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In this paper, the synthesis of C;,A; nanopowders with OH™ specie inside cage via biological method using
Aloe Vera (A. vera) leaf extract with different concentrations of 0, 15, 20, 25 and 50%, and microwave-assisted
synthesis was reported. The effects of 4. vera leaf extract concentration on the structure, morphology and
specific surface area of C;;A; nanopowders were characterized by X-ray diffraction (XRD), field emission
scanning electron microscopy and N, gas adsorption—desorption isotherm, respectively. The functional groups of
C12A7 nanopowders with OH™ specie inside cage were analyzed by fourier transform infrared spectroscopy (F1T-
IR). The XRD patterns showed that the pure peak of C;;A; was obtained from the samples prepared with
A. vera leaf extract concentration of 20% and above. The minimum crystallite size of the C;;A; nanopowders
was found to be 43.17 nm for the sample prepared with 25% A. vera leaf extract concentration. The maximum
specific surface area (Sggt) obtained from N, gas adsorption—desorption isotherm was found to be 17.25 m?/g
with a minimum pore size of 12.24 nm for the sample prepared with 25% A. vera leaf extract concentration. The
FT-IR spectra of C;;A; prepared with A. vera leaf extract reveals the presence of amide of protein in A. vera leaf
bonded to C;,A; indicating the biological responsibility for the synthesis of C;;A;. Furthermore, in this work
with the microwave-assisted synthesis of C{;A; nanopowders, the calcining time could be reduced by 10h
compared with a chemical process and temperature could be reduced to 900 °C compared with a standard
sintering temperature.
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e~.1213) The contains of O~ and OH™ species in the cages
are highly active with gas, benzene and water at the surface
of the sample.'® Especially, the OH™ specie can be pro-
duced via reaction: O ey T H2Osurface) = OHgyrpace) +

1. Introduction

The mayenite or C1,A7 is binary compound of the calcia-
alumina (CaO-Al,03) with the chemical formula of

Ca3Al114053. The CjpA5 is a rare mineral of cubic sym-
metry, originally reported from the Eifel volcanic complex
in Germany." It has the space group 143d with a = 1.198
nm.? The chemical formula for the unit cell may be repre-
sented as [CanAlgOe]*t + 207", the former denotes a
positively charged lattice framework with 12 cages, and the
latter are called “free oxygen ions (0%>7)”.) The two free
O ions are entrapped as counter anions in the cage in the
stoichiometric composition because of the cage diameter
is larger by ~50% than the diameter of 0>~ The free
0% ions can be replaced by anions such as H-,» 0=,
05,7 OH—,9® 17,99 F~,910 cN— 91D S~ N=9 and
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OHsurface) at temperature rising from 500 to 800 °C.1%
Various methods were used to prepare C;,A7 in different
forms such as single crystal, powder and thin film. C;,A5
powders are generally prepared via a conventional solid
state reaction using CaCO;3 and Al,Os3. The process took
4-24h wunder sintering temperature between 1100—
1350 °C.'>-1® The long time sintering is necessary for the
formation of C;,A5 in solid state reaction because of poor
homogeneity of the mixed starting powders.'” For high
sintering temperature in solid state reaction, it results in
low specific surface area and large grain size. Therefore,
the chemical synthesis have attracted attention to syn-
thesize Cj,A7 due to the formation of single phase, low
temperature synthesis, high specific surface area and
small particle size.?” These chemical processes include

©2020 The Ceramic Society of Japan

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of the Ceramic Society of Japan 128 [6] 322-328 2020

| JCS-Japan

sol-gel and ball-milling method,?? citrate sol-gel,?
modified glycine/nitrate procedure,>® oxalate precursor
method®® have been used to produce Cj;pA; powders
successfully.

