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Abstract
In present research, we synthesized cobalt-based silica nanocomposites (Co-SiO2) from cobalt nitrate 
[Co(NO3)2] and tetraethoxysilane (TEOS) precursors by using a simple sol-gel method followed by 
supercritical drying techniques. The physicochemical and textual properties of the as synthesized nano 
composites were thoroughly investigated. The results indicated that the Co-SiO2 aerogels demonstrated 
homogeneous dispersion cobalt nanoparticles within silica matrix with mesoporous morphology, large 
specific surface area (802 m2/g) and larger pore size (9 nm) with less volume shrinkage. The physico-
chemical properties of the cobalt based silica nanomaterial were characterized by XRD, SEM, N2 adsorption-
desorption and FTIR techniques. Cobalt-based silica nanocomposites can be produced using TEOS-based 
precursor and supercritical drying techniques. The prepared (Co-SiO2) nanocatalyst due to its magnetic 
nature with higher surface area (802 m2/g) can be utilized in many emerging fields such as catalysis, water 
desalination, water splitting, gas-sensing application and organic pollutant degradation.
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INTRODUCTION 
The recent developments in nanocomposites 

materials  and their  promising properties  make 
them potential candidates for various fields, such 
as wastewater treatment, medical industry, and 
so on [1-5].  Due to their most stable, stronger 
catalytic activity, and abundance in nature, 
nanoscale cobalt-based nanocomposites materials 
are the most promising catalyst for water splitting 
[6-8], organic pollutant decay [9], and toxic gas 
treatment [10].  

Mesoporous SiO2 aerogel accompanied with 
transition metal or metal-oxide nanoparticle 
diffused into the air-filled porous silica network 
is one of the demanding materials [11]. Systems 
based on metal/metal oxide dispersed in 
amorphous silica matrix have been recently 

proposed as catalysts or gas sensors for different 
reactions such as oxidation of benzene, Fisher-
Tropsch synthesis, and air purification [12, 13]. 
Furthermore, the effect of the microstructure of 
Co3O4 based in porous silica material on water 
oxidation activity has been reported, and it was 
discovered that porous silica 20 nm thick boosts 
water oxidation activity [14].  

Furthermore, the catalytic activity of Co3O4 
nanoparticles is largely determined by their 
morphology, dispersion of cobalt oxide particles, 
and physicochemical properties. The sol-gel 
method is a significant way to obtain silica-
supported Co3O4 catalysts, which contributes to 
considerable physicochemical properties of the 
Co3O4 nanomaterials. The sol-gel method and 
traditional time consuming ambient pressure 
drying (APD) methods uses a lot of resources [15, 

http://creativecommons.org/licenses/by/4.0/.
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16]. Due to the time-consuming drying process and 
waste of large quantities of solvent exchange in 
APD [17-18] techniques, the aerogels marketability 
has been severely limited. Therefore supercritical 
drying (SCD) is a well-known alternative method 
for time consuming ambient pressure drying (APD) 
method. 

We previously used [Ni (NO3)2] as a nanofiller 
implant in a silica matrix to investigate the surface 
properties of Ni-SiO2 composites [19]. In the 
present studies, by using simple  sol-gel process 
we could control effectively the  larger pore sizes 
of TEOS-based Co-based silica aerogels with 
extremely high surface area (802 m2/g) and large 
pore volume (2.9 cm3/g) could be synthesized  by 
supercritical drying techniques.

EXPERIMENT 
Materials and methods

Tetraethylorthosilicate (TEOS) was used 
as a precursor, analytical reagent, ammonium 
hydroxide (NH4OH, 0.1M), Ethanol (C2H5OH), Oxalic 
acid (0.001 M) as a catalyst, and Cobalt nitrate 
hexahydrate [Co(NO3)2.6H2O] salt. Without further 
purification, all reagents and chemicals were 
used. Double distilled water was used to dilute 
the concentration of oxalic acid and ammonium 
hydroxide catalysts.

