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Research on the synthesis and characterization of SiO2/ZnO nanocomposites from 
zinc waste and Mount Merapi volcanic ash has been carried out. The semiconductor 
used was ZnO using a SiO2 as the host material. The use of SiO2 was due to its high 
efficiency and abundant raw materials. This is because the eruption of Mount 
Merapi occurs regularly every four years. Apart from the abundant presence of SiO2, 
the source of ZnO from lathe workshop waste is also easy to obtain. The research 
aims to reduce the volume of zinc waste from the lathe and volcanic ash, which was 
not optimized. Zinc waste and volcanic ash were synthesized into nanocomposites. 
Then the obtained nanocomposites were characterized to determine their 
effectiveness in degrading various wastes. The synthesis of SiO2/ZnO 
nanocomposites was carried out using the sol-gel method as easy and highly 
effective. The method used is to transform zinc waste into Zn(OH)2. The volcanic 
ash was extracted with KOH to form potassium silicate (K2SiO3). Zn(OH)2, (K2SiO3) 
and HCl were reacted together when sonicated, then calcined at 550°C. The results 
showed that SiO2/ZnO nanocomposites made from volcanic ash and zinc waste 
produced composite sizes with a size range of 100-200 nm and a uniform circular 
shape. FTIR analysis results show that SiO has the peaks at wavenumbers of 993.34 
and 1109.07 cm-1, while the ZnO peak is at wavenumbers of 443.63 cm-1. The XRD 
diffractogram of SiO2/ZnO nanocomposites shows peaks at 2θ of 30.42°, 31.56°, and 
44.40°. 

 

1. Introduction 

The eruption cycle of Mount Merapi is routine every 
four years. Mount Merapi, which erupted in 2018, released 
various solid materials such as gravel and volcanic ash. 
The impact of this eruption has harmed humans and the 
environment. In addition to causing respiratory system 
disorders, if inhaled, volcanic ash can also cause 
increased turbidity in water and damage ecosystems. It 
needs extraordinary efforts to deal with volcanic ash in 
the short and long term [1]. The availability of volcanic 
ash that is large enough around the slope of Mount 
Merapi can be used as an adsorbent to purify wastewater. 
Volcanic ash contains large amounts of silica [2]. It is 
hoped that the abundant availability of volcanic ash in 
nature can be utilized properly and increase the practical 
value of volcanic ash. Previous studies have stated that 

the large silica content in volcanic ash can be used as an 
adsorbent [3] to reduce water pollution [4]. SiO2/ZnO 
nanocomposites are semiconductors that can be 
synthesized from volcanic ash and zinc waste. SiO2/ZnO 
nanocomposites can be used to degrade various wastes. 
The use of volcanic ash becoming SiO2/ZnO 
nanocomposites is intended to increase the use-value of 
volcanic ash and zinc waste into products with higher 
economic value. The nanocomposites obtained can be 
used for water purification. 

Semiconductor materials that are widely developed 
today are metal oxide semiconductor compounds. One of 
the metal-semiconductor materials is zinc oxide (ZnO). 
ZnO is a unique material that exhibits semiconductor, 
piezoelectric, and several pyroelectric properties. ZnO 
growth morphology has several groups, such as 
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nanocombs, nanorings, nanohelixes, nanowires, and 
nanocages. For applications, ZnO nanostructures have are 
very beneficial in optoelectronics, sensors, transducers, 
photocatalysts, and biomedical sciences as they are 
environmentally friendly materials. 

The sol-gel method is a method used to make solid 
material from nanoparticles or small molecules, which is 
mainly used for the fabrication of metal oxides such as 
silicon (Si) [5] and titanium (Ti) [6]. Several techniques or 
methods are used to synthesize nanocomposite 
photocatalyst materials, including the sol-gel method, 
grafting, and co-precipitation. The method used in this 
research is the sol-gel method. The process used a 
medium as a solution, which changed the phase into a sol 
and then formed a gel. The sol-gel method was used to 
synthesize Lithium Manganese Oxide Spinel (LiMn2O4) 
with a silicon series through the sol-gel process. XRD 
results showed that doped silicon samples could retain 
the spinel structure of LiMn2O4.LiMn2O4 [7]. In previous 
research, the sol-gel method has been chosen to 
synthesize composites since it was easy, effective, and 
efficient. The sol-gel method in previous studies has been 
applied to the synthesis of MgO-SiO2 composites based on 
rice husk silica [8], TiO2-kaolin composites [9], and 
titania-silica composites [10]. This method can be used to 
make SiO2/ZnO composites made from zinc waste and 
volcanic ash, where these composites can be used for 
water purification. 

2. Methodology 

The synthesis of SiO2/ZnO nanocomposites was 
carried out using the sol-gel method by reacting Zn(OH)2 
from zinc waste, K2SiO3 from volcanic ash from Mount 
Merapi, and HCl. 

