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ABSTRACT 

Silica powder was obtained from the mud volcano of Napan Village following the co-precipitation 
method. This research aimed to determine the phase changes that occur in calcined silica with 
various temperatures. This research was carried out in three stages, there are the preparation of 
a mud volcano using the pre-treatment method, extraction of silica with sodium hydroxy solution, 
and calcination of silica with temperature variations. By analysis of XRF and XRD results, the mud 
volcano samples showed a high percentage of SiO2 minerals. The results of silica characterization 
using XRD showed that uncalcined and calcined silica at 600oC had an amorphous structure with 
broading peaks. Tridymite and cristobalite phases were detected in calcined silica at 800oC and 
1000oC. Calcined silica at a temperature of 1000oC transformed the tridymite phase to cristobalite 
with a decrease in the intensity of the tridymite phase while the cristobalite phase increased. 
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INTRODUCTION  

Silica as one of the main materials in 

the industrial sector needs to be developed 

and increased its availability. Silica dioxide is 

a natural mineral that has been used in daily 

life, such as the main ingredient in the 

industry of glass, building materials (cement, 

concrete, ceramics), paper, textiles, 

electronic devices and paints [1,2]. Generally, 

silica can be found in rice husks [3], volcanic 

ash [4], sand [5], mud [6], etc.  

One of the natural potentials currently 

attracting attention is a mud volcano in Napan 

Village that has not been explored and 

utilized. The mud volcano of Napan Village 

has existed since 2007 and occurs naturally. 

Therefore, it is very difficult to stop the 

activities other than the end of the mudflow. 

So, this can have a bad impact on the 

surrounding area [7].  

Research using the mud volcano of 

Napan village has not been widely reported. 

Research from Naikofi [8] reported in a 

geological science study and analysis results 

using XRD showed that the mineral 

composition that dominates this mud is 

quartz (SiO2). Research conducted by 

Gelyaman [7] characterized mud volcanoes 

with two different treatments, there are 
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without heating and with heating. The results 

showed that the most dominant percentage 

of mineral composition was silica dioxide at 

52.00% followed by iron oxide and aluminum 

oxide as well as other minerals, but these two 

results did not produce silica with a high 

enough purity level. 

The level of silica purity is an effort that 

needs to be made to increase the percentage 

by weight. This can be done by separating 

silica from other minerals that become 

impurities in a material. Based on previous 

researchers, there are several methods of 

synthesizing silica from natural materials, 

including sol-gel at a temperature of 600oC 

[3], alkaline fusion at 550oC [9], co-

precipitation only at 80oC [10]. Therefore, the 

co-precipitation method is more energy 

efficient so it is relatively easy to do. This 

method has advantages when compared to 

other conventional methods, there are having 

a high level of purity, simple deposition 

process, relatively fast time, simple 

equipment and relatively low cost [11].  

Generally, co-precipitation silica can 

be either amorphous or crystalline. Silica 

crystallinity can be increased by calcining 

[12]. Silica has a quart phase with a 

hexagonal structure at a temperature of 

600oC, while at a temperature of 700oC and 

800oC the silica has a quart and cristobalite 

phase [12]. Micro silica synthesized from the 

beach sand of Bancar, Tuban, East Java by 

calcination at temperatures of 800oC and 

1000oC produces quart phase, while the 

quart and low cristobalite phase produced at 

temperature of 1200oC [13].  

Based on the description above, this 

study will be preparing the mud volcano using 

the pre-treatment method. Mud volcano 

powder will be characterized using X-Ray 

Fluorescence (XRF) and X-Ray Diffraction 

(XRD) instruments as initial analyses to 

identify silica mineral content in mud volcano 

samples. Silica extraction was carried out 

using the co-precipitation method with 

various calcination temperatures and 

characterized using XRD to see the phase 

transformations that occur in calcined silica. 

The data can become an alternative utilizing 

mud volcano in Napan village as a silica 

resource.  

 

METHODS 

1. Materials  

The chemicals used include Sodium 

hydroxide (NaOH), chloride acid (HCl), 

aquadest and mud volcano obtained from 

Napan village in the District of North Central 

Timor, Province of East Nusa Tenggara, 

Indonesia.   

