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FABRICATION OF SILVER-IMPREGNATED SILICA AEROGEL COMPOSITE FOR ENERGY APPLICATIONS

In this study, Ag-impregnated silica aerogel composites were fabricated via wet impregnation. In this approach, silver salt
was reduced with ethylene glycol in the presence of polyvinylpyrrolidone (PVP) at reaction temperature 80°C. PVP was used as
a capping agent to protect the Ag nanoparticles (NPs) from agglomeration. Wet impregnation was used to synthesize the Ag/SiO,
composite by combining the reduction of AgNO; with a silica aerogel slurry. Experimental results showed that the AgNO; concen-
tration and PVP: AgNO; ratio had an active influence on the growth of Ag NPs on silica surfaces. The X-ray diffraction (XRD)
patterns of the composite material showed no imprints of impurities or parasitic materials except for Ag and SiO,. Scanning electron
microscopy (SEM) images revealed that the Ag NPs were well impregnated into the porous silica aerogel structure. It was found
that SiO, aerogel surfaces were homogeneously surrounded by the Ag NPs.
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1. Introduction

The focused study of silica acrogels covered by metallic
nanoparticles have gained increasing interest in energy ap-
plications because of their active involvement. Due to its great
thermal stability, transparency, and Capacity to manage varying
thickness and density, TEOS is a significant coating precursor
for silica aerogels [1,2]. Most research are mainly focused on
composite ceramic materials doped with Ag nanoparticles (NPs)
[3]. Ag NPs are the most beneficial metallic NP because of their
optical and conductive properties and particularly desirable due
to its high solubility and low orbital energy [4,5]. Therefore, the
potential benefits of highly catalytic Ag NPs with active materials
in energy applications have attracted considerable attention [6].

Several methods have been investigated for fabricating
Ag-impregnated silica aerogels. These methods are based on
reducing precursors using various chemical reducing agents [7].
However, most of the approaches demand high temperatures
and long reaction times. In contrast, wet impregnation of metal
NPs on the surfaces of the support material is a simpler method
for fabrication. During wet impregnation, metallic NPs and the
matrix were formed consecutively, resulting in a uniform particle
size distribution. The wet impregnation method does not require
high reaction temperatures and saves time.

Various reducing agents have been employed to synthesize
morphology-controlled uniform Ag NPs. However, most of
them have a significant reducing potential, and the reaction is
completed rapidly. The molecular weight, concentration, and
ratio between the metal precursor and reducing agent affect the
reaction mechanism. The use of polyvinylpyrrolidone (PVP) as
a capping agent in the reaction allows the metal NPs to accelerate
and produce a small size distribution.

In this study, an Ag-impregnated composite silica acrogel
was fabricated via wet impregnation in the presence of a capping
and reducing agent (PVP). Scanning electron microscopy (SEM),
energy-dispersive spectroscopy (EDS) and X-ray diffraction
(XRD) were used to characterize the morphology, chemical
composition, and structure of the Ag/SiO, composite material.

2. Experimental

2.1. Preparation of surface-modified silica
aerogel powder

Surface-modified silica aecrogel powder was synthesized by
the thermal gelation method [8]. Briefly, a water glass (sodium
silicate) solution (silica content: 28-30 wt. %, Si0,:Na,0=3.4:1,
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Young Il Chemical Co., Ltd., Incheon, Korea) (5.3-8.7%) was
diluted with deionized water. Next, 75 ml of water glass was
blended with acetic acid (99.5%, Samchun Pure Chemical,
Pyeongtack, Korea), ethyl alcohol (95.0%, Samchun Pure Chem-
ical), and named the above water glass solution. Subsequently,
85 ml of n-hexane (95%, Samchun Pure Chemical) was mixed
with the surfactant sorbitan monooleate (Span80, Junsei Chemi-
cal Co., Ltd., Tokyo, Japan). The waterglass-to-n-hexane ratio
was maintained at 1:1. Water glass and n-hexane were blended
at 6000 rpm for 10 min using a homogenizer (UltraTurrax IKA
T25:S25D-10G-KS; IKA Werke, Konigswinter, Germany). The
obtained water glass/n-hexane solution was heated at 100°C for
condensation (thermal gelation). After 90 min. wet silica gel im-
mersed in 150ml ethyl alcohol. Ethyl alcohol, a solvent-exchange
agent, may affect the hydrogel-to-alcogel transition. The silica
alcogel sphere surfaces were chemically modified in a 150 ml
solution of 20% hexamethyldisilazane (HMDS, 98%, Samchun
Pure Chemical)/n-hexane at 100°C for 3 h with magnetic stirring
at 100 RPM. The silylated silica wet-gel spheres were washed
in an ethyl alcohol/n-hexane solution to remove any remaining
surface modification agents and reaction products. The silica wet
gel spheres were dried at 100°C under ambient pressure for 1 h.
The obtained surface-modified silica acrogel powder was used
for further characterization and Ag/SiO, composite synthesis.

