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ABSTRACT

Resin based dental composites is one of the promising dental materials that serves as an alternative to metal and 
amalgam restorations, as they resemble natural tooth and widely used in restorative dental treatments such as tooth 
decay and oral lesions. Despite several ongoing researches and innovations, the primary challenges associated with 
composite restorations are their limited durability, sensitivity, shrinkage and leakage. This research aimed to address 
these challenges and develop an innovative dental composite resulting in a minimal discomfort to the patient and 
improve long term therapeutic effi  cacy. To overcome these challenges silica Nano- particles, with antibacterial agent 
was incorporated. Nano- particles of silica acted as filler, which was extracted from a bio-waste (rice husk).  The 
addition of anti-microbial agents helped to minimize leakage due to shrinkage as these materials have small particle 
size, off ering a wide range of biological, chemical and mechanical properties. This was followed by characterization 
techniques which includes; SEM, XRD, FTIR and particle characterization that were evaluated and compared. The 
peaks of Silicon dioxide in XRD was recorded at 21.67, 38.38 and 44.68.  Extracted silica particle size 47. 66 μm was 
further reduced to Nano size with an average size of 200 nm. FTIR spectrum showed the relative transmittance at 
1000- 1090 cm-1. The results met the standard measures and was much cheaper than currently used in dental industry. 
In future, comparative analysis testing including compressive or tensile strength and anti- bacterial testing can be 
performed that may further prove its potential and can be followed by clinical trials also.
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INTRODUCTION

Globally, oral disorders have a detrimental effect on 
human’s health, quality of life and well-being. Also, 
connection between underlying bacterial growth and 
inflammation can result in adverse effects like heart 
diseases, diabetes and other respiratory disorders (Sheikh 
et al. 2024; Goswami et al. 2021; Gupta et al. 2024). 
Although tremendous technological development related 
to hygiene education and practice has been carried out 
in the world (Sheikh et al. 2025; Sheikh et al. 
2024), tooth decay affects one third of the 
population from all over the world of all age groups 
(Xu et al. 2024; Liu et al. 2023). As, the many treatments 
which are used to treat the patients of tooth decay are 
not seamless and need further improvements (Adeghe 
2024). The dental composites are used in three 
situations; restoration of tooth structure (Ferracane, 
2024; Khan 2023), contour (Altowayan 2023; 
Rathod et al. 2024), and to modify the shape of the 
structure of the restorations (Ouldyerou et al. 2023). 

Currently, the dental composite which is used to 
treat the patients has many problems, like; high shrinkage 
(Topa-Skwarczyńska et al. 2023; Ni, 2023), leakage 
(Alsudairi 2023; Ibrahim 2023) and many other problems. 
Innovation is an important part of life. The new 
technologies are fundamentally applied with an 
improved version of the previous technology (Atallah 
2023; Wang et al. 2023). So, in the fi eld of restorative 
dentistry improvements are still needed. Till date diff 
erent types of dental composites are used for therapeutic 
purposes, like the ceramic based (Li 2024; Labore et al. 
2024), titanium based (Moxon 2024), calcium based 
(Esposti et al. 2024), silicate based (Kim 2024), and 
many others. All the mentioned materials have many defi 
ciencies like staining, discoloration, leaking, toxicity, 
water sorption and none of them can work smartly like 
that of the natural tooth, and causes discomfort and many 
other problems to the patient (Abd-Elaziem et al. 2024; 
Lehman et al. 2024). Studies reported that direct 
composite restorations had an increased risk of failures, 
leakages and need larger restorations after few months or 
years (Jelte W. Hofsteenge, 2023). Composite fi llings are 
generally more expensive as compared to the traditional 
amalgam fillings due to its production cost (cost of 
materials), aesthetically pleasing and curing by UV light. 

Therefore, this study focused on creating a dental 
composite with enhanced physical, chemical, optical, and 
thermal properties by utilizing silica extracted from rice 
husk, a bio-waste generated from rice. Rice husk is 
essentially free and considered as a waste product from 
different sectors (agriculture and food industry). The 
consumption of this waste product to get silica, solves the 
problem of disposal and waste treatment. This extracted 

silica is widely used in bio-applications, drug delivery, 
bioremediation, synthesis of construction material due to 
its various properties like durability, porosity, small size, 
biocompatibility, low density and enhance surface area 
(P.U. Nzereogu, 2023). Dental patients living in the areas 
having inadequate facilities avoids visiting hospitals in 
urban areas due to expensive treatment. It will have 
prospective impact on global oral health issues, especially 
in low resource setting areas as this act as cost eff ective 
and long lasting fi lling material.

