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This research characterises the structure and physical properties of silver/silica (Ag/SiO2) composites using silver nitrate 
(AgNO3) and rice husk silica sols as precursors. The Ag/SiO2 composites were produced with different AgNO3 concentrations 
(0.3-0.8 M) heated to a temperature of 850 °C. All the composites were fully characterised in the solid state via various 
techniques; Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), Scanning Electron Microcopy/
Energy Dispersive Spectroscopy (SEM/EDS), Thermal Gravimetry Analysis/Differential Thermal Analysis (TGA/DTA) were 
used to investigate the effects of changes in the sol concentration on the crystalline of Ag/SiO2 composites. In addition, a Par- 
ticle Size Analysis (PSA) and a UV-visible technique were used to measure the particle size distribution and band gap 
energy, respectively. The X-ray diffraction (XRD) showed cristobalite and Ag face-centre-cubic (fcc) structures, indicating 
the deposition of the Ag particles on the SiO2 surfaces. The particle size distributions were found to be in a range of 
0.01-0.42 µm and 0.49-3.43 µm, followed the band gap energies in a range of 1.97 to 2.17 eV, and 3.63 to 3.57 eV. As a result, 
the Ag/SiO2 composite promises to be a great biomedical material degrading high antibacterial properties.

INTRODUCTION

 The composite preparation using silver (Ag) in this 
study, which functions as the active site (dopant), will 
be distributed to rice husk silica, which acts as a buffer 
using the sol-gel method. Based on studies from several 
researchers, they concluded that Ag particles, as the 
active site, have the ability to degrade and reduce the high 
antibacterial activity of various bacteria [1-2]. Starting 
from its wide use such as an antimicrobial, in packaging/
film and food containers, Ag particles have attracted the 
attention of several researchers in conducting intensive 
research for their use in various fields as antimicrobial, 
bacterial and potential agents due to their high surface 
area to volume ratio, and unique chemical and physical 
properties [3-6]. However, some disadvantages of Ag 
particles, such as poor biocompatibility and low dis-
persion, limit their practical application [7-8]. This limi-
tation has resulted in the continued search for more prac-
tical support with a suitable structure.
 One of the unique and versatile materials with va-
rious applications in the field of ceramic and composite 
materials is silica (SiO2), consequently, the need to 
find a simple and inexpensive source of silica from 
other materials is an important aspect. In fact, several 
researchers have explored silica sources as the key ma-
terials in the development of nanostructures, which are 

cheap, clean, and abundant in plant leaves including, 
bagasse [9-10], rice husks [11], sorghum leaves [12] and 
lotus leaves [13]. As an example of its uniqueness, silica 
has the potential as an ingredient in water treatment 
processes because it has various properties, including 
its biocompatibility, it is insoluble in water, its chemical 
stability and high mechanical strength. In this study, the 
use of rice husk silica as a buffer/matrix in the synthesis 
of Ag/SiO2 composites was pioneered because rice husks 
are extremely abundant, and the silica recovery can be 
carried out in a simple way, namely alkaline extraction 
[14-16], with a high silica content, which is 16-20 % of 
the rice husk weight [17-19].
 In addition, the obtained rice husk silica is also 
known to have an amorphous phase [20-21] and has 
almost the same ortho silicate structure [22], which is 
found in transition metal alkoxides and silicon alkoxides, 
such as tetra ethyl ortho silicates (TEOS) and tetra methyl 
ortho silicates (TMOS), so that the silica from rice husks 
has the potential to be used as a substitute for TEOS and 
TMOS. Based on the physical properties of the silica, 
such as the large surface area, good heat resistance, high 
mechanical strength, and inertness, it is shown that the 
silica can be used as a catalyst [23-24], adsorbent [25], 
filler [26-27], silica gel [28–29], and composite [30-31]. 
Associated with the raw material and synthesis method, 
the silica from rice husks, in the form of sols, has been 
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obtained with a relatively high silica content and purity 
[15], which indicates that rice husks have great potential, 
so that the silica can be utilised directly by the sol-gel 
method. Regarding the use of rice husk silica, we have 
conducted several studies in the preparation of materials, 
including cordierite [32-36], borosilicate [37], mullite 
[38-39], forsterite [40-41], aluminosilicate [42-43], car-
bosil [44], and silica-bitumen composites [45-47].
 Recognising the important roles of Ag/SiO2 com-
posites in various industrial fields, the production of 
Ag/SiO2 composites has been continuously explored, 
and, in general, it has been found that the formation of 
Ag/SiO2 composites is strongly dependent on the che-
mical composition, the types of raw material, the presen-
ce of impurities, and the preparation methods applied. 
An important aspect in the Ag/SiO2 composite is the 
Ag/SiO2 preparation method, which basically aims to ob-
tain Ag/SiO2 containing sufficient amounts and an even- 
ly distributed amount of Ag on the silica buffer surface. 
The amount of Ag needs to be controlled to get the 
optimal number of active sites and an even distribution 
of Ag is needed so that the Ag/SiO2 composites have 
consistent performance. Many attempts have been de-
voted to realising it, including spray [48], deposition 
[49-50], sol-gel [51-53], impregnation [54], coating [55], 
and irradiation methods [56].
 The impregnation method is known to have weak-
nesses, especially in the difficulty in obtaining a high do-
pant homogeneity, while the disadvantage of other me-
thods is the low content of the dopants that can be integra-
ted, despite having high homogeneity. The drawbacks of 
this other method encourage wider applications of the 
sol-gel method because it offers various advantages. The 
sol-gel method is a promising low temperature process 
which can be controlled to obtain high purity and good 
compositional homogeneity [57-58], and it is possible 
to add the dopants simultaneously so that the dopant 
composition can be adjusted at a certain temperature. 
In addition, the sol-gel process also produces a stronger 
dopant-buffer interaction so that the dopant loss during 
the sintering process can be suppressed. For example, to 
increase the ability to reduce the antibacterial activity, 
[59] reported that by immobilising Ag into the silica 
can reduce the antibacterial concentration of Ag/SiO2 