In recent years, more articles related to green chemistry
and biosynthesis method of materials have been published
because of the use of nontoxic substances, cost-effective
and eco-friendly process.?®) Biosynthesis is a process using
biological resource in nature such as plant extract, algae,
fungi, bacteria and viruses?®?® for the synthesis of mate-
rials. Biosynthesis using biological molecules is derived
from the plant sources in the form of extracts exhibiting
superiority over the chemical method.?” Moreover, the
plant extracts are benign, nontoxic, human health benefit,
safe to handle and possess a broad variability of metabo-
lites that may aid in reduction of metal compound into
nanoparticles.>”

The Aloe vera (A. vera) is a perennial, drought-resisting
and succulent plant belonging to the Liliaceae family.>"
Most of A. vera plants are indigeneous to Africa, however,
nowadays they have been widely distributed in the tropical
and subtropical regions of the world. The A4. vera leaf
consists of three parts, each has chemical compound. The
outer layer, the green rind or cuticle of the A. vera plant
consists of multiple layers interspersed with chloro-
plasts.3? Tt has been reported to have a high proportion
of a-cellulose and inferred to play a role in the synthesis of
carbohydrates and proteins.*® The middle layer, the bitter
yellow latex (exudate) contains anthraquinones and glyco-
side. The inner layer is composed of large thin walled
parenchyma cells that store 4. vera gel (mucilage).’” The
A. vera gel consists of about 99.5% water and it has a pH
of 4-5 with organic acid, mineral, polysaccharides, vita-
min, and protein.3D3

The A. vera is one of the most popular botanical plants
used in medicine, dietary supplements and cosmetics due
to its phytochemical contains such as alkaloid, saponins,
tannins, sterols, terpenoids, carbohydrate, protein, glyco-
side, flavonoids and phenol.?®-3® Phytochemical exhibits
several important biological activities such as wound
healing, antimicrobial, antidiabetic, anti-
inflammatory.>3940 Furthermore, they have played a
role in synthesizing nanomaterials as these compounds can
reduce and stabilize agents’ responsible for the synthesis
of nanostructure materials.* The A. vera leaf extracts
have been widely used for the synthesis of (i) metal nano-
particles (NPs) such as Ag*?*) and Au*»* etc.; (ii) metal
oxide NPs such as Ti0,,*® In,05,*® Zn0O?*® and CuO;*?
and (iii) multi-element oxides such as Co,Zn;_,Al,O4
nano—crystal48) and MFe,O4 (M = Co, Cu, Mn, Mg, Ni,
Zn) nanocrystalline.*»>?

A household and laboratory microwave ovens, which
operate at 2.45 GHz and a wavelength of 12.2 cm was used
in this experiment. Microwave ovens have been used in
laboratory for nanostructure materials synthesis due to
microwave heating is generated internally within the mate-
rial, instead of originating from the external source.’"
Therefore, it can provide a higher heating rate and a more

homogeneous heating,’? leading to a more homogeneous
nucleation and a shorter crystallization time.>?

In this paper, we report on the synthesis of C;,A7 nano-
powders which contain OH™ specie in cage via biological
method using 4. vera leaf extract and microwave-assisted
synthesis. The effects of A. vera leaf extract concentration
as bioreducing or complexing agent on morphology,
surface area and structure of C;,A; were investigated.

2. Experimental procedure
2.1 Materials

All chemical materials were analytical graded and
purchased from various commercial sources. Aluminium
tri-sec-butoxide { Al[OCH(CH;3)C,Hs]3; ATSB} and ethyl
acetoacetate (CH;COCH,COOC,Hs; ETAC) were from
Acros, calcium nitrate tetrahydrate [Ca(NO3),-4H,0] and
absolute ethanol was from Carlo Ebra.

2.2 Preaparation of A. vera leaf extract

A. vera extract was prepared by taking about 50 g of gel
from A. vera leaf. It was blended and added with boiled
deionized water. The mixture was heated on the hot plate
at 90°C for 1h and cooled down to room temperature.
A. vera extract was obtained from the filtered gel and
stored at a temperature of 4 °C.

2.3 Synthesis of C4,A; powders

The ATSB and Ca(NOs),4H,0 were used as starting
materials. The ATSB and Ca(NOs),-4H,0 were added into
ETAC with a molar ratio of 12:14:12 and stirred at room
temperature for 30 min. Then, the 20.88 ml of absolute
ethanol was dropped into 37.78 g of the mixture and stirred
vigorously at room temperature for 30 min. Each mixture
was added with four different concentrations of A. vera
leaf extract of 15, 20, 25 and 50% and stirred vigorously
for 30 min. The solutions should become white and clear.
All samples mixed with 4. vera leaf extract and a sample
without A. vera leaf extract were sonicated by an ultra-
sonic cleaner for 5h to reduce particle size. It was found
that only the sample without A. vera leaf extract became
the form of gel. However, the samples with A. vera leaf
extract are in the form of white colloidal solution. All sam-
ples were then heated in an electric oven at 90 °C for 8 h.
The yellow-brown gel was formed except for the sample
without 4. vera leaf extract which became white liked-
cake gel. The gels were grinded and heated in a domestic
microwave oven (Samsung, ME711K/XST) at a power of
450 W for 30 min at temperature around 100 °C. OH func-
tional group'® was maintained to prepare for nano precur-
sor and calcine temperature was lower down to prepare for
C2A7 nanopowders. The white powder was obtained and
then it was calcined in an electric furnace under ambient
condition at 900 °C for 3h for forming phase of Cj,A;
with OH™ specie in the cage in order to react with O pce)
and OH functional groups at temperature rising from
500 to 800°C.!¥ Finally, the white fine-powders of Cj,A;
were obtained as C1,A7 nanopowders with OH™ inside the
cage.
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2.4 Characterization

