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Article Info: Abstract

Sent: Functional group analysis of silica gel synthesized from river sand magnetic minerals
using the sol-gel method was conducted. River sand magnetic mineral samples were
taken from Sompang River, Lombok. The synthesis method used is a sol-gel method
with variation of HCl acid 10 M and NH4OH base 10 M. Morphological
characterization using a Scanning Electron Microscope (SEM) and mineral content
Accepted: analysis using Energy Dispersive X-ray (EDX). The morphology of the resulting silica
gel is granular, showing crystalline properties with a silica concentration of 77.99 £ 0.17
atomic per cent. Silica functional groups before absorption showed three stretching
Keywords: vibrations, namely OH group stretching vibrations in Si-OH and H20O at an absorption
wavelength of 3669.77 cm-1, Si-O stretching vibrations from siloxane (Si-O-Si) at an
absorption wavelength of 2858.51 ¢cm-1 and Si-O asymmetric stretching vibrations
from silanol (Si-OH) at an absorption wavelength of 962.88 cm-1. While the results of
the analysis of silica gel after absorption show that almost all samples have vibrational
absorption in the range of 400-500 cm-1. Other vibrational absorptions in silica samples
used as water filters indicate that the bonding between nano-silica as an absorber and

heavy metals is due to the magnetic properties of nano-silica
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INTRODUCTION

Lombok Island is one of the islands in the province of West Nusa Tenggara. Lombok Island
has many rivers. However, it has yet to be widely utilized by the surrounding community because
many rivers on the island of Lombok are polluted. Polluted water can interfere with human health in
everyday life [1]—[8].

The Government of the Republic of Indonesia also considers water pollution to be something
that needs attention. The Indonesian government issued a policy on water pollution through the
Regulation of the Minister of Health of the Republic of Indonesia (Permenkes RI) number 32 of 2017.
Based on Permenkes RI No 32 of 2017, it is explained that water is polluted if the water exceeds the
specified parameter threshold [9]—[11].

Water pollution parameters are divided into two, namely physical and chemical parameters.
Physical parameters include total dissolved solution (TDS), conductivity, acidity and temperature [10].
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Heavy metal content parameters include lead, manganese, iron, and copper. Significant manganese
content is usually caused by water contaminated with laundry soap. While the content of lead and
copper usually occurs in waters close to the dock. The high manganese and lead content near the dock
is caused by the paint of passing ships [11].

There are many ways to reduce heavy metal content in water, such as absorption, ion exchange
and precipitation. Absorption is the easiest method to reduce heavy metal content in water. Water
purification by absorption method requires absorbent material. Widely used absorbent materials are
iron and silica [1], [12].

Silica is a fascinating material as an absorption material because it can be synthesized from
natural materials such as bagasse [13], rice husk [14], [15], bamboo [16], glass powder [17] and iron
sand [1], [18], [19]. The application of nano-silica as an absorbent is an exciting study today due to its
economical nature [20].

The use of iron sand magnetic material has been explained in the Qut'an Surah Al-Hadid verse
25. The verse explains that Allah SWT sends iron to humans because iron can benefit humans. What
is meant by iron here is all forms of metal, including silica [21].

Many studies have been conducted on the synthesis of silica gel. Meiliyadi et al. have
synthesized silica gel based on river sand magnetic minerals to Bramantya et al. synthesized silica
aerogel from sea sand as an oil spill absorbent and produced nano-silica absorbents that can absorb
an average oil of 13.98 g per mass of silica aerogel [22]. Meiliyadi et al. successfully synthesized nano-
silica based on beach sand and river sand with varying concentrations of NH4OH. The results showed
that the concentration of NH4OH influenced the particle size of nano-silica. The greater the
concentration, the smaller the particle size [18].

However, there still needs to be research that analyzes the absorption method carried out by
silica on heavy metals. Therefore, it is necessary to research the formation of other functional groups
on silica gel after filtering using Fourier Transform Infrared (FTIR).

EXPERIMENTAL METHOD

This research was conducted at the Physics Laboratory of UIN Mataram. The nano-silica
synthesis method used in this study was the sol-gel method. Mineral magnetic beach sand was taken
from a distance of 2 m from the lip of the Sompang River, East Lombok [18]. In addition, the
materials used are HCI with a concentration of 10 M Physical Analysis (99%) from Sigma Aldrich.
NH4OH with a concentration of 10 M Physical Analysis (99%) and deionized water. The sampling
location is shown in Figure 1.

Location

Figure 1. Sampling location

Mineral magnetic river and beach sand are then dried in the sun for 2 days to dry A permanent
magnet separates mineral magnetic river sand and beach from impurities. Furthermore, washing is
done using distilled water 5 times and dried. After washing, the magnetic minerals of river sand and
beach sand are dried in an oven at 80 oC for 12 hours to remove the water content [24].

