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ABSTRACT: Cobalt aluminate/y-alumina (CoAl,O,/y-
ALO;) nanocomposite pigment with mesoporous structure
has been synthesized. The method simply involves adsorp-
tion of Co*" ion on the surface of a commercially available
boehmite (AIOOH) powder followed by the reaction of Co**
and AIOOH at relatively low temperature (500 °C) to obtain
CoAL0,/y-Al,05 composite nanopowders. The formation of
7-AlL,O; from boehmite induces the in situ generation of
isostructural CoAl,O, (both crystallize as cubic spinel) at such
a low temperature. The obtained intense blue powder of
optimal composition (53.6 wt % CoALO, in y-Al,O5) can be
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dispersed in glycerol and characterized by UV—visible, X-ray diffraction, Raman spectroscopy, TEM, and nitrogen sorption
analyses. Raman studies confirm the formation of CoAlL,O, phase in y-Al,O;. TEM studies reveal the formation of flake shaped
(5—10 nm in width and 10—25 nm in length) nanopowders, and these flakes are assembled to form mesoporous structure. The
specific surface area, total pore volume and average pore diameter of this powder are estimated to be ~118 m* g/, 0.1375
cm® g7', and 4.65 nm, respectively. This composite nanopowder has been used as an active catalyst for the decomposition of
H,0, at room temperature and the decomposition follows the first order kinetics with rate constant value close to 2.3 X 1072
min~". This pigment nanopowder can be reused for several cycles without noticeable degradation of its original catalytic activity.
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1. INTRODUCTION

Among the inorganic blue pigments, cobalt aluminate
(CoALO,)" ™ is most attractive because of its excellent thermal,
chemical, solar, and atmospheric stabilities with impressive
optical,>® dielectric,” and sensing® properties. The conventional
method to synthesize CoAl,O, generally requires high temper-
ature (~1000 °C) and long time.' ™" In the literature, there
are several routes to prepare cobalt aluminate viz. complexation
method,"* sonochemical technique,13 solvothermal process,14
and sol—gel route."> Feldmann* described the synthesis of blue
CoAl, O, by two step process. He used the polyol method to
obtain purple colored product by refluxing at 180 °C in
diethylene glycol followed by heat-treatment at 600 °C to
obtain blue colored CoAl,O,. Recently Rangappa et al*°
reported the synthesis of cobalt aluminate nanocrystals under
supercritical condition in aqueous medium at ~400 °C and
high pressure. CoAL O, has a cubic spinel structure (Figure 1)
with a space group of Fd3m having lattice constant values 8.1
A.'® In cubic spinel structure, Co>* ions occupy the tetrahedral
(T,) sites, whereas AI** ions are accommodated in octahedral
(Oy) sites. It can be noted here that y-Al,O; has also a cubic
spinel structure having same space group (Fd3m) with lattice
constant value (7.9 A) very close to that of CoALO,."” Thus
the structure of y-Al,O; can influence the formation of
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Figure 1. Schematic representation of the cubic spinel structure.

isostructural CoALO,. During the synthesis of Fischer—Tropsch
catalyst (Co/y-AL,O;) starting from Co®* salt impregnated
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7-Al,Os, it was reported that a smaller fraction of non-
stoichiometric surface cobalt aluminate can be formed with
Co,0, at relatively lower temperature (300—350 °C)."* More
recently Mo et al reported synthesis of CoAl,O, from
Co®" adsorbed y-Al,O; powders at very high temperature
(~1200 °C)."