2. Procedure  

a. Preparation of Mud Volcano 

12 grams of mud volcano were washed 

with 60 mL of 3 mol/L HCl using a hot plate 

stirrer at 60oC for 2 hours. The results 

obtained were filtered using filter paper. The 

residue was washed with distilled water until 

the pH was neutral and dried in an oven at 

70oC for 24 hours. Furthermore, it was 

mashed using a mortar and calcined using a 

furnace at a temperature of 900oC for 1 hour. 

The pure mud volcano powder produced was 

filtered through a 100 mesh sieve and 

characterized using XRF and XRD. 
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b. Extraction of Silica 

10 grams of mud volcano powder was 

added to 60 mL of 7 mol/L NaOH solution and 

heated in a closed 250 mL Erlenmeyer flask. 

The mixture was stirred using a magnetic 

stirrer at 70oC for 1 hour. Then, the solution 

mixture was filtered through filter paper. The 

filtrate was titrated with 2 mol/L HCl gradually 

until it reached pH 7 and allowed to stand for 

a maximum of 24 hours. The silica gel formed 

was washed with warm distilled water at least 

5 times to remove the NaCl content from the 

silica gel. Furthermore, the silica gel 

precipitate was dried in an oven at 80oC for 

24 hours and then calcined with a 

temperature variation of 600oC, 800oC, and 

1000oC for 3 hours. The calcined silica 

powder was characterized using XRD. 

 

RESULTS AND DISCUSSION 

1. Mud volcano preparation 

  

 

Figure 1. Mud volcano powder (a) Before 
preparation (b) Preparation result 
 

Mud volcano preparation is carried out 

using a pretreatment method in which the 

mud volcano is separated from its impurities 

by washing with 3 M HCl solution. This 

method does not affect the crystalline or 

amorphous structure of the silica, but can 

affect the chemical composition of the mud 

volcano [14]. 

The colour change in the mud sample 

(Figure 1) is caused by the dissolved 

impurities contained in the sample, which are 

also wasted in the filtrate when the washing 

process is carried out using HCl [1]. 

a. XRF analysis 

Table 1. XRF data on mineral composition in 
mud volcano of Napan village 

 Minerals 

Samples Composition 
Persentage (%) 

Before 
preparation    

After 
preparation  

Al2O3 16 17.8 

SiO2 53.8 69.1 

K2O 4.95 6.29 

CaO 3.12 - 

TiO2 1.83 2.23 

V2O5 0.062 0.073 

Cr2O3 0.069 0.051 

MnO 0.19 0.025 

Fe2O3 18.9 4.15 

 

The XRF data are presented in Table 

1. The results show the mud volcano sample 

contains several minerals with the most 

dominant percentages, there are SiO2, Al2O3, 

and Fe2O3. The acid and thermal treatment 

are efficient, resulting in a material with a high 

reduction in CaO, SrO, BaO, EuO3, Cr2O3, 

MnO, Fe2O3, NiO, CuO, ZnO, Rb2O and 

Yb2O3 content. HCl solution serves to purify a 

substance from impurities by dissolving the 

metal and non-metal content of a material 

[1,15]. In addition, the calcination process 

can also increase the percentage of silica 

minerals. These results are in accordance 

with research conducted by Ulfindrayani [16]. 

a 

b 
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The Lapindo mud washing process reduces 

the levels of metals such as Fe2O3, CaO, 

V2O5 and MnO and increases the percentage 

of silica minerals. 

b. XRD analysis 

The XRD diffractogram of the mud 

volcano sample is shown in Figure 2. The 

diffractogram obtained was matched with the 

AMCSD (American Mineralogist Crystal 

Structure Database). Overall, the 

diffractogram shows the mud volcano sample 

contains the majority of compounds in the 

amorphous phase. This result resembles the 

diffractogram data from the Lapindo 

Sidoardjo mud which is a similar eruption to 

the mud volcano of Napan village [16]. The 

diffractogram shows the highest absorption 

peak of 2θ = 26.62o – 26.63o with a d-spacing 

of 3.34 Å according to the database AMCSD 

Number 0004267. This absorption shows the 

quartz SiO2 compound and its the most 

dominant mineral in the mud volcano based 

on the composition percentage is 53.8% 

before preparation and 69.1% after 

preparation. 