The structure of C;,A7 powders were characterized by
X-ray diffraction (XRD; PANalytical, Empyrean) using
Cu Ko radiation operated at 40kV and 40 mA. The XRD
patterns were recorded in the 20 range of 15 to 65° with
a scanning rate of 2°/min. The morphology of Ci,A;
powders was investigated using field emission scanning
electron microscopy (FE-SEM; JEOL 6301F) with energy
dispersive X-ray analysis (EDX). The specific surface area
(Sger) was measured by Brunauer—-Emmett-Teller (BET)
analysis using N, gas adsorption—desorption technique at
—196 °C on micromeritics (TriStar II 3020). Cumulative
pore volume and average pore size were calculated by
Barret-Joyner-Halenda (BJH) from adsorption isotherm.
The functional groups of materials were analyzed by fou-
rier transform infrared spectroscopy (FT-IR) spectroscopy
on Thermo Scientific (Nicolet 6700) with collected data in
the range of 400—4000cm™".

3. Results and discussion

3.1 XRD result

The XRD patterns of CjA7; powders synthesized via
biological method with different 4. vera leaf extract con-
centrations of 0, 15, 20, 25 and 50% are shown in Fig. 1.
Reference peaks of Cj,A; were marked according to
JCPDS file number 09-0413. For C,A7 powder with 0%
A. vera leaf extract concentration, the peaks of CaAl,0O4
(CA), C35A16014 (C5A3), C33A1206 (C3A) and C312A114033
(C12A7) were observed. For C,A7 prepared with different
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Fig. 1. XRD patterns of Cj,A; powders synthesized via bio-

logical method with different 4. vera leaf extract concentrations

of: (a) 0, (b) 15, (c) 20, (d) 25 and (e) 50%.

A. vera leaf extract concentrations, major peaks of Ci,A;
were observed. At 15% A. vera leaf extract concentration, a
small peak of C3A can be seen. Further increase the 4. vera
leaf extract concentration from 20 to 50%, all peaks of
CA, CsA; and C;A disappeared except for the peaks of
Ci2A7. The crystalline size (D) were determined by
Scherrer equation:

092
~ BcosbH

where D is crystallite size (nm), A is the wavelength of
X-ray (CuKa), B is the full width at half maximum and 6
corresponds to the peak position. The obtained crystalline
sizes are given in Table 1. It was observed that the crys-
tallite size decreased as the A. vera leaf extract concen-
tration increased. In general, the crystallite size for all
powders was less than 100 nm and the smallest crystallite
size was found as 43.17nm for 25% A. vera leaf extract
concentration. These results were based on Cj,A; powders
that are nanopowders for all samples prepared with differ-
ent A. vera leaf extract concentrations.

Meanwhile, the lattice constant (a) of the cubic Cj,A5
nanopowders which correspond to (420) plane prepared
with different A. vera leaf extract concentrations of 0,
15, 20, 25 and 50% were determined and found to be
12.032, 12.014, 11.992, 11.991 and 11.981 A, respectively
as shown in Table 1. The lattice constant was slightly de-
creased as the A. vera leaf extract concentration increased.
The value of the lattice constants obtained in this work
matched perfectly with the previous report.?

