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White Mineral Trioxide Aggregate (WMTA) was produced using silica as the 
initial material extracted from rice husk ash and calcium carbonate limestone. 
This research was initiated by calcinating rice husk ash at 700°C for 3 hours. 
Silica extraction was performed using 2 M NaOH and added HCl. The extract 
precipitate was washed using deionized water. Calcium carbonate was made 
from limestone using 1 M HNO3 and NH3 and continued with carbonation. WMTA 
was produced by mixing SiO2, CaCO3, and Al2O3. The mixture was homogenized 
with deionized water and heated, then pellets calcined made at a temperature of 
1000°C, and calcination products were added Bi2O3. Synthesized WMTA 
characterized using TGA/DSC, FTIR, and XRD showed the presence of Ca3SiO5, 
Ca2SiO4, and Ca3Al2O6 phases, which were like ProRoot’s WMTA. 

 

1. Introduction 

Silica and calcium carbonate are the constituent 
components of MTA, which are widely used as dental 
bio-cement materials. These materials are used as 
restorative materials to line the roots of teeth, cover 
small holes in teeth, and reduce the occurrence of 
apexogenesis and hypersensitivity in teeth [1]. MTA is 
one of the most widely used fillings and endodontic 
treatment materials. Unal et al. [2] stated that MTA has 
biocompatibility, excellent sealing ability, radiopacity, 
and moisture resistance. MTA material has the potential 
to induce cementogenesis and osteogenesis in filling the 
hollow internal root resorption areas during the apical 
root canal treatment process [3]. 

One of the most often used materials in endodontic 
therapy is MTA. Many minerals, such as tricalcium 
oxide, silica oxide, tricalcium silicate, tricalcium 
aluminate, and dicalcium silicate, are present in this 
substance. MTA also contains 5% hydrated calcium 
sulphate and tetra calcium aluminoferrite, as opposed to 
MTA ProRoot, which typically comprises 70% Portland 
cement, 20% bismuth oxide, and 5% gypsum [4]. MTA 
is available in two different product types on the market: 
grey mineral trioxide aggregate (GMTA) and mineral 

trioxide aggregate (WMTA). GMTA has the problem of 
discoloring the tissues around the teeth due to its high 
Fe concentration [5]; hence, WMTA is the most recent 
product to replace GMTA [6]. 

Commercial MTA is relatively expensive, around 
80-85 USD per gram, so it becomes one of the problems 
in endodontic treatment in Indonesia. The vast majority 
of endodontic materials utilized are imported. Due to the 
lengthy delivery process, imported products are 
susceptible to having a shorter shelf life. The shelf life of 
endodontic supplies may be shorter in humid 
environments. Based on these issues, it is required to 
commence the production of MTA endodontic materials 
with adequate properties using basic ingredients readily 
available in Indonesia; this would make the products 
more affordable and extend their shelf life. 

Limestone, an abundant mineral resource in 
Indonesia spread across various islands such as Sumatra, 
Java, Nusa Tenggara, Sulawesi, Papua, and other islands, 
is estimated at around 2,160 billion tons [7]. Recent uses 
of limestone are limited to quicklime and cement 
industry raw materials; hence, its economic value is 
modest. Conversely, limestone is utilized as a WMTA 
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precursor because it includes a high concentration of 
calcium carbonate (CaCO3), roughly 95% [8]. 

Rice husks are generally considered agricultural 
waste resulting from the rice milling process. In the rice 
milling process, about 20-30% rice husk is obtained, and 
about 14-20% ash is produced from burning rice husk. 
The main components of rice husk are cellulose (25 to 
35%), hemicellulose (18 to 21%), lignin (26 to 31%), and 
silica (15 to 17%), In rice husk, there is about 15-20% 
silica, or about 85-95% silica is present in rice husk ash 
from complete combustion [9]. Therefore, the natural 
material silica from rice husk ash can be used as a 
precursor for the manufacture of WMTA. 