A dental composite typically consists of three main 
components: the resin matrix, fi ller, and coupling agent 
(Chen, 2018). For this study, similar types of matrix resins 
were employed in this study, either separately or in 
combination: bis-phenol-A-glycidyl methacrylate (Bis-
GMA), urethane dimethacrylate (UDMA), and triethylene 
glycol dimethacrylate (TEGDMA). Nano-silica particles 
were incorporated as a fi ller in the composite. Diff erent 
dental composites utilized various fi llers such as quartz, 
amorphous silica, glass fi llers with metals, colloidal silica, 
ceramics, and organically modifi ed ceramic oligomers 
(ORMOCERS). Coupling agents were compounds that 
mechanically and chemically bonded the resin matrix to 
the fi ller particles. These matrix materials were later mixed 
with fi llers in varying weight ratios. Fillers, which were 
inorganic particles, provided the mechanical strength and 
reinforcement of the dental composite (Kundie 2018). The 
features that make rice husk extracted silica nanoparticles 
as eff ective fi ller includes its chemical stability, high 
thermal stability, superior mechanical strength specifi cally 
contributes to the improved tensile strength, flexural 
modulus and hardness (P.U. Nzereogu, 2023).

The aim of this study is to discuss the development of 
a dental composite that encounter all the challenges which 
currently used dental composites have, with improved 
physical, chemical, optical and thermal properties. 
Moreover, this study further introduced an antibacterial 
agent to improve the composite’s antibacterial properties 
that would have less chances of fracture and would be 
successful in preventing many types of infections caused 
by bacteria (Sharma et al. 2023). 

METHODOLOGY

METHODS AND MATERIALS

The primary materials needed to engineer this dental 
composite are Rice husk (bio-waste of Rice, common name 
is ‘Oryza sativa’) obtained from local rice mill, while 
chemicals required during the experiments were NaOH 
(Sodium Hydroxide) or caustic soda, concentrated H2SO4 
(Sulphuric Acid), Bis-GMA (bisphenol- A- glycerol 
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methacrylate) ,  TEGDMA (tr i -e thylene glycol 
dimethacrylate), Chlorhexidine or chlorhexidine gluconate 
(CHG) and Deionized water.

EXTRACTION OF SILICA

The methodology to prepare materials and fi nal product 
carried out in a systematic way, starting from extraction of 
silica from Rice Husk. The process of extraction consisted 
of three steps; washing and burning of rice husk to turn it 
into ashes that is shown in fi gure 1a. Dried ashes were 
treated with alkali and fi nally silica was separated from 
sodium silicate through fi ltration. The initial step was 
washing Rice husk thoroughly with water to remove 
soluble impurities and dried it in oven at 150°C for one 
hour. Dried rice husk was then burnt in muffl  e furnace at 
700° for 4 hours, heating continues until white ash was 
formed, shown in Figure 1a. Ash was grinded slightly and 
then completely white amorphous ash was obtained. After 
the formation of Rice husk ash, it was weighed, and it was 

found to be almost one-fourth of the mass of rice husk. 
Meanwhile, alkali solution (NaOH solution) was prepared 
by dissolving 25-gm NaOH in 200 ml of distilled water. 
Later, in a fl ask added 25-gm of ash with 175 ml of NaOH 
solution at room temperature and stirred with magnetic 
stirrer for proper dissolving. Then solution was heated at 
60-80°C followed by gentle stirring (Rungrodnimitchai
2009). This results in digestion of ash in alkali solution as
shown in eq. (1).

SiO2 + 2NaOH Na2SiO3 +   H2O 
(Ash)  (Caustic Soda)     (Sodium Silicate)  (Water) (1)

A colorless, viscous, and transparent solution of 
sodium silicate was obtained after the burnt or undigested 
ash particles were fi ltered out. Figure 1b showed the 
separated sodium silicate solution, while Figure 1c 
displayed the residue left on the fi lter paper. This residue 
was the burnt portion of the rice husk ash that did not 
dissolve in the solution and was fi ltered out.