composites. Several studies related to the utilisation of 
Ag/SiO2, include sensors [60], catalysts [61-62], adsor-
bents [63-64], antibacterial/antimicrobial activities [65], 
and water purification [66-67].
 The characteristics of the synthesised Ag/SiO2 com-
posite are designed according to their use; some physical 
properties that need to be designed include the structure 
formation, thermal resistance, density, porosity, particle 
size and distribution, and band gap energy. One of the 
studies that was conducted [68-69] on the effect of the 
particle size in a range of 1-100 nm showed that the 
smaller the particle size, the greater its antimicrobial 
ability. Another study on the formation of Ag/SiO2 com-

posites [70] showed that Ag was completely trapped in 
the silica matrix at a sintering temperature of 600 °C, 
and concluded that the composite had an excellent anti-
bacterial performance. Meanwhile, other researchers [71] 
showed that Ag/SiO2 began to form at a sintering tem- 
perature of 600 °C and the formation of Ag/SiO2 was 
complete at a temperature of 1000 °C, with particle sizes 
between 20 to 40 nm, which makes it a potential material 
for an antibacterial activity. 
 To take advantage of its availability and excellent 
properties, this present study aimed at evaluating the 
potential of rice husk silica as an alternative to the 
commonly used silica for the production of Ag/SiO2 
composites for applications in antibacterial applications 
and in environments using the sol-gel process. The re-
sulting precursor was then subjected to different Ag 
concentrations in forming the Ag/SiO2 composites to 
determine the phase development and physical properties 
according to the characteristics for the antibacterial and 
environmental applications. To gain an insight on several 
basic characteristics and its potential in antibacterial and 
environmental functions, the samples were characterised 
using various techniques including FTIR spectroscopy 
for a functionality analysis, a XRD technique for a 
structural investigation, a SEM/EDS technique for a 
microstructural investigation, a DTA/TGA technique 
for the thermal properties, a particle size analysis (PSA) 
technique for the particle size distribution, a UV-vis 
technique for the band gap value, density and porosity.

EXPERIMENTAL

Materials

 To prepare the Ag/SiO2 composites, analytical gra-
de chemicals were used. The Ag/SiO2 composites were 
synthesised through the sol gel route, using rice husk 
silica collected from local sources and silver nitrate 
(AgNO3) as the starting materials. The NaOH (5 %), 
HNO3 (10 %), and AgNO3 (98 %), absolute ethanol 
(C2H5OH) came from Merck (KGaA, Darmstadt, Ger-
many) and deionised/distilled water was used.