2.2. Preparation of Ag/SiO, composite

AgNO; solution with molar concentration (0.05 M) was
prepared by adding silver nitrate (AgNO3, 99.9%, Alfa Aesar)
in 50 ml ethylene glycol under a vigorous stirring. AgNO; was
used as Ag precursor. Then, under magnetic stirring, 0.0002 M
polyvinylpyrrolidone (PVP-40000, Sigma-Aldrich) was added
to 50 ml ethylene glycol (99.5%, Samchun Pure Chemical,
Pyeongtack, Korea) at 80°C and After 30 min as prepared 1 g of
Si0, powder slurry (100 ml ethyl alcohol/ethylene glycol) was
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Fig. 1. X-ray diffraction patterns of SiO, microsphere and Ag/SiO,
composite synthesized by wet impregnation
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dispersed in the PVP solution then dropwise addition of AgNO;
solution was conducted with a magnetic stirring at 80°C for 2 h.
The weight ratio of AgNO; and PVP was maintained at 1:1. When
AgNO; solution was added, the color of the solution gradually
shifted to pale yellow, clearly showing the formation of Ag/SiO,
composite. The obtained solution was filtered by ethyl alcohol
(95.0%, Samchun Pure Chemical) and dried at 100°C in ambient
pressure. The synthesized composite powder was used for further
characterization. Other reactions were conducted using two dif-
ferent AgNOj; concentrations (0.01, 0.1M). The weight ratio of
AgNO; to PVP was the same as that used for the above reaction.

XRD (HR-XRD-standard analysis institute), SEM, and EDS
(FESEM S-4300, Hitachi) were used to perform morphological
and structural analysis.

3. Result and Discussion-
3.1. Characterization of Ag/SiO, Composite material
3.1.1. XRD analysis

The XRD patterns of the synthesized SiO, microspheres and
Ag/Si0O, composites are shown in Fig. 1. The silica aerogel pow-
der synthesized by the thermal gelation method showed a wide
characteristic diffraction (20) peak at 22.9°, which is related
to amorphous SiO, in pure silica. These results demonstrated
that the synthesized silica acrogel powder was in an amorphous
phase. Four diffraction peaks 20 values at 38.6°, 44.0°, 64.3° and
77.1° were attributed to the face-centered cubic (FCC) structure
of Ag crystal planes of (111), (200), (220) and (311) respectively
as per ICDD card no. 01-087-0719 [9]. However, the intensity of
the crystalline peaks increased with increasing molar concentra-
tion of the Ag precursor. This is because the crystal size of the
Ag NP was small. It can be seen that the peaks are less intense,
wider than those of bulk Ag indicating Ag nanoparticles with
small size. This perfectly nanosized Ag was achieved in the
presence of a well-known capping agent, PVP. Hence, the wet
impregnation method for the synthesis of Ag/SiO, was found
very effective.