It is to be noted here that y-Al,O; could be formed from
boehmite precursor at ~400—500 °C."” Therefore, in the pres-
ence of Co”" ions, it is expected that during the crystallographic
conversion of boehmite to y-Al,O,, Co®* ions can be easily
occupied into the crystal lattice of y-Al,O; to form the
isostructural CoAl,O, at ~400—500 °C. With this idea in mind,
we have attempted to synthesize CoAl,O, following a simple
process from Co”* adsorbed boehmite (AIOOH) powders.
Boehmite is known to have orthorhombic layer structure where
layers are held together by hydrogen bonds between the
hydroxyl groups located in the interlayer space and its overall
oxygen lattice is fcc type.”® The oxygen lattice of y-Al,O; cubic
spinel is built up by a closed packed stacking of oxygen layers
and AI** ions occupy both the O, and Ty sites (Figure 1). To
satisfy the stoichiometry of y-Al,O; some of the lattice sites
remain empty (vacancies). It can be expected that if boehmite is
heat-treated at ~500 °C in the presence of Co®', trans-
formation of the orthorhombic structure of boehmite to cubic
spinel will take place with bond breaking where AI*" ions
having higher cationic charge would prefer to sit at the Oy
positions and Co®" ions can easily enter into the Ty sites of the
cubic spinel structure (Figure 1). This is because AI’* ions
having higher cationic charge provide greater lattice energy and
stability when placed in Oy, environment (coordination no. 6)
compared to T4 environment (coordination no. 4). So, when
Co®" adsorbed boehmite will be heated, the CoALO, spinel is
expected to be formed simultaneously at the same temperature
during the formation of isostructural y-Al,O;. This procedure
would also produce high surface area mesoporous structure in
the final composite materials (CoAl,0,/y-ALO;) due to the
porous nature of boehmite precursor.

Our aim was also to study the catalytic activity of the Co-
AL, O,/y-Al,O; nanocomposites so that the material can be
useful both as gigments and catalyst simultaneously. Although a
few groups®' ~** have applied CoAl,O, as catalyst in the oxida-
tions of CO, the use of CoAl,O, as catalyst is still surprisingly
very narrow due to its inert behavior. But, keeping in view of its
low cost, environment friendly and nontoxic character,”* the
simultaneous use of CoAl,O, as a pigment as well as catalyst is
highly admirable. Catalytic decomposition of H,0, is of
growing interest due to its wide applications in oxidation and
degradation of various kinds of organic pollutants in water and
soils.”>™*” Decomposition of H,0, over heterogeneous
catalysts such as FeOOH, different forms of Fe,O; and
activated carbon have been investigated.”* > We observed for
the first time that the synthesized CoAl,O,/y-Al,O; nanopig-
ment acted as an excellent catalyst to decompose H,O, in
aqueous solution at room temperature, and can be reused
several cycles without any noticeable degradation of its original
catalytic activities.

2. EXPERIMENTAL SECTION

2.1. Materials. AIOOH (P2) was supplied by Condea, Germany.
Cobalt chloride and hydrogen peroxide were purchased from Merck.
Potassium permanganate was supplied by Sarabhai M chemicals Pvt.
Ltd. Cobalt aluminate was bought from Alfa Aesar. Millipore water
(~18 MQ.cm) was used.
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2.2. Cobalt Doping in AIOOH Powders. Cobalt was incorpo-
rated within AIOOH powders by wet impregnation method.*
Calculated amount of AIOOH (P2) and aqueous cobalt chloride
solution was mixed with stirring for 30 min and then allowed to settle
for 12 h. The major portion of the cobalt ions was adsorbed by P2
powders and the supernatant solution became almost colorless. The
supernatant solution was filtered off and the resulting solids were dried
at 60 °C for 6 h. Four sets of compositions with nominal Co:Al mol
ratios of 1:15, 1:8, 1:5 and 1:4 were prepared following the similar
procedure. The dried powders were heat-treated to 500 °C for 2 h to
obtain CoAl,0,/y-Al,O; composite nanopowders. The powders
obtained from the composition (Co:Al = 1:5; designated as CAS)
was also further heat-treated at 650 and 800 °C with holding time of
2 h at each temperature.

2.3. Characterizations of Co-Doped AIOOH Powders. UV—
visible spectrum was obtained by using Cary S0 Scan spectropho-
tometer. FTIR spectra of the powders were recorded using a Perkin-
Elmer 783 spectrometer. Raman spectra of the samples were
collected by using Renishaw inVia Raman microspectrometer with
785 nm laser. The powder XRD patterns were recorded on Rigaku
SmartLab diffractometer operating at 9 kW with Cu Ka radiation
(4 = 1.5405 A). The surface areas were determined by N, sorption
analysis at 77.4 K by Quantachrome Autosorb 1 instrument. Prior to
measurements the samples were degassed at 300 °C for 12 h with an
outgassing pressure of ~0.038 T. The values of specific surface area
were determined by multipoint BET method within the range of
0.05—0.35 of relative pressure. The pore size distributions were
determined by BJH method from the adsorption bench of the
isotherm. Quantitative estimation of Co and Al were carried out by
wavelength dispersive X-ray fluorescence (WDXRF) analysis
(PANalytical, Model Axios). Transmission electron microscopic
(TEM) measurements were carried out using Tecnai G? 30ST (FEI)
operating at 300 kV attached with an energy dispersive X-ray scattering
(EDX) unit.