Preparation of silver-silica
(Ag/SiO2) composites

 The Ag/SiO2 composites were prepared by the sol 
gel process employing rice husk silica with different con- 
centrations of 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8 M silver nitra-
te (AgNO3). The SiO2 preparation method was prepared 
according to a previous procedure [33], 50 grams of 
rice husk was immersed in 500 ml of the 5 % NaOH 
solution in a beaker glass and heated to boiling for 30 
minutes. The solution was cooled to room temperature 
and allowed to stand for 24 hours, then it was filtered 
to separate the filtrate which contains the silica sol. The 
AgNO3 powder was dissolved in 100 ml of distilled 
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water and stirred for 30 minutes at room temperature 
to obtain a silver solution with different concentrations 
of 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8 M. The procedure of 
Ag/SiO2 preparation started with pouring of calculated 
volumes of silica sol into Ag solution and with addition 
of HNO3 and ethanol. Then the mixture was stirred con- 
tinuously for 4 hours at room temperature using a mag-
netic stirrer until a completely miscible solution was 
obtained. The resulting viscous sol was poured into petri 
dishes and was tightly covered, and the dishes were 
then put in a closed polypropylene container and left for 
3 days to form a solid. The solid was then crushed into 
a powder with a size of 150 mesh sieve, and sintered at 
a temperature of 850 oC, then moulded into a cylindrical 
pellet and pressed with a pressure of 2 × 104 N m-2 to 
produce cylindrical pellets, ready for analysis.

Physical properties

 The density and porosity measurement used the Ar-
chimedes [72] principle as follows: ρ = Mdρm (1/Ms – 
– Mi) where, ρ = the sample density (g∙cm-3), ρm = 
the density of the dyeing medium (g∙cm-3), Md = the 
dry mass sample (g), Mi and Ms are the mass of the 
saturated sample (immersion mass) and the mass of the 
saturated sample in air (saturation mass), respectively. 
The percentage of the porosity (% P) was measured 
using the equation % P = (Ms – Mi)/(Ms – Md) × 100 %. 
The particle size distribution was analysed by a partic- 
le size analyser (PSA). A UV-vis DRS (wavelength 
250-800 nm) and DTA/TGA were used to test the band 
gap energy value and thermal properties, respectively.

Characterisation

 The surface properties, including the functional 
groups, structure and morphology, thermal and band 
gap, of the AgSiO2 composites were analysed. FTIR was 
used to investigate the functional groups in a range of 
4000-500 cm-1. The sample was prepared by mixing 
prepared composites with KBr of spectroscopy grade. 
The phase composition of the samples was carried out 
using Shimadzu XD-610 X-ray diffractometer with 
a Cu-target. The diffractograms were recorded employ-
ing radiation (λ = 1.5418 Å) produced at 40 kV and 
30 mA, with a 0.15° receiving slit. The diffraction data 
were analysed using JADE software after subtracting the 
background and stripping the CuKa2 pattern [73]. The 
morphological characterization was made by a Philips-
XL Scanning Electron Microscopy (SEM) on polished 
and thermally etched samples. The thermal analysis was 
performed using a DTA Merck Setaram Tag 24 S, under 
a nitrogen atmosphere with a constant heating ra-te of 
3 °∙min-1, at a temperature range of 30 to 1000 °C. The 
UV-vis spectra of the samples were recorded with a UV/ 
/Vis Spectrometer (Lambda40, Perkin Elmer, Schwer-
zenbach, Switzerland) at wavelengths ranging from 250 
to 800 nm. 

RESULTS AND DISCUSSION

Characteristics of the synthesised
Ag/SiO2 composite

 To study the phase development of the Ag/SiO2 

composite, the samples subjected to the Ag addition at 
different concentrations were characterised using FTIR, 
XRD and SEM. The FTIR spectra in the wave region of 
4000-500 cm-1 are shown in Figure 1. Figure 1 shows 
the infrared spectra of the rice husk silica and Ag/SiO2 
composite with the different Molar Ag at a sintering 
temperature of 850 °C. The infrared spectrum of the 
rice husk silica (Figure 1) clearly reveals the presence 
of two high peaks at 1062 and 794 cm-1, followed by 
other low peaks at 1635 and 3448 cm-1. The two cha-
racteristic bands at 1062 and 794 cm-1 are attributed to 
the vibrational stretching of the asymmetric Si–O–Si in 
the SiO4 tetrahedron and the symmetric bond vibration 
of the Si–O (silanol), respectively, as supported in pre-
vious studies [74-75]. The disappearance peaks of the 
O–H bending and stretching vibration modes in the 
absorption band region at 3448 and 1635 cm-1 confirm 
the elimination of the hydroxyl or organic groups in the 
densified powders. 