FIGURE 1. (a) White ash obtained after drying, (b) Sodium silicate solution left after filtration, (c) Residue on filter paper

The fi ltrate was then heated in an oven at 100-150 °C 
for 60 to 90 mins until the water evaporated, leaving behind 
a gelatinous sodium silicate. Preliminary tests, such as pH, 
specifi c gravity, and solubility, were conducted in the 
Materials Department laboratory to analyze the sodium 
silicate. Finally, the gelatinous sodium silicate was placed 
in a beaker, and concentrated sulfuric acid was slowly 
added until the solution became acidic (Katoueizadeh et 
al. 2020). This exothermic process resulted in the 
precipitation of silica, with sodium sulfate settling in the 
beaker as a by-product (eq. (2)).

Na2SiO3  +  H2SO4     SiO2   Na2SO4  +  H2O (2)
(Sodium silicate)(Sulphuric acid)  (Silica) (Sodium sulfate) 
(Water)

The wet, impure silica was filtered and washed 
multiple times with distilled water to remove any remaining 
sulfate. Afterward, the sample was dried in an oven to 
evaporate the water.

PREPARATION OF NANO-PARTICLE

Following the extraction of silica, a particle characterization 
test was performed. Based on the determined particle size 
range, a ball milling machine was selected to produce silica 
nanoparticles. The ball mill operates on the principle of 
impact and attrition. A planetary ball mill was used for 6 
hours, with distilled water as the medium for wet ball 
milling. The sample obtained after ball milling is shown 
in Figure 2. Subsequently, another particle characterization 
test was conducted to evaluate the nanoscale particle size.
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FIGURE 2. Demonstration of the sample obtained after ball 
milling

PREPARATION OF DENTAL COMPOSITE WITH 
ANTIBACTERIAL AGENT

As dental composite composed of three components, fi ller 
part, matrix and diluents. The silica Nano-particles were 
used as fi ller material for preparing improved Nano-hybrid 
dental composite. Bis-GMA and TEGDMA were used in 
diff erent ratios (40:60 and 50:50) to prepare samples of 
dental composite. The filler part was then added 
incrementally to obtain homogenous mixture. Filler to 
matrix ratio in both samples varies with 40/60 and 50/50 
ratio respectively. To enhance the properties of this novel 
dental composite, anti-bacterial agent- chlorhexidine was 
added in diff erent proportions in both samples.

CHARACTERIZATION OF MATERIALS

The pure white amorphous silica was analyzed by the 
X-Ray Diff raction unit (Model: XRD Unit Phywe 4.0,
Germany) for its molecular and chemical composition.
Fourier Transform Infrared (FTIR) spectroscopy was
carried out using Thermofi sher FTIR (Model: NICOLET
ISO50, USA) on extracted silica to analytically test the
chemical and molecular properties of the sample. Before
preparing silica Nano-particles, the characterization test
was performed by Particle Size Analyzer (also called UV
visible analyzer) (Model: LPSA BT- 9300H). Furthermore, 
microanalysis testing carried out after wet milling using
Planetary Ball Mill (Model: TENCAN- XQM-16A, China), 
on silica Nano-particles by Scanning Electron Microscopy 
(SEM) (Model- JEOL JSM-IT-100, Germany).

RESULTS AND DISCUSSION

CHARACTERIZATION OF SILICA

SCANNING ELECTRON MICROSCOPY

Scanning Electron Microscopy (SEM) provided images of 
the samples by focusing and scanning their surfaces with 
a beam of electrons. The interaction between the electrons 
and the atoms of the sample generated signals that resulted 
in the SEM images used to analyze morphology of the 
sample. Figure 3 displayed the SEM results of the silica 
particles, showing spherical particles that were closely 
packed. The initial particle size of the extracted silica was 
47.66 μm, which was successfully reduced to the nanoscale 
at an average range of 200 nm, as shown in the SEM image 
that was validated by the study (Rungrodnimitchai et al. 
2009) in which spherical silica nano- particles were in the 
range of 200 to 400nm. This reduction in particle size met 
the established standards. Sample was in fi ne powder form 
after wet ball milling. Studies reported that silica nano-
particles exhibit high mechanical strength, porosity and 
interfacial interaction with the matrix material that helps 
to increase the life span of fi lling (Larissa Pavanello, 2024). 

