 h dealloyed
samples, more oxygen content has been observed in Fig. 8(e and f).
It is remarkable to notice that a greater amount of oxygen has been
found on the as-cast alloys (Fig. 8(c, e)) compared to that of the

annealed alloys after dealloying treatment for same time (Fig. 8(d,
f)) confirming more chemical stability of the annealed sample.

3.1. Catalytic degradation of methylene blue dye

Methylene blue is one of the harmful organic dyes existing
mostly in industrial wastewater that causes serious environmental
and public health issues [54]. The present study has involved
methylene blue as a model material to evaluate the catalytic ac-
tivity of the i-QC alloys. The as-cast Al63Cu25Fe12 alloy has been
annealed for 8 h, dealloyed with 10 mol NaOH solution and then
sequentially used for catalytic performance. The present catalytic
activity of QC material was carried out using methylene blue
(having a concentration of 0.01 mM) followed by a comparative
account with other catalysts as reported earlier [55]. The concen-
tration of it was determined by plotting absorbance (optical den-
sity) against concentration (Beer-Lambert Law). Fig. 9 depicts the
absorption spectra of the methylene blue reduction using catalyst
(QCs) at different time. The pure methylene blue depicted a
maximum absorption peak at 664 nm that was exploited for
monitoring its concentration with respect to reduction time. Fig. 10
displays the catalytic reduction that was found to obey the pseudo
first-order decay kinetics following the LangmuireHinshelwood
equation [55]:

ln (Ct /C0) ¼ Kapp.t

Where plotting ln (Ct/C0) versus t gives the apparent rate constant
(kapp) which was evaluated to be ~0.017 min�1 for degradation of
methylene blue from the slope of curve through fitting straight line
with a correlation coefficient of 0.988 [55]. Interestingly, the
calculated kapp (in min�1) value of 0.017 under study was found to
be higher over the reported kapp values 0.0134, 0.0096, 0.0081 and

Fig. 8. EDX spectra of (a)as cast, (b) Annealed (c) 4 h dealloyed as-cast(d) 4 h dealloyed annealed (e) 8 h dealloyed as-cast(f) 8 h dealloyed annealed, Al63Cu25Fe12 alloy respectively.
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0.0064 for pure TiO2, TiFe10, TiFe15and TiFe20 (as catalysts)
respectively but lower than the value of 0.0175, 0.0233, 0.028, 0.042
for respective TiFe1, TiFe2, TiFe5, TiFe7 [56]. From Fig. 9, it is obvious
that the nano-catalyst on the i-QCs surface facilitates the transfer of
electron from the donor to accepter through decreasing the kinetic
barrier on account of its greater surface to volume ratio. The surface
to volume ratio is the most important property that increases the
interaction between reactants and catalysts for controlling the
movement of electrons [57,58]. This study revealed that the in-
tensity of the strong absorbance peak of methylene blue at 664 nm
was diminished about 40% in 10 min of reaction time in the pres-
ence of nano-catalyst on the i-QCs (Fig. 9). The intensity of absor-
bance peak of methylene blue vanished further with increase in
time (10e170 min). It is due to the fact that more than 95% of dye
was found to be degraded as a result of availability of nano catalysts
(Cu and Fe) on the i-QCs (Al65Cu20Fe15) surface, where Fe2þcould
reduce O2 to superoxide anions (O2

�) for degradation of methylene
blue [59]. Overall, the nano catalysts (Cu and Fe) present on the i-
QCs surface due to chemical leaching act as efficient electron
transfer facilitator in methylene blue solution via serving as an

electron relay system. The advantage of using QC as catalyst to-
wards degradation of organic dye is the exclusion of UV light over
semiconductor photo-catalyst and therefore, it opens the possibil-
ity of global application in several industrial processes.

4. Conclusions

From the experimental observations, it has been found that the
porous structure can be produced by selective corrosion of the
desired element (Al) from the AleCueFe QC surface using 10 M
NaOH solutions. Dealloying takes place only on the surface whereas
beneath the dealloyed layer the QC characteristics remains pre-
served, which can be revealed after polishing the affected layers.
Removal of Al from the surface is responsible for the formation of
the porous structure. These porosities coexist with the metal and
metal oxides nano-particles. TEM studies confirm the size of the
nano-particles which is in order of 13e40 nm for dealloyed samples
and these nano-particles are Cu, Fe, Cu2O and Fe3O4. The alloy of Fe
and Cu does not form due to the mutual immiscibility between Fe
and Cu. Hence, dealloying can be considered as a possible route for
the formation of nano-particles of pure metals and oxides on the
porous surface of quasicrystalline alloy. It is to be noted that the
synthesised QC after dealloying demonstrates good catalytic
properties for degradation of toxic methylene blue.
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