Other minerals found in the mud 

volcano sample are kaolinite which appears 

at the absorption peak of 2θ = 12.49o with a 

d-spacing of 7.086 Å. The 2θ absorption peak 

that appears at 22.03 and 27.90o indicates 

the presence of cristobalite minerals [17]. 

Another absorption of the mineral cristobalite 

appears at 36.54o; 68.32o; 73.42o, and 

81.45o. According to the database AMCSD 

Number 0010761, gibbsite mineral appears 

at 45.80o with a d-spacing of 1.98 Å for both 

samples. 

 

Figure 2. XRD diffractogram of mud volcano sample 

 

The absorption peak which shows the 

mineral hematite appears at 54.89o with a d-

spacing of 1.67 for both samples. The mineral 

alumina corundum was also detected in the 

sample of the mud volcano before 

preparation at 34.94o with a d-spacing of 2.56 

Å. Illite minerals were detected at the peaks 

of 19.82o and 42.45o with d-spacing of 4.478 

and 2.129 Å. 

Based on XRD data, the mineral 

content in the mud volcano of Napan Village 

consists of quartz, kaolinite, cristobalite, 
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hematite, alumina, and illite. The mineral that 

has the largest content is the mineral quartz. 

Therefore, the mud volcano of Napan village 

can be used as a source of silica as 

suggested by previous researchers.  

2. Silica extraction 

The extraction process is carried out 

using sodium hydroxide (NaOH) as solvent. 

NaOH is used in this study because silica can 

react with bases, especially strong bases 

such as hydroxy alkali. The reaction 

mechanism that occurs is [18] : 

SiO2(s) + 2NaOH(aq)  Na2SiO3(aq) + H2O(aq) 
 

The addition of HCl solution as a 

strong acid aims to exchange Na+ and H+ 

ions. The result is solid in the form of a gel 

which will then separate the particles of silica 

bound to water molecules, namely silica 

hydrosol or silicic acid (H2SiO3). The reaction 

mechanism that occurs is [18] : 

Na2SiO3(aq) + 2HCl(aq)  H2SiO3(s) + 2NaCl(aq) 
 

The process of washing the precipitate 

with warm distilled water aims to remove 

excess acid and NaCl salt content during the 

reaction. Meanwhile, the sediment drying 

process resulted in a dehydration process of 

silica hydrosol so that silica gel would be 

produced. The reaction mechanism that 

occurs is [19] : 

H2SiO3(s)  SiO2(s) + H2O(aq) 
 

The extracted silica shows a broad 

peak at 2θ = 20-30o and the result is 

presented in Figure 3. The broad peak 

confirms the formation of amorphous silica. 

The diffraction pattern of the extracted silica 

powder appears at sharp peaks, including 2θ 

= 20.115o; 2θ = 21.322o; and 2θ = 22,339o. 

Silica gel from volcanic ash has an 

amorphous phase with the peak detected at 

2θ = 22.6563o [20].  

 

Figure 3. XRD diffractogram of extracted silica 

 

Table 2. The yield of calcined silica 

No Silica calcined 
temperature (oC) 

Initial mass of 
silica (gr) 

Mass of calcined 
silica (gr) 

Yield of calcined 
silica (%) 

1. 600 2,50 1,86 74,54 
2. 800 2,50 1,76 70,4 

3. 1000 2,50 1,57 62,8  
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Calcined silica content at a 

temperature of 600oC to 1000oC was 

decreased as shown in Table 2. When the 

calcination of temperature was increased 

along with the yield of silica decreased. Its 

because there has been a transformation of 

the amorphous phase into a crystal which can 

be seen from the XRD characterization 

results [21]. 

a. Characterization of calcined Silica by 

XRD 

A Comparison of the diffraction pattern 

of silica samples is shown in Figure 4. The 

structure of calcined silica was change, 

because by the large of energy that can make 

a random structure changes to regularity. 

Silica calcined at 600oC has an amorphous 

structure with a steeper absorption pattern 

when compared to silica without calcination. 