Based on this description, this study examines the 
manufacture of White Mineral Trioxide Aggregate 
(WMTA) by utilizing natural silica materials from rice 
husks and calcium carbonate from limestone using the 
calcination method, which will form aggregates between 
silica and calcium carbonate so that it will have 
characteristics with WMTA commercial (ProRoot), as 
determined by DTA/TGA, XRD, FTIR, and SEM analysis. 

2. Experiments 

2.1. Materials and Instruments 

The materials were rice husk, limestone, NaOH, 37% 
HCl, NaOH, HNO3, 25% NH3, distilled water, CO2 gas, 
synthesized calcium carbonate, Al2O3, Bi2O3. The 
instruments were Thermogravimetric Analysis (TGA), 
Differential Scanning Calorimetry (DSC), X-Ray 
Diffraction (XRD), Fourier Transform Infrared 
Spectroscopy (FTIR), and Scanning Electron Microscopy 
(SEM). 

2.2. Preparation and Extraction of Rice Husk Silica 

Rice husk was burned to charcoal for 2-3 hours, 
thinly inserted into a porcelain kettle, and then stirred at 
a temperature of 700°C for 4 hours. 5 g of cooled rice 
husk ash was dissolved in 30 mL of 2 M NaOH and stirred 
using a magnetic stirrer at 90°C for 1 hour. Then, the 
solution was filtered and separated from the residue. The 
filtrate was isolated by reacting with 37% HCl solution 
and then shaken to pH 7. 

2.3. Extraction of Calcium Carbonate 

As much as 4 g of limestone, which had been 
crushed into a 200-mesh size, was dissolved using 100 
mL of 0.8 M HNO3 and stirred using a magnetic stirrer 
for 30 minutes. The solution was then filtered with 
Whatman 42 filter paper to separate it from impurities. 
The filtrate was added with 20 mL of 25% NH3 to make 
the atmosphere alkaline. The process was continued by 
CO2 carbonation using a 3 mm nozzle for 60 minutes and 
sonicated for 60 minutes from the precipitate to uniform 
the size. The precipitated calcium carbonate was washed 
with deionized water until neutral and dried in the oven. 

2.4. Synthesis of WMTA 

WMTA was synthesized using the sol-gel process, 
which started with the dissolution of 10 g of precipitation 
calcium carbonate (PCC) from limestone in 40 mL of 
distilled water, followed by adding 0.25 mL of NH3 for 5 

minutes to generate solution I. Solution II was prepared 
by dissolving 2 g of silica in 30 mL of distilled water, 
which was then added to 0.25 mL of NH3 for 5 minutes. 
Solution III was prepared by dissolving 0.2 g of Al2O3 with 
0.5 mL of NH3. The three solutions were mixed and then 
stirred using a magnetic stirrer for 60 minutes at a speed 
of 750 rpm. Stirring was continued, accompanied by 
heating at 85°C for 24 hours for the homogenization 
process. Then, a thick MTA gel was produced. The MTA 
gel was dried at 120°C for 6 hours to create a white 
powder product. The white powder was then given a 
thermal treatment at a temperature of 1000°C for 3 
hours, and the final product was added 18% Bi2O3. 

3. Results and Discussion 

3.1. Silica Extraction 

The Fourier-transform Infrared Spectroscopy 
(FTIR) spectra in Figure 1(a) show that the absorptions 
at 3448 cm-1 and 3441 cm-1 are a water molecule, 
representing –OH stretching vibration of silanol or 
water molecules adsorption on the silica surface [10]. 
Absorption at wavenumber 1650 cm-1 appears in the 
spectra for all samples. According to Abou Abou Rida and 
Harb [11], absorption is a bending vibration of water 
trapped in the silica matrix. This absorption is not 
entirely lost by heating, but its intensity can be reduced 
[11]. 