Synthesis of colloidal emulsions of cobalt oxide 
particles into nanoporous SiO2 matrix

Co–SiO2 aerogels were prepared by two step 
acid–base catalysed sol–gel method followed by 
supercritical drying techniques. A flowchart for 
the synthesis of Co-SiO2 aerogel nanocomposite is 
shown in Fig. 1. The aerogels were prepared in 200 
ml beaker in two steps process as follows: in first 
step acid catalyzed sol was prepared by dissolving 
cobalt nitrate hexahydrate salt (0.8 g) into the 
aqueous oxalic acid (5.5 mL) solutions (Fig. 2a). In 
subsequent steps TEOS precursor and EtOH added 
drop by drop with continuous stirring to the acid 
catalyzed sol. In the second step, the base catalyst 
(NH4OH) was added drop by drop while stirring at 
6 hours of time interval to the acid catalyzed sol.

 The molar ratio of TEOS : EtOH : H2O (acid) : H2O 
(basic) was kept constant at 1 : 3.5 : 3.9 : 2.1 along 
with the oxalic acid and NH4OH concentrations 
constant at 0.01 and 0.5 M, respectively. The 
alcogels were then transferred to 100 ml beakers 
and they were made air-tight and were kept for 
gelation at room temperature. After the sols were 
set (Fig. 2b), a small amount of ethanol was added 
over the gels in order to prevent the evaporation of 
pore solvent and thereby the shrinkage of the gel. 
Further the alcogels was aged in alcohol (ethanol) 
at room temperature for 6 hours.  Finally, the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 1. Flowchart for the synthesis of Co-SiO2 aerogel. 

   

Fig. 1. Flowchart for the synthesis of Co-SiO2 aerogel.
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alcogels was exposed to supercritical conditions 
for 1 hour 15 minutes (240 oC, 64 bars). The 
brownish appearance of the supercritical dried 
sample is shown in Fig. 2c. After calcination of 
the dried aerogel at 500 °C for 6 hours, the final 
nanocomposites were obtained (Fig. 2d), the 
appearance changes to a light violet color, which 
is then, characterized  using different techniques. 
For comparison, a pure SiO2 sample was obtained 
using the same procedure.

Characterizations
The effect of cobalt nanoparticles dispersion 

in silica hydrosol on various properties of pure 
SiO2 aerogel samples such as packing density, 
microstructure, porosity, and textual properties 
was investigated using various methods such as 
micro-balance, field emission scanning electron 
microscopy (FE-SEM), powder X-ray diffraction 
(XRD), and N2 adsorption-desorption (Brunauer-
Emmett-Teller) [20-21]. Cu K radiation was used 

to detect the crystal structure of Co-SiO2 aerogel 
using an XRD-6100 Lab device. With a scanning 
rate of 5° min, values of 2 were in the range of 
10-80°. The surface modification of the Co-SiO2 
aerogel was verified using Fourier transform 
infrared (FTIR) spectroscopy with a Perkin Elmer 
(Model r 760). Solid samples were prepared using 
KBr as a diluent, and spectra with wavenumbers 
ranging from 400 to 4000 cm-1 were obtained. A 
field emission scanning electron microscope (FE-
SEM) was used to examine the microstructure and 
morphology of the Co-SiO2 aerogel. The Brunauer-
Emmett-Teller (BET) surface area analyzer 
determined the precise surface area (SBET), pore 
size, and pore volume (Pv) of the Co-SiO2 aerogel.

RESULTS AND DISCUSSION
XRD spectra for Co-SiO2 aerogel and pure SiO2 

aerogel samples are shown in Fig. 3. In pure SiO2 
aerogels and Co-SiO2 nanocomposites samples, 
a single broad peak at diffraction angle 2q=24° 

 

 

 

 

 

 

 

 

Figure 2. Photographs of a) Silica sol with cobalt nitrate nanoparticles b) Addition of ammonia c) 
Supercritical dried and d) After calcinations-silica aerogels nano-composites (calcinations at 500 

ºC for 6 hr). 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 3. XRD spectrum of pure SiO2 aerogel and Co-SiO2 aerogel. 

   

Fig. 2. Photographs of a) Silica sol with cobalt nitrate nanoparticles b) Addition of ammonia c) Supercritical dried and d) After calci-
nations-silica aerogels nano-composites (calcinations at 500 ºC for 6 hr).