2.1. Materials and equipment 

The raw materials are Mount Merapi volcanic ash 
taken directly from the village of Cangkringan, the Mbah 
Marijan bunker and the Gendol river flow, zinc waste for 
the lathe workshop, KOH (Merck), NaOH (Merck), HCl p.a. 
(Merck), H2SO4 pa (Merck), distilled water. The 
equipment for research was as follows: laboratory 
glassware, analytical balance (Mettler PE300), Oven 
(HERAEUS KR 170E), Sonicator (Elmasonic S 30 H), 
Furnace (Barnstead International Thermolyne), UV-Vis 
Spectrophotometer (SHIMADZU CORP. 80550), Fourier 
Transform Infrared/FTIR (SHIMADZU IR Prestige – 21), 
Scanning Electron Microscopy/SEM (Hitachi SU-70), X-
ray diffraction/XRD (Philip Analytical X-Ray B. V), 
Centrifuge (Hettich CBA 200), reflux and other 
supporting laboratory equipment. 

2.2. Preparation and Pre-Treatment of Raw Materials 

Before raw materials were used, they must be treated 
to remove impurities. The raw material for volcanic ash 
was washed and then left overnight and separated from 
other materials such as sand, soil, and rock. The ashes 
were sun-dried to dry. After it was clean and dry, the 
volcanic ash was sieved with a 100-mesh sieve and then 
heated at 110°C for 15 minutes. The zinc waste in powder 
from the lathe was washed with soapy water to remove 
greasy dirt. Then the clean zinc waste was dried in the sun 

to dry. The clean and dry zinc waste was then sieved for 
50 mesh. 

2.3. Transformation of Zinc Waste into Zn(OH)2 

20 mL of concentrated sulfuric acid was added to 10 
grams of waste zinc under gentle stirring with a stirring 
rod. The addition of concentrated sulfuric acid aims to 
dissolve zinc waste. The resulting filtrate was then re-
reacted with 100 mL 6N NaOH dropwise and stirred 
slowly. The reaction products were left for 24 hours. The 
results obtained from this process were Zn(OH)2 [11]]. 

2.4. Synthesis of Potassium Silicate (K2SiO3) 

Ten grams of volcanic ash was extracted using 4N 
KOH with a weight ratio of 1: 1. The mixture of volcanic ash 
and KOH was refluxed for 5 hours, then cooled, and the 
filtrate was filtered as potassium silicate (K2SiO3) [12]. 

2.5. Synthesis and Characterization 

25 mL of Zn(OH)2 were reacted with 25 mL of K2SiO3 
and 50 mL of 1 N HCl. The three reactants were added 
simultaneously, while sonication was carried out for 15 
minutes at 35°C. The pH of the reaction results was 
measured with a pH meter. The solution obtained was left 
to stand for 24 hours. Furthermore, the gel was 
neutralized with hot distilled water and then evaporated 
until dry. The dry gel obtained was calcined at 550°C in a 
furnace for 3 hours [13]. Furthermore, the gel in the form 
of powder was characterized using SEM, FTIR, and XRD. 

3. Results and Discussion 

3.1. Transformation of Zinc Waste into Zn(OH)2 

The transformation of zinc waste into ZnO was obtained, 
as shown in Figure 1.

 

Figure 1. Transformation of Zn(OH)2 solution from zinc 
waste with concentrated H2SO4 

Figure 1 shows a blackish gray solution, and if it is left 
for 24 hours, it will change the phase from the solution 
into a gel phase. These results are in accordance with 
research published by Agustina [14]. Other studies [15, 16, 
17, 18] also published using zinc acetate as a source of 
ZnO. The reactions that occur in the zinc waste 
transformation process are as follows: 

ZnX2 (s) + H2SO4 (l) → ZnSO4 (aq) + 2HX (aq) 
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ZnSO4 (s) + 2HX (aq) + 2NaOH (l) → Zn(OH)2 + H2O (l) + Na2SO4 
(l) + 2X-(l) 

Research by Ati et al. [11] became the reference for 
this study. The amount of Zn(OH)2 obtained from the 
transformation of zinc waste was 40% of the raw material 
used as zinc was only used as an anti-rust coating. 

3.2. Synthesis of Potassium Silicate (K2SiO3) 

The results of volcanic ash extraction are as shown in 
Figure 2. 

 

Figure 2. K2SiO3 solution from volcanic ash extraction 

The results of the volcanic ash extraction in Figure 2 
show a brown solution. This brown solution follows the 
research results obtained by Agung M. et al. [19] and Niu 
et al. [20]. The reactions that occur in volcanic ash 
extraction are as follows: 

SiO2 (s) + 2KOH (l) → K2SiO3 (aq) + H2O (l) 

The results of the extraction of volcanic ash to SiO2 
are under previously published studies [3, 12, 21]. The 
results of the volcanic ash extraction obtained SiO2 
content of 85% by weight. Compared with pure (analytical 
grade) K2SiO3 (Merck), the K2SiO3 results from volcanic 
ash extraction have a different shape. The K2SiO3 
extracted result is a brown colored solution, while the 
pure (analytical grade) K2SiO3 (Merck) produces a 
colorless solution. The color difference is due to the 
volcanic ash containing 18.59% ferrous oxide (Fe2O3), 
which is also extracted when reacted with KOH. Future 
research is expected to extract pure SiO2 in volcanic ash 
without impurities. 