This is due to the lack of holding time in the 

calcination process. The diffraction pattern 

shows a shift in absorption to a smaller peak 

with a broading peak between 2θ = 17-27o. 

The maximum absorption peak appears at      

2θ = 21.704o. Silica gel with broad peaks in 

the range of 2θ = 20-22o indicates silica with 

an amorphous phase [22].  

The calcined silica samples at 800oC 

and 1000oC shows a phase change into 

crystals which were indicated by the 

presence of sharp peaks. The formation of 

this diffraction pattern is due to the scattering 

of atoms in the hkl plane in the crystal [12]. 

 

Figure 4. Silica diffraction pattern (a) without calcination (b) 600oC calcination, (c) 800oC 
calcination and (d) 1000oC calcination 

 

The sharp peak at 2θ = 21o indicates 

the calcined silica has a low cristobalite 

structure with an intensity of 100%. This 

study indicates that the silica phase conforms 

to the AMCSD Number 0010752. The crystal 

structure formed is tetragonal with Miller 

index [11] and has   α = β = γ = 90o. Silica 

calcined at a temperature of 800oC produces 

silica- cristobalite with a tetragonal structure 

at an angle of 21.923o with FWHM 0.1574 

[12]. The observation indicates calcined silica 

at 800oC and 1000oC has tridymite (T) and 

cristobalite (C) phases. The intensity of the 

cristobalite phase in calcined silica at 1000oC 
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increased along with the decrease in the 

intensity of the tridymite phase. A study from 

Deshmukh [23] shows that at a calcination 

temperature of 1000oC, silica extraction from 

rice husks obtained a crystal phase, which 

was identified as tridymite and cristobalite. 

The transformation of α Quartz to β Quartz 

occurs at 573oC. Quartz is converted to 

cristobalite at 870oC and it converts to 

tridymite at 1.470oC [23].  

The position of the absorption peak 

and the width of the peak in each pattern 

shows a significant difference. To determine 

the peak position and peak width of the silica 

XRD results, it can be seen in the calculation 

of the full width at half maximum peak 

(FWHM) using Origin software. The results of 

the calculation of the peak width of the XRD 

pattern of silica samples in this study are 

summarized in Table 3 below: 

 

Table 3. Width and peak position of the XRD 
pattern of silica samples 

No  Sample type 
Top 

position 
Peak width 

1. 
Silica without 
calcination 

23.673 20.52 

2. 
Calcined 
silica 600oC 

21.704 18.72 

3. 
Calcined 
silica 800oC 

21.829 1.44 

4. 
Calcined 
silica 1000oC 

21.894 1.09 

 

The peak width value of the silica 

samples decreased significantly so that the 

phase of each sample analyzed could be 

identified. The smaller the peak width, the 

closer the crystal phase of the silica sample 

will be [24]. The results of the analysis 

showed that the un-calcined silica sample 

and the calcined silica sample at a 

temperature of 600 oC had not yet formed a 

crystalline phase but were still in the form of 

an amorphous phase due to the lack of 

holding time during the calcination process. 

On the other hand, synthesised silica 

nanoparticles had a quartz phase at a 

temperature of 600 oC with a calcination 

holding time of 5 hours [12]. 

Calcined silica samples at 

temperatures of 800 oC and 1000 oC have 

formed a crystalline phase which is 

characterized by smaller peak widths and 

narrow diffraction peaks. This result is in 

accordance with the research conducted by 

Latif [13] which produced silica with 

cristobalite phase at 1000 oC with a holding 

time of 4 hours. This calcination temperature 

resulted in the XRD pattern being at an angle 

of about 21o with a narrow peak width. 

 

CONCLUSION 

Based on the research, it can be 

concluded that uncalcined silica and calcined 

silica at 600oC had an amorphous structure 

with broad peaks. Silica calcined at 

temperatures of 800oC and 1000oC shows a 

structural change into a crystal. Silica 

calcined at 800oC and 1000oC has tridymite 

and cristobalite phases. The phase 

transformation from tridymite to cristobalite 

occurred in calcined silica at 1000oC which 

was caused by the reduced intensity of the 

tridymite phase while the intensity of the 

cristobalite phase increased. 
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