6]

3.2 FE-SEM

Figure 2 shows the FE-SEM morphology images of
C12A7 powders prepared with different 4. vera leaf extract
concentrations of 0, 15, 20, 25 and 50%. The particle size
was determined by Image J program and the results are
shown in Table 1. The particle size decreased as the
A. vera leaf extract concentration increased from 0 to 25%.
However, further increased to the A. vera leaf extract
concentration up to 50%, the particle size increased. The
largest particle size of 72 nm was observed for 0% A. vera
leaf extract concentration. This can be explained by the
morphology as shown in Fig. 2(a). The particles agglom-
erated and formed irregular particles shape with large
particle size. In Figs. 2(b)-2(d), as A. vera leaf extract
concentration was increased from 15 to 25%, the poros-
ity of CjpA; powder increased, which resulted to the
decreased of particle size. The increase in porosity with
increase A. vera leaf extract concentrations from 15 to

Table 1. Effects of 4. vera leaf extract concentration on structure and morphology of Ci,A7

A. vera leaf extract  Crystallite size a Particle size  Surface area ~ Cumulative pore volume  Average pore size
concentration (%) (nm) A) (nm) (m?/g) (BJH; cm®/g) (BJH; nm)
0 53.33 12.032 72 2.69 0.010 21.67
15 45.64 12.014 64 5.60 0.018 16.83
20 44.57 11.992 54 6.09 0.019 16.40
25 43.17 11.991 51 17.25 0.021 12.24
50 48.98 11.981 67 5.50 0.016 15.82
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{a) 0%

Fig. 2. FE-SEM images show the morphology of Ci,A7; pow-
ders prepared with different A. vera leaf extract concentrations
of: (a) 0, (b) 15, (c) 20, (d) 25 and (e) 50%.

25% can be confirmed by BET analysis results. When the
A. vera leaf extract concentration was increased from 25
to 50%, the particle size increased with a loss porosity of
C2A7 as shown in Figs. 2(d) and 2(e). The increase of
porosity may be due to the occurrence of the high volume
of released gas®¥ such as N, O,, CO, and H,0 during the
synthesis by microwave.

Figure 3 shows the EDX analysis of C;;A7; nanopow-
ders. They consisted of Ca, O and Al peaks which confirm
that there were no impurities in the sample.

3.3 N3 gas adsorption—desorption isotherm

Nitrogen adsorption—desorption isotherm can be dis-
played in graphical form with amount of gas adsorbed
(cm?/g) against relative pressure (P/Py) in the range of
0.01 to 0.99 P/Py. The nitrogen adsorption—desorption
isotherm curves of all samples were similar and correspond
to the type IV according to the IUPAC, which was asso-
ciated with capillary condensation taking place in mesopo-
rous structure.’® Figure 4(a) shows a typical adsorption—
desorption isotherm curve for Cj,A7 prepared with 25% of
A. vera leaf extract concentration with reaction between
OH yyface) and Ny gas at surface.'¥ The OH™ species played
a key role in the reaction with the N, gas at surface. The
type of hysteresis loop appeared on isotherm curve was
H3-type hysteresis, which indicated the agglomeration of
plate-like particles giving rise to the slit-shape pore.>>-3¢

Figure 4(b) shows the adsorption isotherm curves for
C2A7 prepared with different 4. vera leaf extract con-
centrations. The adsorption isotherm in Fig. 4(b) at low
relative pressure (0.05 < P/P, < 0.35) associated with a
monolayer adsorption. Then, the BET surface area was
obtained from monolayer adsorption volume using BET
method. The C,A; prepared with 25% A. vera leaf extract
concentration has higher adsorption volume of nitrogen
than other concentrations. The results on surface area
(Sggr) obtained from BET method are given in Table 1.
C12A; with 0% A. vera leaf extract concentration has a
surface area of 2.69 m?/g which corresponded to the trans-
formation of sol to gel. Histograms in Fig. 4(c) present
Ci2A7 with A. vera leaf extract concentration from 15 to
50% where the precipitation occurred with surface areas
5.60, 6.09, 17.25 and 5.50m?/g, respectively. The results
showed that C1,A5 with 25% A. vera leaf extract concen-
tration has the highest surface area (17.25m?/g) among
the samples. This was due to a large amount of gases
released™ during the thermal decomposition of powder
precipitation. The results also showed the surface area of
CpA7 with 50% A. vera leaf extract concentration de-
creased to 5.50m?/g. It may be due to the incomplete
combustion reaction of released gas®” in the microwave-
assisted synthesis. The results on the surface area of C1,A;
obtained in this work can be further used for catalysis
application.