2.4. Catalytic Decomposition of Hydrogen Peroxide. A flask
containing hydrogen peroxide (0.02 M) and the studied catalyst
(2 g L") was shaken during the reaction. When the reaction was in
progress, at every 15 min interval, a portion of solution was pipetted
out and filtered and then used to determine the remaining
concentrations of hydrogen peroxide by permanganate titration
method.® After the completion of the reaction the powders were
separated by centrifugation (S000 rpm/1S min) and subsequently
dried at 60 °C for 60 min and then reused.

3. RESULTS AND DISCUSSION

3.1. Composition of the Sample. Visual observation
showed that the blue color (due to the formation of CoAl,O,)
of the heat-treated (500 °C) samples gradually intensified with
increasing the Co content up to the ratio of Co:Al = 1:5 (CAS).
Further increase of Co content (Co:Al = 1:4) yielded black
powders at 500 °C due the formation of crystalline Co;0,
phase (confirmed by XRD study; see Figure S1 in the
Supporting Information) along with CoAl,O, As the CAS
powder showed highest catalytic activity’* with intense blue
coloration and dispersibility, this sample was characterized in
detail and reported in the subsequent sections. The molar ratio
of Co and Al in CAS sample was checked by WDXRF
and found to be very close to 1:5 after averaging the data of
3 analyses. This molar ratio (Co:Al = 1:5) indicated presence of
about 53.6 wt % CoAlLO, in ALO; in this sample. The
composition of this sample also verified by EDX analysis and
found to be very close to that of WDXRF data. This will be
discussed in the TEM section.

3.2. Optical Studies. Co*" adsorbed AIOOH powders
became deep blue (CAS; Figure 2a) after heat-treating at 500 °C.
This blue powder can be dispersed in glycerol. Five wt%
dispersion of CAS/500 °C is shown in Figure 2b. UV—visible
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Figure 2. Photos of (a) CoALO,/y-Al,0; composite nanopowder
(CAS5/500 °C) and (b) S wt % dispersion of CA5/500 °C in

glycerol; (c) UV—visible absorption spectrum of 15 times diluted
solution of b.

absorption spectrum of the 1S5 times diluted solution of
this dispersion is shown in Figure 2c. It shows three absorp-
tions (triple band) at around 543, 578, and 627 nm typically
for Co®" ions present in a Ty ligand field with 3d” con-
figurations. The triple band can be attributed to *A,(F) —
*T,(P) transitions'>® arrising from the Jahn—Teller dis-
tortion of the Ty structure.*® Thus, the UV—visible study
at the first instance confirmed the formation of cobalt
aluminate.

3.3. Raman Studies. It is known that CoAlLO, spinel
(Figure 1) belonging to the space group Fd3m (O,’) should
show five Raman active bands (Alg + E, + 3F2g).37’3'8 Raman
spectrum of the blue nanopowder CAS (heat-treated at SO0
°C) is presented in Figure 3 that shows strong Raman bands at
196, 480, 519, 619, and 690 cm ™. The band at 690 cm™ can be
assigned to A, ¢ Species in Oy’ spectroscopic symmetry, whereas
619, 519, and 196 cm™" peaks are assigned to three F,, sym-
metry species and the bands at 480 cm ™' is due to E, symmetry.
Two very weak additional bands appearing near 770 and 269
cm™" (Figure 3) may be due to lower crystal symmetry in the
spinel structure.*”*® Raman spectrum of y-ALO,; powders
prepared from boehmite by heat-treating at 500 °C is also pres-
ented in the Figure 3 to show the absence of such Raman active
bands in case of y-Al,O; Therefore, appearance of the
characteristic Raman peaks for CAS/500 °C powder confirmed
the formation of cobalt aluminate.