Fig. 3. XRD spectrum of pure SiO2 aerogel and Co-SiO2 aerogel.



331Int. J. Nano Dimens., 12 (4): 328-334, Autumn 2021

S. Bakul Jadhav et al.

corresponds to the amorphous phase [22]. The 
samples pure SiO2 and Co-SiO2 exhibit no additional 
sharp peaks; this indicates that both the samples 
have amorphous pore structure. The absence of 
sharp peaks in Co-SiO2 nanocomposites samples 
can be observed because of low concentration of 
cobalt nanoparticles in silica matrix [23].

FE-SEM was used to describe the morphologies 
and microstructures of the prepared Co-SiO2 and 
SiO2 aerogels samples, as shown in Fig. 4. The 
nanoporous structure of SiO2 and Co-SiO2 aerogel 
was visible in the FE-SEM images (Fig. 4a and 4b). 
The three-dimensional (3D) porous arrangement 
is made up of spongy silica clumps that represent 
the Co-SiO2 microstructure [24-25]. In comparison 
to pure SiO2 aerogel, Fig. 4 b indicates the large 
number of clumps of particles in Co-SiO2 aerogel 
samples with higher density. As nanofillers, 
cobalt nanoparticles were incorporated into the 
silica matrix structure, which acts as a skeleton 
backbone to stabilize the silica aerogel.

Aerogels unique surface area (SBET) and pore 
size are crucial in determining their adsorption 
properties. Therefore, in order to investigate the 
adsorption of Co-SiO2 aerogel with the specific 
surface area and pore size, N2 adsorption-

desorption technique is applied. The impact of 
dispersion of cobalt nanoparticles particles in 
silica sol on textural properties like average pore 
size, surface area, cumulative open pore volume 
of the pure silica aerogel and Co-SiO2 aerogel were 
derived from BET techniques are summarized 
in Table 1. In comparison to previously reported 
metal oxide based silica aerogels, the textural 
properties of prepared samples are superior 
shown in Table 1. Due to the regulated capillary 
pressure and supercritical drying at high pressure 
and temperature, the obtained sample had a 
spectacular surface area. The N2 gas adsorption/
desorption isotherms and pore size distributions 
of pure SiO2 aerogel and Co-SiO2 aerogel were 
analyzed with BJH desorption isotherm method. 
The nitrogen adsorption-desorption isotherms 
obtained at 77 K are shown in Fig. 5. Fig. 5 shows 
that SiO2 and Co-SiO2 aerogels exhibit type-IV 
isotherms [26-27], demonstrating the mesoporous 
nature of pure SiO2 and Co-SiO2 aerogels. In 
addition, the hysteresis curve suggests type H2, 
which indicates the presence of spherical pores in 
both samples [28-29]. After supercritical drying, 
the large pore size of pure silica aerogel and Co-SiO2 
aerogel indicates the presence of a mesoporous 

 

 

 

 

 

 

Figure 4. SEM images of a) Pure SiO2 aerogel and b) Co-SiO2 aerogel. 

   

Fig. 4. SEM images of a) Pure SiO2 aerogel and b) Co-SiO2 aerogel.

Table 1. Comparison of textural properties of pure and Co-SiO2 aerogels. 
 

Aerogel Drying method Total pore 
volume (cm3/g) 

Average pore 
diameter 

 (Ao) 

BET surface area 
 (m²/g) 

Ref. 
 