 The observed small band is located at 3733 cm-1 
for the 0.3 M Ag sample (Figure 1), which is commonly 
attributed to the stretching vibration of the O–H bonds 
confirming the evaporation of the trapped water and the 
release of the OH species through the decomposition of 
the silica and the silver hydroxide molecules into oxides. 
As a consequence, the band at 794 cm-1 is attributed to 
the ring structure of the SiO4 tetrahedra. For the 0.3, 
0.5 and 0.8 M Ag samples (Figure 1), the most obvious 
change can be seen in the peak decrease associated with 
the Si–O–Si stretching vibration and the ring structure of 
the SiO4 at band at 1062 and 794 cm-1 with an increasing 

Figure 1.  The FTIR spectra of the rice husk silica and Ag/SiO2 
composites with different Molar Ag concentrations at a sinte-
ring temperature of 850 °C.
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Ag concentration, confirming the interaction between 
the silver and silica. The decrease in these bands is 
caused by the vibrations of the SiO tetrahedral structure 
and the change in intensity indicates the disorientation 
of the silver as a result of the interconnection of the 
silver and silica particles. This behaviour is related to 
the cristobalite phase of the silica, which proves that 
the crystallisation of the silica occurs at 850 °C in the 
Ag/SiO2 composites. This observation is completely 
identical with the XRD data. It is also supported by 
the reappearance of the asymmetric stretching mode 
of the Si–O–Si bridge and is perhaps evidence for the 
binding of the Ag to the oxygen of the siloxane bridge 
that occurs with the evacuation of the water molecules 
and the reformation of the siloxane bond. The band at 
1499 cm-1 is attributed to the NO3

– ions according to the 
conducted research [70]. The gradual decrease in the 
NO3

– ions upon the further increasing Ag concentration 
can be due to the strongly occurring pyrolysis process 
of AgNO3 when sintered at a temperature of 850 °C, 
releasing NO2 gas. Low peaks appeared at 1769, 1654 
and 1617 cm-1, which can be assigned to the stretching 
vibration of the C=C group and the C=O stretching of 
the carboxylic acid according to the reported studies 
[76-78]. Other observed low bonds located at 2349 and 
2105 cm-1 may show the characteristic functionality 
groups of O–H from carboxylic acids and C–H from 
alkanes. 
 Samples were then analysed using XRD to under-
stand the reaction process of the silver and the silica. 
Figure 2 shows the XRD patterns of the rice husk silica 
and Ag/SiO2 composites with different Molar Ag con-
centrations at a sintering temperature of 850 °C. The 
XRD pattern of the rice husk silica (Figure 2) clearly 
reveals the most intense peak at 2θ = 21.67o and two 
small peaks at 31.3o and 36.4o indicating the formation 
of cristobalite (PDF-39-1425). 

 After adding 0.3 M Ag (Figure 2), the silica under-
went significant changes, i.e., the peak width of 2θ = 
= 22° in the pattern corresponds to the amorphous 
silica matrix. The amorphous formation is believed to 
be due to the silver agglomeration covering the silica 
particles on the surface, as has also been observed by 
other studies [79]. In addition to the amorphous silica, 
five strong Bragg reflections at 2θ = 38.9°, 48.5°, 63.0° 
77.5° and 82.6o correspond to the orientation planes of 
(111), (200), (220), (311) and (222), respectively, which 
can be indexed according to the facets of the face centre 
cubic (fcc) crystal structure of the Ag (PDF-4-0862). 
These confirm the deposition of the Ag particles on the 
SiO2 surfaces. For the samples with the 0.5 and 0.8 M Ag 
concentrations (Figure 2), two phases with a noticeable 
amount of cristobalite and silver are clearly detected 
while the amorphous silica is practically undetected. 
This observation denotes the crystallisation of silica to 
form cristobalite during the heating process. The most 
intense peak of Ag in the insert of Figure 2 shows that 
the crystallinity of the Ag increases with an increasing 
Ag concentration. It is suggested that the presence of Ag 
particles favours the crystallisation of the sol-gel derived 
silica. However, the presence of cristobalite and silver 
show no reaction between them to form a new phase. 
 Scanning electron microscopy/energy-dispersive 
X-ray spectroscopy (SEM/EDX) was used to investigate 
the nature of the Ag/SiO2 composites at various Ag 
concentrations. A typical SEM/EDX analysis is shown 
in Figure 3a-c and Table 1.