According to Mujiyanti et al. [12], the SiO2 character 
of the absorption bands that appeared in the silica gel 
spectra generally indicated that the functional groups 
present in the silica gel made from rice husk ash were 
silanol groups (Si-OH) and siloxane groups (Si-O-Si), 
giving vibrations stretching and bending that can be 
observed at 400-1400 cm-1. In Figure 1, the bands at 1095 
cm-1 and 1103 cm-1 are assigned to the vibration 
absorption of Si-O-Si [13]. The Si-O-Si absorption peak 
gradually shifts towards high frequency, indicating the 
stronger band between silicon and oxygen and the higher 
degree of polymerization of the Si-O-Si groups [14]. 

 

Figure 1. (a) FTIR spectra, (b) XRD diffractograms of 
silica and ICCD silica 

Silica was characterized using X-ray Diffraction 
(XRD) to identify the level of crystallinity and phases 
formed from silica. The extracted silica diffractogram 
that is formed can be seen in Figure 1(b) has a distinctive 
widened peak at 2θ = 22° and indicates the presence of 
amorphous silica [15]. According to Bakar et al. [16], 
optimizing temperature in ash formation can inhibit 
silica crystallization formation. The phase formed was 
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amorphous according to ICDD #00-029-0085, and the 
formed phase was amorphous according to ICDD #00-
029-0085, based on Figure 1(b). it can be concluded that 
silica extraction from rice husk ash was successful. 

3.2. Characterization of Calcium Carbonate from 
Limestone 

The spectra (peaks) in the range of wavenumbers 
4000-400 cm-1 are shown in Figure 2(a). FTIR spectra 
analysis of calcium carbonate shows the presence of 
several absorption bands (peaks). The presence of water 
(-OH functional group) appears at 3448 cm-1. The 
absorption at 2515 cm-1 is assigned to the vibration of the 
asymmetric C=O functional group [17]. According to 
Hughes et al. [18], a wavenumber of 1419 cm-1 is 
characteristic of the calcite phase. Alam and Chowdhury 
[19] stated that wavenumbers 871 cm-1 and 709 cm-1 
came from the C-O functional group, which indicated the 
presence of CaCO3. The functional groups found in 
calcium carbonate are dominated by C-O bonds. 

The diffractogram in Figure 2(b) shows the presence 
of a calcite phase of CaCO3 according to ICDD #00-005-
0586, which has a rhombohedral system; meanwhile, 
the CaCO3 structure has a calcite shape. This happened 
because, during extraction using 1 M HNO3, the 
concentration of HNO3 affected the formation of the 
CaCO3 crystalline phase. The greater the concentration of 
HNO3, the greater the tendency to increase the formation 
of amorphous CaCO3. There is a strong interaction 
between H+, OH-, and Ca2+, which affects the morphology 
of crystal growth and the formation of CaCO3 particles. 

CaO(s) + 2HNO3(l) → Ca(NO3)2(l) + H2O (1) 

Ca(NO3)2(l) + 2NH3 + CO2(g) + 3H2O → CaCO3(s) + 
2NH4NO3(aq) + 2H2O  (2) 

In Figure 2 (b), it can be seen that the maximum 
diffraction peak occurs at 2θ = 29.37°. This indicates that 
the resulting crystals are calcite. The calcium atom is in 
the face-centered cell of the rhombohedral unit. Calcite 
has a Miller index of 104 and a diffraction angle of 29.5°, 
aragonite 221 at 2θ= 47°, and vaterite 110 at 2θ= 25°. In 
addition, the supporting peaks of the diffraction angle 
are at 23.02°, 35.97°, 39.57°, 43.66°, 46.04°, 47.58°, 
48.50°, 56.66°, and 57.51°. This value is the same as that 
obtained by ICDD #00-005-0586. 