FIGURE 3. Illustrates the SEM microgram of extracted silica

FOURIER TRANSFORM INFRARED 
SPECTROSCOPY (FTIR)

Figure 4 presented the FTIR spectra of the silica extracted 
from rice husk during this study. The spectrum illustrated 
the absorbance of infrared radiation (IR) by the sample as 
a function of wavelength. The Fourier transform infrared 
(FTIR) spectroscopy results revealed the presence of Si-
O-Si stretching vibration bonds within the range of 400 to
2000 cm⁻¹. Based on these FTIR results, it was confi rmed
that silica was successfully extracted. The absorption peaks 
identifi ed in this study, ranging from 1000 to 1090 cm⁻¹,
were consistent with those reported in (Sharma et al. 2023). 
Study related to interpretation of FTIR used as a standard
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information to evaluate and compare FTIR peaks of Silica 
(Nandiyanto et al. 2019). That study tabled that Si-O-Si 
bond, under the functional group Silicon-oxy compounds 
should have wave numbers ranging 1095-1075 / 1055-

1020, however, our results are also under the same range. 
Incorporation of silica nano-particles to composite fi llings 
improve the fl exural strength of overall fi lling material 
(Emad Azmy, 2022).

FIGURE 4. Illustrates the FTIR spectrum of extracted silica

X-RAY DIFFRACTION

The structure of the extracted silica was characterized using 
X-Ray Diff raction (XRD). In the initial extraction attempt, 
XRD analysis revealed the presence of impurities in the
silica, which led to a repeat of the extraction process. After 
successfully extracting pure silica, another XRD test was
performed to confi rm the absence of impurities. Figure 5
showed the XRD diffractogram of the successfully

extracted silica, with characteristic peaks of silicon dioxide 
recorded at 2-theta positions of 21.67, 38.38, and 44.68 
degrees. To validate the XRD results, the diff ractogram of 
the extracted silica was compared with a standard pattern 
(Nandiyanto, 2019), which also exhibited peaks at 
approximately 22, 28, and near the 40-degree range. The 
close alignment of these peaks with those in Figure 4 
confi rmed that the extracted powder was pure silica, free 
of impurities.

FIGURE 5. Illustrates the X-Ray diffraction pattern of extracted silica
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PARTICLE CHARACTERIZATION TEST

After a successful attempt of silica extraction, a particle 
characterization test was performed by Particle Size 
Analyzer, also called UV visible analyzer. Due to variation 
in particle size of sample, repeated measurement of laser 
particle analysis was found to be eff ective. The principle 
of the testing based on laser diff raction that measures 
distribution of particle size by measuring scattered laser 

bean variation in angle. The particle size observed through 
this testing was 47.66 μm. As silica was in amorphous 
form, studies revealed that homogenous powder size in not 
possible to be recorded in single digit micro meters (Rasool 
et al. 2015), so the average particle size in this study was 
in correct range. Figure 6 illustrates the result in graphical 
form.

FIGURE 6. Illustrates the particle size observed through UV visible analyzer.

CONCLUSION

In light of the aforementioned results and discussions, the 
newly developed dental composite addresses the issues of 
shrinkage and leakage while making it more aff ordable for 
individuals in low-income countries. Given that a large 
portion of the population is aff ected by dental cavities, 
which are most aesthetically treated with dental composites, 
the current composites are expensive due to their import 
costs. The innovation of the synthesized dental composite 
lies in using rice husk as the primary raw material for silica 
extraction, which signifi cantly reduces the cost of the 
composite. The nanoparticles of silica are expected to 
mitigate shrinkage issues, and the incorporation of 
chlorhexidine will provide protection against microbes that 
cause leakage. Peaks in XRD pattern (21.67, 38.38, and 
44.68 degrees) were validated with standard results, which 
shows that silica was eff ectively extracted from rice husk 
using chemical treatment, and the nanoparticles were 
successfully produced via ball milling. FTIR spectrum of 
extracted amorphous Silica showed relative transmittance 

in range of 1000-1095 cm-1, which verifi es the functional 
group. The silica nanoparticles serve as the main fi ller 
material, potentially extending the dental composite’s 
lifespan compared to existing products used in Pakistan’s 
dental industry. Additionally, by utilizing bio-waste, this 
approach reduces environmental contamination. As a 
natural and organic biomaterial is used, the environmental 
impact will be minimal. Ultimately, this dental composite 
will be more cost-eff ective and superior, allowing more 
patients to access this aff ordable treatment. Future testing 
could include anti-bacterial and animal studies to ensure 
safety for clinical use. This research off ers a pathway for 
developing dental composites from organic materials, 
thereby reducing costs, reliance on imports, and customizing 
properties. Although, there are still many testing that should 
be done on this newly developed dental composite. In 
future, comparative analysis testing (including compressive 
strength, tensile strength and anti-bacterial response) will 
be carried out to compare dental composites available in 
market and developed by this study. Further, animal testing 
and human trials can also be implemented.
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