 As shown in Figure 3a, the surface morphology of 
the sample was marked by the presence of particles with 
different grain sizes and distributions, which are indicated 
by large, medium and fine grains. The large grains are 
most likely composed of cristobalite, while the medium 
and fine grains are silver in ellipsoidal shapes. This feature 
indicates that the silver spherical particles begin to form 
and spread on the silica matrix. Silver particles can be 
clearly seen embedded in the SiO2 matrix (cristobalite) 
in the samples with higher Ag concentrations (Figure 
3b). The particles are well separated from each other 
and are essentially hemispherical rather than spherical 
in shape. These results indicate that the cristobalite and 
silver particles continued to change and, subsequently, 
the particles began to rearrange, leading to the formation 
of the Ag/SiO2 composite. This change is supported by 

Figure 2.  The XRD spectra of the rice husk silica and Ag/SiO2 
composites with different Molar Ag concentrations at a sinte-
ring temperature of 850 °C.

Table 1.  Chemical composition of the samples according to 
the EDX spectra.

 Sample O Si Ag Na Cl
 (Ag Molar) (wt. %) (wt. %) (wt. %) (wt. %) (wt. %)

 0.3 52.25 27.23 20.52 – –
 0.5 41.08 21.12 37.80 – –
 0.8 44.05 15.15 39.61 1.18 –
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the result of the XRD analysis for the 0.3 M Ag sample 
as presented in Figure 2, where amorphous silica was 
detected. With an increase in the Ag concentration, 
a significant change occurred. The sample treated at 
a concentration of 0.8 M Ag (Figure 3c displayed in-
tensified spherical particles that were dispersed almost 
over the entire surface. Specifically, the microstructure 
of the sample was found to display particles having a 
spherical shape with a relatively uniform size on the 
surface of the silica matrix. This surface characteristics 
indicate that the silver particles have been converted to 
a liquid which penetrated the cristobalite phase, thereby 
promoting the formation of Ag/SiO2 as the dominant 
phase, as verified by the XRD results. Also, this result 
reveals that the Ag particles are well dispersed in the 
silica matrix or on its surface, and the particle shapes 
appear almost spherical. The EDX data presented in 
Table 1 clearly shows the significant effect of the different 
Ag concentrations on the composition of the samples. 
As can be seen, the sample with an Ag concentration of 
0.3 M, contained a very large amount of Si (27.23 %), 
and the percentage of this element decreased to 15.15 % 
in the sample with an Ag concentration of 0.8 M. Mean-
while, the sample with an Ag concentration at 0.3 M 
contained 20.52 % Ag and increased to 39.61 % with the 
Ag concentration of 0.8 M. Due to the agglomeration of 
Ag, the Ag particles interacted with the cristobalite, and 
the size of the cristobalite group became smaller. The 
presence of the Ag and SiO2 (cristobalite) phases in the 
samples suggest that the cristobalite phase continued to 
change and allowed the particle arrangement, leading to 
the expectation of the Ag/SiO2 composite formation. 

Physical characteristics of
the synthesised Ag/SiO2 composite

 Figure 4 shows the changes in the density and 
porosity of the samples as a function of the Ag concent-
ration. As can be observed (Figure 4), the densities of 

Figure 3.  Scanning Electron Micrograph of the Ag/SiO2 com- 
posites with different Ag concentrations at a sintering tempera-
ture of 850 °C: a) 0.3 M, b) 0.5 M, and c) 0.8 M (magnification 
5 kX). 

c)

b)

a)