3.4. XRD Characterization. XRD patterns of the CAS
powders heated at different temperatures were recorded and
presented in Figure 4 along with the undoped y-Al,O;. XRD
pattern of the blue powder (CAS/S00 °C) is seemed to be

230

690

——-Al,0,/500 °C
—— CAS5/500 °C

3000

Counts

2000 -

1000+

T T T T T T
400 600 800 1000 1200 1400

Raman shift (cm™)

T
200

Figure 3. Raman spectrum of CoAlL,O,/y-Al,O; composite nano-
powder (CAS5/500 °C) and boehmite derived y-Al,0; powders heat-
treated at 500 °C in a similar fashion.
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Figure 4. XRD patterns of CoAl,0,/y-Al,O; composite nanopowder
(CAS) heat-treated at 500 and 800 °C. The patterns of the
corresponding boehmite derived y-Al,0; powders heat-treated in a
similar fashion are also shown for comparison. Y-axis scale has been

shifted for clarity.

similar to that of y-Al,O;. This is expected because both
CoAlL,O, and y-AlL,O; crystallize as cubic spinel structure
(Figure 1) with a small difference in lattice constant values.'%"”
Further, nanocrystalline nature of sample makes the X-ray line
broadening. Therefore from XRD analysis it is difficult to
distinguish between the CoAl,O, and y-Al,O; phases because
of their structural similarity. It has been observed that the
relative intensities of peaks at around 37 and 39.5° 20 of
undoped y-Al,O; (heat-treated at S00 °C) (Figure 4) match
well with the values given in the literature (JCPDS # 00—010—
0425).> Careful observation of the XRD pattern of CAS
powder heat-treated at S00 °C showed (Figure 4) that the
relative intensity of ~37° 26 peak was more than that of the
~39.5° peak. As CoAl,O, has the 100 intensity peak at ~36.74°
20 (JCPDS# 00—044—0160), the increase in 37° 26 peak
intensity can be considered as the contribution from CoAl,O,
species. This can be further understood by heat-treating CAS/
500 °C at higher temperature (800 °C) to enhance the
crystallinity of CoAl,O,. As expected, the 800 °C heat-treated
sample showed further enhancement of 37° 20 peak intensity
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(Figure 4) suggesting more crystalline nature of CoAlOQ,.
So, XRD studies revealed existence of nanocrystalline CoAlL,O,
in the CAS sample. The crystallinity is however lower in case of
500 °C sample compared to the 800 °C treated powder.

3.5. Nitrogen Sorption Analysis. N, sorption analysis
of the nanopowders was performed to measure the specific
surface area and average pore diameter of the porous powders.
Adsortion-desorption isotherms presented in Figure S showed a
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Figure 5. N, sorption analysis of the mesoporous CoAl,0,/y-Al,O;
composite nanopowder (CAS/S00 °C): (a) isotherms and (b)
corresponding pore size distribution obtained from the adsorption
bench of isotherm.

typical type IV isotherm (Figure Sa) indicating the presence
of mesoporous structure.***' The pore size distribution

obtained from the adsorption branch of the isotherm is
shown in Figure 5b confirming the mesoporous structure
of the synthesized blue nanocomposites CAS obtained at
500 °C. The multipoint BET surface area, total pore volume
and average pore diameter of the CAS/S500 °C powders
were 118.3 m* g7', 0.1375 cm® ¢! and 4.65 nm, respectively.
The multipoint BET surface area values of the further
heat-treated CAS5/650 °C and CAS5/800 °C samples were
also estimated and found to be 102.1 and 70.2 m”> g7,
respectively.

3.6. TEM Studies. STEM image of the CAS/500 °C
powders is shown in Figure 6a. The quantitative EDX
analysis of the sample was performed to estimate the atomic
ratios of Co:Al as well as to check the uniformity of
the sample. For this purpose, three different points of
the samples were analyzed by focusing the nanoprobe (the
positions are marked in the Figure 6a). EDX patterns
obtained from all these positions show the presence of
mainly Co, Al, and O. Small amount of Cl peak (from
precursor cobalt chloride) and strong Cu peaks (from the
TEM-grid) are also observed. A representative EDX
spectrum is shown in Figure 6b. The Co:Al atomic ratios
(indicated with Figure 6 as a tabular format) estimated from
all these three different positions showed quite uniformity of
the sample with an average Co:Al value of 1:5.3 which is
close to the estimated value by WDXREF. TEM analysis of the
sample is presented in Figure 7. TEM images (Figure 7a, b)
show that CAS/500 °C has nanoflake-like structure (~10—
25 nm in length and ~5—10 nm in diameter). These nano-
flakes are aggregated to form a mesoporous structure which
can be understood from Figure 7b. SAED pattern (Figure
7c) shows the presence of planes corresponding to y-AlO;
and CoAl,O,. High-resolution TEM image and correspond-
ing FFT analysis (Figure 7d) show the lattice spacings of
1.97 A and 2.44 A those can be indexed for the 100 intensity
peaks of y-Al,O; [(400) plane] and CoAl,O, [(311) plane],
respectively.