 

Figure 2. (a) FTIR spectra and (b) XRD diffractogram of 
Calcium carbonate 

3.3. Characterization of WMTA 

3.3.1. Decomposition of WMTA 

WMTA as a starting material (pre-calcination 
material) was characterized using TGA to determine 
sample reduction and thermal stability on heating. 
WMTA precursors were prepared using 2 g of silica, 10.71 
g of calcium carbonate, and 0.2 g of Al2O3. The results 
show a relationship curve between weight vs. 
temperature (Figure 3(a)). TGA with a testing 
temperature of 37–1000°C decreased sample weight 
caused by water loss in WMTA. WMTA with NH4OH in 
the area of 550–750°C a decomposition of 3.97 mg 
occurred, indicating a change in the phase or structure 
of the compound from CaCO3 to CaO by releasing CO2 
[20]. Characterization DSC (Differential Scanning 
Calorimetry) was used to evaluate the heat’s effect on the 
phase transitions and chemical reactions in Figure 3(b). 
The heat rate of experiencing heat release at a 
temperature of 200°C the loss of water content due to the 
process, at 750°C shows the highest temperature of a 
component so that it slows down decomposition as well 
as phase formation, and at 1000°C the end of the 
formation of aggregate components so that the graph 
starts to slope and decline. 

 

Figure 3. (a) TGA and (b) DSC of MTA 

Based on the results of the characteristics of 
TGA/DSC with a testing temperature of 37–1000°C, it can 
already form various new phases, especially in the 
decomposition of CaCO3. The results of XRD 
characterization can prove this statement after the 
calcination treatment gives the formation phase, 
especially the phase involving the decomposition of Ca, 
which will form Ca2SiO4, Ca3SiO5, dan Ca3Al2O6 with 
mechanisms (3 to 6). 

 CaCO3 + SiO2 → CaSiO3 + CO2 (3) 

 2CaCO3 + SiO2 → Ca2SiO4 + 2CO2 (4) 

 3CaCO3 + 2SiO2 → Ca3SiO5 + 3CO2 (5) 

 3CaCO3 + Al2O3 → Ca3Al2O6 + 3CO2 (6) 

3.3.2. Structure Characterization and Crystallinity 

FTIR characterization was used to compare the 
presence of functional groups in the WMTA synthesized 
after calcination at 1000°C. In Figure 4 (left), a 
wavenumber of 733 cm-1 is seen in the IR spectra, which 
indicates the presence of Si-O [21]. In this process, 
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silanol Si-OH groups were also obtained at 1055 cm-1. In 
addition, there are also O-H groups that indicate water 
molecules at 3140 cm-1. 

MTA has a sharp absorption at 3360 cm-1, showing 
the vibration of the –OH group of Ca(OH)2 formed. The 
wavenumber of 3140 cm-1 appears the same as the 
weaker WMTA spectra, indicating a decrease in the –OH 
functional group. In addition, in WMTA, after 
calcination, Si-O vibrations appeared at 1110 cm-1 and 
623 cm-1 from the Si-O functional groups indicating the 
presence of Si-O-Ca bonds [22]. 

WMTA is similar to ProRoot, after calcining the 
powder at a temperature of 1000°C, adding bismuth 
oxide at the end of the reaction, and changing the 
functional group Ca(OH)2 to Si-O-Ca at 874 cm-1. The 
characteristic spectral peaks of silica on WMTA tend to 
change after this calcination. Calcination resulted in a 
widened absorption. Based on this statement, it can be 
indicated that there has been a reaction between Si and 
other compounds to produce characteristic absorption 
bands such as WMTA ProRoot. Bi2O3 absorption as a 
radiopaque agent in WMTA can be seen at wave numbers 
< 600 cm-1 [23]. Research that supports Bi2O3 absorption 
at this wave number is Indurkar et al. [24], in the form of 
Bi-O bending vibrations. The experimental results 
showed uptake of Bi-O at 516 cm-1 for all treatments. The 
absorption also overlaps with the absorption of SiO2 
formation. Another indication can be revealed that SiO2 
has changed into another phase. Then the wavenumber 
originally occupied by SiO2 is absorbed by Bi2O3 [24]. 