Co-SiO2 Supercritical(N2) 2.9 9 802 
 This work 

SiO2 Supercritical(N2) 7.7 20 1134 
 This work 

V-silica Supercritical(CO2) 
1.2 79 530 [31] Cu-silica  1.1 62 590 

Nickel-silica aerogel APD   537–679  [32] 
Nickel-silica aerogel Supercritical(N2) 2.03 24 794 [26] 

SiCo(IFOH) APD 
 

0.64 39 567 [33] 
,, 
,, 

SiCo(IFO) 0.54 43 425 
SiCo(LFO) 0.55 54 404 

 

Table 1. Comparison of textural properties of pure and Co-SiO2 aerogels.
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silica network. The obtained Co-SiO2 aerogel has 
a lower SBET, cumulative pore volume, and pore 
size distribution than the pure SiO2 aerogel. The 
reduced porosity (percent), pore diameter, and 
surface area of Co-SiO2 are due to the immersions 
of Co nanoparticles. The prominent peak in the 
SiO2 aerogel is mostly in the mesoporous range (2-
50 nm) [30]. With dispersion of Co nanoparticles 
as nanofiller into the SiO2 matrix as support, the 
mesoporous morphology of SiO2 has a negligible 
effect on the isotherms of Co-SiO2. The average 
SBET and pore size may help to improve adsorption 
properties. The pore size distributions and N2 gas 
adsorption/desorption isotherms of pure SiO2 and 
Co-SiO2 aerogels were investigated. In contrast to 
pure silica aerogel, the pore size distribution curves 
(Fig. 6) were slightly uniform, and pore diameter 
values shifted to smaller values, indicating that 
cobalt oxide nanoparticles resulted in uniform 

pore nature. PSD and pore volume of aerogel is 
affected by the ratio of silica sol to silica sol with 
cobalt (Table1).

FTIR analysis was used to investigate the 
functional groups and Si-O-Si bonds in Co-SiO2 
aerogel. In Fig. 7, the FTIR spectra of pure SiO2 and 
Co-SiO2 aerogels are shown. Fourier transforms 
infrared spectroscopy (FTIR) spectra of pure SiO2 
and Co-SiO2 aerogels usually indicate the presence 
of chemical bonds with silylation surfaces. In Fig. 
7 shows the peak at 1070 and 495 cm−1 related to 
the Si―O―Si stretching vibrations representing 
the assembly of silica networks [34]. The wide 
absorption crest centered at 3450 cm−1 and 1630 
cm−1 due to the Si-OH absorption range associated 
due to the existence of water [35]. The non-
calcined Co-SiO2 aerogels FTIR spectra show no 
peaks of cobalt oxide particles, but a peak at 810 
cm-1suggests the existence of nitrate groups.

 

Figure 5. N2 absorption/desorption isotherms of pure SiO2 aerogels and Co-SiO2 aerogels. 

  

 

 

Figure 6: BET pore size distributions of pure SiO2 aerogels and Co-SiO2 aerogels. 

   

Fig. 5. N2 absorption/desorption isotherms of pure SiO2 aerogels and Co-SiO2 aerogels.

Fig. 6. BET pore size distributions of pure SiO2 aerogels and Co-SiO2 aerogels.
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CONCLUSIONS
We successfully prepared the mesoporous 

Co-SiO2 aerogel from colloidal dispersions of 
cobalt nanoparticles with sol-gel emulsion of 
tetraethoxysilane (TEOS) via N2 supercritical drying 
technique. The immersion of the cobalt based 
silica sol was possible under precise investigational 
circumstances including ratio of solvent, pH value 
and temperature to avoid both the suspension and 
the agglomeration due to presence of the cobalt 
nanoparticles while reacting. Homogeneous 
colloidal dispersion also obtained significant 
features for implementation as a catalyst such as 
large surface area, highly porous, homogeneous 
nanostructure within the silica network. A value of 
BET specific surface area 802 m²/g, was obtained for 
Co-SiO2 aerogel, the large pore size was achieved 
up to 9 nm for the Co-SiO2 aerogel. The spectrum 
of FTIR study indicates the existence of the Si–
CH3 group which indicates hydrophobic nature of 
Co-SiO2 aerogel. Using silica aerogel network as a 
host for CoNPs slightly decreases the surface area, 
surface volume, and commutative pore volume 
and pore size of the pure silica aerogel matrix. 
Presence of  CoNPs percentage within the silica 
matrix affects the transparency of SiO2 aerogels. 
Further studies are presently ongoing to resolve 
the effect of CoNPs on the silica matrix. In addition, 
we will further investigate the physico-chemical 
properties of CoNPs-SiO2 aerogels nanomaterials 
for commercialization.
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