3.7. Catalytic Activities. CAS/500 °C powder is found
to be very active catalyst for the decomposition of hydrogen
peroxide at pH 7.>* It can be noted here that metal oxide-
catalyzed decomposition of hydrogen peroxide occurred

Position Co:Al Co:Al
(average)
1 1:6.5
2 1:5.1 1:53
3 1:4.3

Counts

v T
4 6 8

N

Energy (keV)

Figure 6. Quantitative elemental analysis of CAS/S00 °C sample obtained from three different points using STEM-EDX analysis. (a) STEM image
showing the analyzed three different points with marking (1—3) along with the compositions in the tabular form and (b) a representative EDX

pattern obtained from the point marked as 2.
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Figure 7. (a, b) TEM studies of the CoAL,0,/y-AL,O; composite
nanopowder (CAS/500 °C) with different magnifications; (c)
SAED pattern obtained from Figure 7(a), and (d) high resolution
TEM image of the nanopowder and the FFT pattern (inset)
showing spots corresponding to CA (311) and y-ALO; (400). In
the figure, y and CA stand for y-Al,O; and cobalt aluminate,
respectively.

according to the following mechanism*?

[=M — OJOH + H,0, —» [ =M — O]OH

- H,0, © [ =M - O] + 00H + H,0 (1)
[=EM-0]+°00H—- [=M-0JH+0, (2
[=EM-OJH+H,0, > [=M - OJOH + H,0 (3

In the presence of metal oxide, the decomposition of hydrogen
peroxide is expected to follow a first order rate law kinetics with
respect to H,0,, i.e, —d[H,0,]/dt = ky,[H,0,]** and thus
In([H,0,]/[H,0,]) = —kgst, where k, is the observed first-
order rate constant, and [H,0,] and [H,0,], are the
concentrations of hydrogen peroxide in the solution at any
time “t” and time “zero” respectively. We have carried out the
catalytic decomposition of aqueous H,0, solution (0.02 M) by
using the CoALO,/y-AL,O; composite nanopowder (CAS)
heat-treated at 500 °C. The linear plot of In([H,0,]/[H,0,],)
vs time (shown in Figure 8a) confirmed the first-order kinetics
and the calculated value of k,;,, was estimated to be 2.33 X 107>
min~'. When the reaction was completed, the catalyst powder
was centrifuged and dried at 60 °C for 60 min and then reused.
The reaction carried out with these used catalyst showed similar
catalytic activities like the original sample. The k., values
obtained from four consecutive cycles using the same catalyst
are shown in Figure 8b. We have checked the reaction by using
7-ALO; (blank sample prepared in a similar way by heat-
treating P2 grade boehmite at 500 °C) and found that it was
inactive toward the degradations of H,0,, confirming the fact
that CoAl,O, present in y-Al,O; is actually responsible for this
catalytic process. We have also carried out the reaction in
presence of commercially available cobalt aluminate (Alfa
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Figure 8. (a) Plot of In([H,0,]/[H,0,],) vs time for the
decomposition of hydrogen peroxide in presence of CAS/500 °C,
CAS/650 °C and CAS/800 °C samples at room temperature and (b)
rate constant values (k) of the catalytic decomposition of hydrogen
peroxide in four consecutive cycles using the same catalyst CAS/
500 °C.