 

Figure 4. FTIR (left) and XRD (right) of (a) MTA (b) 
WMTA (c) ProRoot 

Characterization by XRD to determine the structure 
and crystallinity of WMTA treated WMTA powder after 
calcining at 1000°C and adding bismuth oxide at the end 
of the reaction. The resulting product was characterized 
by its crystallinity, and the results are shown in Figure 4 
(right). The figure shows that WMTA has been 
successfully synthesized because it has a peak similar to 
ProRoot. In each sample, the Bi2O3 phase ICDD #00-027-
0053 has a monoclinic crystal system, tricalcium silicate 
(Ca3SiO5, C3S) ICDD #00-0033-0302 has a monoclinic 
crystal system and dicalcium silicate (Ca2SiO4, C2S) ICDD 
#00 -0049-0442 has a monoclinic crystal system and 
tricalcium aluminate phase (Ca3Al2O6) ICDD #00-032-
0148 has a monoclinic system. The XRD results which are 
characteristic of WMTA are the appearance of the 
characteristic peak of Bi2O3 at 2θ = 24.62°, 25.82°, 27.34°, 
28.30°, and 46.32°, tricalcium silicate crystals at 2θ = 

32.53°, 34.13°, 52.32°, and the dicalcium silicate phase at 
2θ = 18.26°, 32.13°, 37.52°, 41.22°, 50.81° and tricalcium 
aluminate phase 2θ = 33.24°. 

Characterization by XRD of WMTA samples which 
can be seen in Figure 4 (right), shows that the 
crystallinity of each sample is similar to WMTA ProRoot. 
The intensity associated with Ca2SiO4 at 2θ = 17.94° is due 
to the NH3 used as a catalyst in the sol-gel process 
affecting the peak intensity [25, 26]. Tricalcium silicate 
is the main component in forming calcium silicate 
hydrate, which provides initial strength for physical 
properties. Alumina silicate is the most reactive element 
and reacts quickly with water. However, its contribution 
to the physical strength of WMTA is minimal [24]. The 
alumina silicate phase is produced by adding alumina to 
the mix, and alumina helps to reduce the firing 
temperature used to form WMTA cement [27]. The 
intensity of the peaks is nearly similar to WMTA ProRoot. 
It shows similarities in the important peaks, Ca3SiO5 and 
Ca2SiO4, at the 2θ = 30-35°. 

3.3.3. SEM Analysis 

The MTA, WMTA, and ProRoot images are presented 
in Figure 5. In these images with a magnification of 
5000×, it is visible that calcined MTA has a uniform 
morphology as if covered by granular material. The 
WMTA image from the experimental results can be seen 
in Figure 5. The synthesized WMTA has a morphology 
with a uniform particle shape. This indicates that the 
WMTA experimental results have a homogeneous 
structure. ProRoot is a commercial WMTA that has a 
uniform morphology. 

 

Figure 5. SEM images of (a) MTA (b) WMTA (c) ProRoot 

3.3.4. Radiopacity 

In dentistry, radiographic examination of 
endodontic materials has a role in determining 
radiopaque properties. The experimental WMTA used 
Bi2O3, giving WMTA radiopaque properties according to 
WMTA ProRoot [25]. 

 

Figure 6. Table of Radiopacity WMTA and ProRoot 
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The standard for assessing the radiopacity of 
materials used radiographic films according to ISO 4049 
standards. WMTA has a radiopacity value of 3 mm Al, 
which can distinguish between WMTA and teeth during 
the treatment process. The results of the radiopacity test 
are presented in Figure 6. WMTA ProRoot has the highest 
radiopaque value of 10.76 ± 0.305 mm. However, the 
synthesis results show that the WMTA is only 3.250 ± 
0.088 mm. 

4. Conclusion 

The silica of rice husk ash and calcium carbonate 
produced has the potential as a base material for WMTA. 
Silica was successfully extracted from rice husk ash. 
Calcium carbonate can be synthesized by the carbonation 
method by adding HNO3. WMTA with a temperature of 
1000°C was successfully synthesized, having Ca3SiO5, 
Ca2SiO4, and Ca3Al2O6 phases similar to WMTA ProRoot. 
Radiopacity value of WMTA 3.250 ± 0.088 mm. 
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