3.3. Synthesis Nanocomposite SiO2/ZnO 

The SiO2/ZnO nanocomposite synthesis was carried 
out by reacting  K2SiO3 obtained from the volcanic ash 
extraction process with ZnO obtained from the 
transformation of zinc and HCl waste. After going 
through the sonication and calcination stages, the results 
were obtained, as shown in Figure 3. 

 

Figure 3. Synthesis result of SiO2/ZnO nanocomposites 

Figure 3 shows a fine powder with a brown color. This 
powder is a SiO2/ZnO nanocomposite. The color of the 
nanocomposites produced in this study is different from 
the results of previous studies, which was white [13, 17]. 
Impurities cause a color difference resulting in 
nanocomposites of the zinc waste. Zinc waste obtained 
from lathe workshops contains impurities as iron, which 
affects the resulting composite color. 

3.4. Characterization composite SiO2/ZnO 

The SiO2/ZnO composites from the synthesis of 
volcanic ash and zinc waste were then characterized using 
SEM, FTIR, and XRD analysis. The results of the 
characterization of SiO2/ZnO composites using SEM are 
shown in Figures 4. The characteristics of SiO2/ZnO 
nanocomposites can be seen in Figures 4. It can be seen 
that the uniformity of the crystals that make up a 
material. The morphology of the synthesis results has a 
variety of shapes in the form of a circle. The sol-gel 
method provides a fairly uniform size of uniformity [22]. 
In this study, the resulting composites ranged in size 
from 100-200 nm. These results are in line with research 
published by Mohamed and Aazam [18], which stated that 
the SiO2/ZnO nanocomposite synthesis has a size range of 
200-800 nm, and a 2015 study also stated that the 
SiO2/ZnO nanocomposite had a size of 200 nm [22]. 

a  

b.  

Figure 4. SEM images of SiO2/ZnO composites (a) size 
range 103-132 nm) (b) (size range 201.2 nm) 
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The results of FTIR analysis on SiO2/ZnO 
nanocomposite are shown in Figure 5. SiO2/ZnO 
nanocomposites have functional groups in the form of 
Zn-O and Si-O. FTIR test results showed silica in the 
nanocomposite as indicated by the appearance of SiO2 
spectra with wavenumbers of 993.34 cm-1 and 1109.07 cm-

1, while ZnO was at a wavenumber of 443.63 cm-1. Another 
published study states that the wavenumber is 1087.85 
cm-1 for the Si-O-Si group. The wavenumbers of 462.92 
cm-1, 570.93 cm-1; 617.22 cm-1 and 671.23 cm-1 show 
stretching vibrations of the Zn-O groups [23]. Other 
studies have also stated that a strong SiO2 spectrum 
indicates the presence of silica, including the symmetric 
bending of Si-O-Si at a wavenumber of 786 cm-1 and Si-
O-H at 956 cm-1. The asymmetric bending and stretching 
vibrations of Si-O-Si are at wavenumbers 1095 cm-1 and 
1211 cm-1 [23]. 

 

Figure 5. FTIR Spectra of synthesized SiO2/ZnO 
nanocomposites 

The XRD results of the SiO2/ZnO nanocomposites are 
shown in Figure 6(c). The results show that the peaks of 
SiO2/ZnO nanocomposites are 30.42°, 31.56°, and 44.40°. 
Figure 6(b) shows that pure ZnO has a peak at 2θ of 31.84°, 
34.52°, 36.38°, 47.64°, 56.7°, 63.06°, and 68.1°. While the 
pure silica material (Figure 6(a)) has no peaks. Based on 
the three diffractograms, the SiO2 / ZnO nanocomposite 
has different peaks from the constituent materials. The 
results of the XRD characterization indicated that the 
results of this study were similar to those of the previous 
study, namely the peak was obtained at 2θ for ZnO at 
31.97°; 34.63°; 36.46°; 47.77°; 56.80°; 63.06°; 68.12° and 
69.26°. The SiO2 peaks are at 28.82°, 32.84°, and 42.89° 
[13]. Another study stated that the 2θ peak in the SiO2/ZnO 
composite was 32.0°; 34.6°; 36.4°; 47.7°; 56.8° and 63.0° 
[24] 

 

Figure 6. XRD diffractogram of (a) SiO2/ZnO 
nanocomposites from volcanic ash and zinc waste (b) 

pure ZnO material [25] (c) pure silica material [26] 

4. Conclusion 

This study concluded that the SiO2/ZnO 
nanocomposite synthesized from volcanic ash and zinc 
waste has a uniform shape, a circle with a size range of 
100-200 nm. FTIR analysis results show that SiO is at 
wavenumbers of 993.34 and 1109.07 cm-1, while ZnO is at 
wavenumbers of 443.63 cm-1. The XRD diffractogram for 
SiO2/ZnO nanocomposites shows that the peaks were at 2θ 
of 30.42°, 31.56°, and 44.40°. 
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