Figure 4.  The change in the porosity and density of the Ag/SiO2 
composites with the different Ag concentrations at a sintering 
temperature of 850 °C.
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the samples increase sharply as the Ag concentration 
increases to 0.4 M and slowly increases when the Ag 
concentration increases to 0.8 M. Meanwhile, the po-
rosities of the samples decrease sharply as the Ag con-
centration increases to 0.4 M, and slowly decreases as 
the Ag concentration increases to 0.8 M. The increase in 
the density as the Ag concentration increases to 0.4 M 
is most likely caused by the presence of cristobalite and 
silver phases as shown in Figure 2.
 As shown in Figure 4, the densities of the samples 
increase from 1.75 to 1.87 g cm-3 as the Ag concentration 
increases from 0.3 to 0.4 M. The densities slowly in-
creased from 1.87 to 1.99 g cm-3 as the Ag concentration 
increased from 0.4 to 0.8 M. The sharp increase in 
the density with an increasing Ag concentration up to 
0.4 M, followed by the slow increase in the density with 
an increasing Ag concentration from 0.4 to 0.8 M was 
attributed to the increasing amount of silver phases and 
the decreasing amount of cristobalite. The change in 
density was most likely due to the silver and cristobalite 
reacting to form the Ag/SiO2 composite, as displayed by 
the XRD results presented in Figure 2. 
 The sharp decrease in the porosity with an increa-
sing Ag concentration of up to 0.4 M was attributed to 
the increasing formation of silver phases, leading to a de- 
creasing porosity. Beyond this concentration, the poro-
sity slowly decreased, probably indicating the domi-
nation of the silver, the narrower distances between the 
particles, and also to the smaller pores in the samples as 
a result of the higher applied Ag concentration, which is 
in accordance with the surface morphologies of the 
samples as seen in the SEM results (Figure 3). More-
over, the porosity was found to decrease as the Ag con-
centration increased (Figure 4), which is in agreement 
with an increase in the silver amount (see Table 1). 
These findings implied that at the temperature used in 
this study (850 °C), the sample probably has reached the 

vitrification point and transformed into a glassy state, 
leading to the suppression of the porosity.
 For the further evaluation of the particle size pro-
files, all the samples were characterised using the PSA 
technique, and the obtained results are presented in Fi-
gure 5. The obtained samples have two main particle 
distributions in the range of 0.006-0.422 µm and 
0.487-3.432 µm as presented in in Figure 5. It should 
be noted that the particle size distributions of all the 
samples are inhomogeneous as evidently revealed by the 
SEM results in Figure 3. 
 Based on the graph, the average particle size dis-
tribution is significantly different, in which the smaller 
particle sizes and narrower particle size distribution 
range is very evident. The decrease in the particle size 
is shown in the 0.3 to 0.5 M Ag sample concentrations. 
This occurrence may be caused by the reaction between 
the silver and silica, which dissolved the silver particles 
in the silica and caused the distribution of the average 
particle size to become smaller. The data obtained (Figu-
re 5) show that the particle size decreases to a 0.5 M Ag 
concentration, followed by an increase in the particle size 
to a 0.8 M Ag concentration. This finding indicates that 
the silver is easily distributed in the silica particles up 
to a concentration of 0.5 M, and the silver has difficulty 
interacting with the silica above an Ag concentration of 
0.5 M, resulting in an increasing particle size distribution 
with an increasing Ag concentration from 0.6 to 0.8 M.
 The thermal characteristics of the Ag/SiO2 com-
posites were observed by TGA/DTA. The TGA ther-
mograms of the samples with the different Ag concent-
rations are depicted in Figure 6, and the DTA thermograms 
are presented in Figure 7. The TGA thermogram (Figu-
re 6) shows that all the samples have the same trend in 
experiencing two major mass loss stages. 
 In the first stage, at a temperature range from 50 
to 200 °C, the small weight loss is attributed to the re-

Figure 5.  Particle size distribution of the Ag/SiO2 composites 
with the different Ag concentration at a sintering temperature 
of 850 °C.

Figure 6.  Particle size distribution of the Ag/SiO2 composites 
with the different Ag concentration at a sintering temperature 
of 850 °C.
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moval of the physically absorbed water and organic 
components. The degradation at the second stage 
occurred in a temperature range from 200 to 850 °C, 
where the weight loss increased sharply up to 1000 °C. 
The weight loss of the samples was mainly due to the 
decomposition of the silver and silicon hydroxides, the 
saturated and aromatic components, as supported by 
a previous study [15, 52-53]. One wide exothermic and 
two small endothermic peaks were found on the DTA 
curve (Figure 7). The wide exothermic peak located 
in the range of 50-850 °C indicates the burning of the 
organic residue, the decomposition and the sample’s 
dryness with compaction above 850 °C. 