The pore volume and the pore size were calculated by
BJH method. The results on pore volume and pore size of
CpA; with different A. vera leaf extract concentrations
of 0, 15, 20, 25 and 50% are given in Table 1. The high
adsorption volume corresponding to high pore volume led
to high surface area as shown in Table.1.

3.4 FT-IR spectroscopy

FT-IR spectra of A. vera leaf extract, C,A; powder and
C12A7 prepared with 25% A. vera leaf extract concentra-
tion and Ci,A7 powders are shown in Fig. 5.

As shown in Fig. 5(a), the FT-IR spectra of 4. vera leaf
extract exhibited a broad band between the range of 3450—
3250 cm™! with a peak at 3350.27 cm™'. This was due to
—OH group in alcohol and phenol.>® The peaks at 1641.11
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Fig. 3. EDX analysis of Cj;A; powders prepared with different 4. vera leaf extract concentrations of: (a) 0,

(b) 15, (c) 20, (d) 25 and (¢) 50%.
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Fig. 5. FT-IR spectra of: (a) 4. vera leaf extract, (b) C1,A7 with
25% A. vera leaf extract concentration and (c) Cj,A7 powder.

and 1550.96 cm™! indicated the presence of amide I and II
band of protein®” ! in 4. vera leaf extract, while the peak
at 1411.71 cm' was assigned to the aromatic frame stretch-
ing vibration.®? The peak at 1028.98 cm™! of aromatic was
assigned to C-O-C functional group of polysaccha-
ride.®V%® The result of FT-IR spectra of A. vera leaf
extract revealed the presence of functional group such as
alcohol, phenol, amide of protein, aromatic and C-O-C of
polysaccharide.

As can be seen from FT-IR spectra of Ci,A7 powder in
Fig. 5(c), the peak at 3639.05cm™! was assigned to the
—OH group indicated the -OH group bonded to aluminum
and calcium (Al/Ca—OH),*® while 1442.07cm™" peak
was assigned to CH, group. Three peaks at 767.33, 684.07
and 581.57cm™' were due to the Al-O vibration. The
peaks at 767.33 and 684.07cm~! were related to AlO,
tetrahedral and the AlOg octahedral at 581.57 cm~'.%%

In the case of Ci,A; prepared with 25% A. vera leaf
extract as shown in Fig. 5(b), the peaks at 3318.73,
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1513.73, 770.20 and 566.72cm~' were observed. The
peak at 3318.73cm~! was due to Al/Ca bonded to the
—OH group in phenol' and alcohol while 1513.73 cm™!
peak was assigned to amide II band of protein, indicated
the organic compound of A. vera leaf extract bonded to
C12A7. Two peaks at 770.20 and 566.72 cm~! indicated the
Al-O bond. The OH™ specie inside cages was produced
from the reaction of O~ and OH functional group (which
exists in dry powder precursor resulting from ATSB,
ETAC and 4. vera leaf at microwave process) in calcine
process at temperature rising from 500 to 800 °C.

The biological molecule of 4. vera leaf extract may act
as bioreducing or complexing agent. The phenol and pro-
tein present in 4. vera leaf extract were responsible for the
reduction of metal ion.*" While, the phenol and protein
in A. vera leaf extract may behave as complexing agent
where the complexing agent chelate metal ion in solution
and homogeneously mixed in atomic scale.*” The con-
centration of A. vera leaf extract can affect C;,A; nano-
powder structure with the OH™ specie in the cages as
shown in Table 1 and Fig. 5.

4. Conclusions

The Cj,A; nanopowders with the OH™ specie in the
cages have been successfully synthesized via biological
method using A. vera leaf extract of different concentra-
tions of 0, 15, 20, 25 and 50%, and microwave-assisted
synthesis. The effects of 4. vera leaf extract concentration
on the structure, morphology and specific surface area of
C12A7 nanopowders with the OH™ specie in the cages were
investigated by XRD, FE-SEM and N, gas adsorption—
desorption isotherm. In addition, the functional groups of
C12A7 nanopowders with the OH™ specie in the cages were
analyzed by FT-IR. The XRD and BET surface area results
showed that the C;,A7; nanopowders prepared with 25%
A. vera leaf extract concentration has a minimum crystal-
lite size of 43.17 nm with a maximum BET surface area of
17.25m?/g and a minimum pore size of 12.24nm. It can
be concluded that the optimum concentration of A. vera
leaf extract to be added in the synthesis of Cj;A7 is 25%.
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