Aesar) powder. In this case also, the degradation of H,0, was
insignificant within the experimental period of time (75 min).
The commercially available cobalt aluminate powder was also
analyzed by XRD, FTIR and N, sorption analysis. XRD pattern
(see Figure S2 in the Supporting Information) showed highly
crystalline nature of the powders and the peaks are well
matched with JCPDS card # 00—044—0160. FTIR spectra of
the commercially available crystalline CoAlL,O, showed very
weak band near ~3200—3600 cm™' region due to OH
stretching vibrations,"® whereas CoAl,0,/y-Al,O; composite
nanopowder (CAS/S00 °C) showed strong OH stretching
related peaks around 3440 cm™' as shown in Figure S3 in the
Supporting Information. The surface area of commercial
powder was estimated to be 0.93 m’g™' revealing the
nonporous characteristics. According to the reaction mecha-
nisms shown in eqs 1-3, surface hydroxyl groups play an
important role during the decomposition process. Therefore, it
is expected that inadequate numbers of surface hydroxyl groups
and nonporous nature of the commercially available CoALO,
powders made them inactive toward the catalytic decom-
position of H,0,. To confirm the effect of surface hydroxyl
(OH) groups and specific surface area, we also studied the
catalytic activities of the CAS powders after heat-treating them
at 650 and 800 °C. It was observed that the k., values were
decreased to 0.82 X 107* and 0.31 X 107> min~" in the cases of
CAS/650 °C and CAS/800 °C samples, respectively as shown
in Figure 8a. As expected, the FTIR studies confirmed gradual
decrease of OH groups (see Figure S3 in the Supporting
Information) when the CAS powders were heated to higher
temperatures, and the corresponding surface area values were
also decreased from 118.0 m* g~! (CAS/500 °C) to 102.1 and
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702 m* g' for CAS/650 °C and CAS/800 °C samples,
respectively. So the main reason of higher catalytic property of
the CAS/500 °C composite nanopowder was due to its high
surface area and the presence of large amount of surface OH
groups. Increase of heat-treatment temperature reduced the
concentration of OH and surface area, and consequently the
samples showed less catalytic activities. A comparison of
catalytic activities of CAS/500 °C powder with other reported
work is presented in Table S2 in the (Supporting Information).
The normalized rate constant (k,,)** value for the decompo-
sition of H,0, as listed in Table S2 in the Supporting
Information, shows that CAS/500 °C has a slight less activity
compared to a very recent report using high surface area
7-Fe,03.%% Except this report CA5/500 °C shows higher”®™>°
and comparable®" activity with the other reported catalysts (see
Table S2 in the Supporting Information). Another important
observation is the reusability of CAS/500 °C as catalyst. So the
developed CAS5/500 °C nanocomposite powders can find
important applications because of its simultaneous use as a
pigment with high catalytic property.

As we have thought and discussed in the introduction section,
CoAl, O, has been generated with y-Al,O; after the heat-treatment
of Co* adsorbed boehmite (P2) powders at relatively low
temperature (~500 °C). During the conversion of boehmite to
7-AL O, the isostructural CoAl,O, was also formed simultaneously
by replacing the T4 AI** with Co™" ions. So, the synthesis of nano
CoAlL,O, with y-Al,O; has been successfully accomplished at
relatively low temperature. This CoAl,O,/y-Al,O; composite
nanopowder pigments synthesized by this new technique not only
save energy (low temperature) but also produces intense
coloration, nanoparticulate mesoporous structure with high surface
area, and active surface hydroxyl groups suitable for the
decomposition of H,0O, with reusability.

4. CONCLUSIONS

We have reported a simple, facile, and scalable synthetic
procedure for the preparation of high surface area CoAl,0,/
7-Al,O; composite nanopowder which can be used as self-
cleaning blue pigments. In this procedure, a stable cobalt
aluminate has been synthesized at low temperature (~500 °C)
compared to the conventional high temperature methods. It
can be concluded that the conversion of boehmite to y-Al,O,
facilitated the formation of isostructural CoAl,O, at relatively
low temperature. Another benefit of achieving high surface area
with active surface hydroxyls is due to the use of porous
boehmite powder as precursor. We have shown for the first
time that this CoAl,O, spinel composite can act as an efficient
catalyst for the decomposition of H,O, to release oxygen that
may oxidize a wide range of organic and inorganic pollutants. It
may be possible to use this CAS powder with paints in the walls
of industrial wastewater treatment chambers, where catalytic
decomposition of H,O, would facilitate waste decomposition.
To paint the buildings, this dispersible CAS powders can be
used as pigment which will help to keep clean the wall through
removal of fungus deposition by simply spraying the nontoxic
dilute H,0, as and when required. Therefore, these nano blue
pigments can find important applications owing to their
stability, dispersibility, high surface area and catalytic perform-
ances with reusability. The synthetic strategy shown in this
work can be used to prepare many other similar composite
nanopowder of technological importance.
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XRD patterns of the composite powders with nominal Co:Al
mol ratio of 1:4 (Figure S1) and commercially available
CoAl, 0, (Figure S2), FTIR spectral evolution of CoALO,/y-
ALO; nanocomposites (CAS) with respect to the heat-
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