 The DTA thermograms of all the samples (Figu-
re 7) show the existence of two small endothermic 
peaks located at around 850 and 950 °C, respectively. 
Both endothermic peaks at 850 and 950 °C, were due 
to the crystallisation of the silica with the presence 
of cristobalite and silver, as supported by the XRD 
results presented in Figure 2. On the other hand, for the 
Ag/SiO2 composites, no significant reduction in the 
mass is observed from about 50-1000 °C, indicating the 
weight loss reduction is in a range of 2.5-4.5 %. This 

weight loss is attributed to the thermal degradation of 
the oxide functional groups of the hydroxides process. 
The weight loss of the Ag/SiO2 particles confirms the 
successful incorporation of the silver layer onto the silica 
particles. The obtained results in Figure 6 and Table 2 also 
reveal that the weight loss for the Ag/SiO2 composites 
is decreased by increasing the Ag concentration of the 
particles.
 Figure 8 shows the band gap energy data for each 
sample, which is calculated using the Kubelka-Munk 
Equation [80]. From the plotted graph, as shown in 
Figure 8, each sample has two optical band gap energies, 
a primary and secondary one. These suggest that the 
presence of Ag on the SiO2 matrix lowers the optical 
band gap of the samples, compared to the silica with 
a wide band gap found to be greater than 6 eV by several 
studies [81-82]. 

 The lower value is probably related to the Ag phase 
contained within the material while the different Ag 
phase gives a different value for the band gap energy. In 
addition, the change in the particle size affects the band 
gap energy. The presence of the Ag phase in the Ag/SiO2 

composites contributes to decreasing the simultaneous 
band gap energy value of the composite form. However, 
after the Ag addition, according to the XRD data, this 
caused a disturbance in the silica structure and caused the 
optical band gap value to become lower when compared 
with the pure silica. Based on the band energy curves 
in Figure 8, the band energies show two performance 
areas, namely the pattern of a small increase in the band 
energy from 1.97 to 2.17 eV, and a small decrease in the 
band energy from 3.63 to 3.57 eV. The band gap energy 
value obtained in this study is greater than the energy 
gap for the pure Ag of 2.5 eV from the results of pre-

Table 2.  Summary of the TGA properties results for all the 
samples.

 Sample                        Weight loss (%) Residue at
 (Ag Molar) 50-200 °C 200-850 °C 1000 °C (%)

 0.3 -0.11 -4.49 95.40
 0.4 -0.08 -3.39 96.53
 0.5 -0.13 -2.99 96.88
 0.6 -0.02 -3.19 96.79
 0.7 -0.03 -2.38 97.59
 0.8 -0.01 -2.55 97.44

Figure 7.  The DTA thermograms of the Ag/SiO2 composites 
with the different Ag concentrations at a sintering temperature 
of 850 °C.

Figure 8.  The Kubelka-Munk transferred band gap energy of 
the Ag/SiO2 composites with the different Ag concentrations at 
a sintering temperature of 850 °C. The intersections of the rows 
with the X-axis represent the values of the band gap energy.
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vious studies [83]. In another report, Assis, et.al., (2021) 
[84], produced an Ag/SiO2 composite with an average 
band gap energy of approximately 3.26 eV, which has 
potential advantages for an application as an antibacterial 
degradation agent.

CONCLUSIONS

 A combination of FTIR and XRD analyses with 
data from DTA/TGA and UV-vis techniques show that 
the formation of silver crystals results in a significant 
decrease in the crystallinity of cristobalite and the band 
gap energy. In addition, with an Ag increasing con- 
centration, this has an effect on the particle size dis-
tribution of the Ag/SiO2 composites and leads to an in-
crease in the density, but does not significantly affect 
the crystal phase of the Ag/SiO2 composites. The band 
gap energies were found to be in the range of 1.97 to 
2.17 eV, and 3.63 to 3.57 eV. These powders are potential 
materials to be used in applications with antibacterial 
activity.
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