3.1.2. SEM and EDS analysis

SEM micrographs of the Ag/SiO, composite synthesized
by wet impregnation are shown in Fig. 2(a,b). As can be seen
in Fig. 2(a), silica acrogel powder synthesized by thermal gela-
tion method showing the spherical morphology, and an average
estimate of silica particle size is in between 10 and 30 pum.
The high-magnification SEM images (Fig. 2(a) indicate that the
silica particles had a highly porous three-dimensional network
structure. In a previous study on silica aerogel powder, it was
concluded that the concentration of waterglass did not signifi-
cantly affect the shape and morphology of the silica particles.
The Ag NPs had a homogeneous size distribution, ranging be-
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tween 50 to 80 nm. The high-magnification SEM image shows
the presence of Ag NPs on the surface of the silica aerogel
particles. The presence of polyvinylpyrrolidone (PVP), which
covers the Ag nanoparticles and prevents agglomeration, allows
for the rapid reduction of Ag to a controlled size and shape. By
comparing Fig. 2(a) and (b), even after surface capping by PVP
and decoration by Ag nanoparticles, the silica spheres maintained
their spherical shape and average size of approximately 10 to
30 um. From Fig. 2(a), we can conclude that the silica acrogel
particles have a spherical morphology and porous structure,
whereas Fig. 2(b) shows spherical Ag-decorated silica acrogel
particles. This result suggests that Ag nanoparticles were homo-
geneously dispersed on the surfaces of the silica aerogels, and
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the silica aerogel maintained its original morphology even after
being composited with another material.

The chemical composition of the Ag/SiO, composite with
Ag content of 2.24% was investigated using EDS analysis. As
shown in Fig. 3, the elemental mapping of Ag/SiO, shows that,
except for the Si, O, and Ag peaks, no additional peaks were
detected, indicating homogeneous doping of Ag on the SiO,
surface. The small size and appropriate concentration of the Ag
precursor allowed Ag NPs to be modified on the pores of the
silica particles, and without any thermal treatment, we success-
fully doped homogeneous Ag NPs on the surface of the silica
aerogel particles. To examine the variation in the molar con-
centration, the chemical compositions with different molar

B Map Sum Spectrum

Map Sum Spectrum
Element Wt.% Atomic %
(0] 48.52 63.10
Si 49.24 36.47
Ag 2.24 0.43

Total: 100.00

Fig. 3. EDS mapping of Ag/SiO, composite with 2.24 wt. % of Ag on SiO2 surface
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concentrations of AgNO; were studied using EDS analysis.
The surface capping and presence of Ag NPs were lower than
the above concentrations of AgNOs. The doping of the Ag NPs
seemed to be inhomogeneous because of the lower concentration
of the Ag precursor.

As shown in TABLE 1, we fabricated Ag/ SiO, composite
material with varying AgNO; concentrations to investigate the
effect of AgNO; on the composite material. During the EDS
analysis, a dramatic shift in the concentration of Ag on the
silica particles was observed owing to the principle of chemi-
cal equilibrium and the concept of limiting reactants. At lower
concentrations, the amount of Ag was insufficient to react
actively and homogeneously with SiO,. Similarly, at higher
concentrations, a large amount of Ag precipitated individually,
and further agglomeration was observed. However, Sample 2,
with an appropriate concentration of Ag, showed homogene-
ous solubility, proper interactions, and impregnation with SiO,
microspheres. Thus, the concentration variations indicate that
a suitable concentration of AgNO; (0.05 M) is beneficial for the
plausible loading of Ag NPs on SiO, particles.

TABLE 1

Ag weight % of Ag/SiO, composite powder synthesized
with different Ag: PVP concentrations.
The molar concentration of Ag: PVP was 1:1

Sr.No. | AgNO;(M) | PVP(M) | SiO,(gm) | Ag (%)
1. 0.01 0.00004 1 1.24
2. 0.05 0.0002 1 2.24
3. 0.1 0.0004 1 1.50

4. Conclusions

In this study, we fabricated an Ag-impregnated silica acrogel
composite material by a wet impregnation method using PVP
as both a capping and reducing agent. We successfully demon-
strated that the presence of PVP prevented the agglomeration of
Ag NPs and ensured their homogeneous dispersion of Ag par-
ticles on the SiO, surface. The XRD and SEM results indicated
that the Ag particles had a face-centered cubic structure and the
Ag/Si0, composite particles had a spherical morphology. The
silica aerogel particles maintain their spherical morphology. EDS
results confirmed that the surface of SiO, was homogeneously
surrounded by Ag particles, and the fluctuations in the concentra-
tions of AgNO; and PVP clarified the substantial variations in
the presence of Ag on the surface of the silica particles. Hence,
impregnation is a cost-effective and rapid technique for obtain-
ing Ag/Si0O, composites.
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