Purification of the river sand was carried out by immersing the sand in 1 litre of 10 M HCl
solution for 20 hours to reduce other metal oxides contained in the sand. SiO2 is not reactive with
HCI, so adding HCI will not reduce the SiO2 content in the sand but will reduce other metals. The
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sample is washed with distilled water until it reaches a neutral pH of 7. The samples were filtered with
filter paper and dried in an oven at 60 oC for 5 hours.

The next stage synthesises sodium silicate solution from 50 grams of purified sand. Sand
samples that have been purified with 300 mI. of NH4OH solution with a concentration variation of
10 M. The sample was heated using a hotplate magnetic stirrer with a temperature of 80 oC and a
rotating speed of 1200 rpm to accelerate the reaction of sodium silica formation and to reduce
precipitation. The sodium silica sample was filtered using filter paper to obtain a nano-silica gel
precursor. The samples were then evaporated at 100 oC for 2 hours.

The morphology and mineral content of silica gel were characterized using SEM-EDX type jeol
700. Analysis of physical parameter characteristics was carried out using TDSmeter type COM3000.
The chemical parameters (Pb and Mn metals) were analyzed using AAS-type Shimadzu AA-6200.

RESULT AND DISCUSSION

Characterization of the mineral content of silica gel using Energy Dispersive X-ray (EDX)
analysis. Most SEM tools are equipped with energy-dispersive x-ray (EDX) capabilities to determine
the chemical composition of the sample surface. The results of mineral content characterization using
EDX are shown in Table 1.

Table 1. Mineral content of silica gel using EDX

Element % atom
Na 3.57+0.09
Mg 1.35+0.05
Al 10.34+0.12
Si 77.99 £0.17
K 0.39+0.02
Ca 3.76 +0.08
Ti 0.70 +0.04
Fe 1.90+0.08

Table 1 shows that the 7M beach sand sample contains Na, Mg, Al, Si, K, Ca, and Fe elements.
The element that has the highest value of other elements contained in river sand samples is Silica (S1)
77.99 £ 0.17 %. EDX uses secondary electrons fired at the sample to determine the composition of
the mineral content in the sample. The data read in the form of intensity peaks on each element, as
shown in Figure 2.

Figure 2 shows the maximum intensities produced by each element due to the reflection of
secondary electrons in EDX. Based on Figure 1, silica produces the maximum intensity, followed by
oxygen. This indicates that the silica gel sample formed mainly consists of SiO2 material. The formed
siO2 material can be amorphous or crystalline. Usually, crystalline SiO2 can be seen from the
material's morphology in the form of grains [25]. Meanwhile, amorphous materials usually have a
morphology in the form of fibres. Therefore, it is necessary to analyze morphology using SEM. The
results of morphological analysis using SEM are shown in Figure 3.
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Figure 2. Maximum intensity of each element as a result of EDX analysis
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Figure 3. (a) morphology of silica gel using SEM with 2500 x magnification and (b) grain size
distribution of silica gel particles.

Figure 3 shows the results of the morphological analysis of silica gel using SEM. The
morphology of silica gel has formed in the form of granules. Morphology like this is a form of

morphology owned by crystals, mainly in small clumps of solid in the form of small corals.

Table 2. Water quality before and after filtration

Parameters Before After Differences
Physics Parameters

Total Dissolved 65715  601.71 55.44
Solvent (ppm)

Conductivity (US / cm) 326.88  299.35 27.53
Chemical Parameters

Pb (ppm) 0.0059  0.0047 0.0012
Mn (ppm) 0.0104  0.0091 0.0013

A scanning electron microscope (SEM) is a type of electron microscope that uses an electron
beam to describe the surface shape of the sample being analyzed. SEM has a higher resolution than
an optical microscope (OM). This is due to the de Broglie wavelength, which has shorter electrons
than the OM wave. Because the smaller the wavelength used, the higher the microscope's resolution.
SEM has a higher resolution than OM. The resolution that OM can produce is only 200 nm, while
the resolution that SEM can produce reaches 0.1 - 0.2 nm. The working principle of SEM is to image
the surface of an object or material with a beam of reflected electrons with high energy [19].
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Silica has absorption capabilities due to its magnetic properties. A magnet will attract magnetic
metals, such as copper, iron, lead and manganese. This is shown from the results of water quality
analysis before and after filtration, as shown in Table 2.

Table 2 shows the level of water quality before and after filtration using river sand-based silica
gel. Table 2 shows that the heavy metal content in the water will be reduced due to filtration. A
reduction in the TDS value and water conductivity will also follow this. The percentage reduction of
each parameter is shown in Figure 4.

25 T T T T ¥ T . !

Percentage of Differences (%)

TDS Conductivity Pb Content Mn Content

Parameters

Figure 4. Changes in the values of both physical and chemical parameters before and after filtration
using silica gel

Based on Figure 4, it can be seen that both physical parameters and chemical parameters have
decreased. The decrease in conductivity and TDS values is due to decreased heavy metal content in
the water after filtering. Metal is a material with good conductivity, so the smaller the heavy metal
content in water is, the smaller the conductivity value of water will also be [26], [27].

The reduced value of metal content in water is due to silica gel filtering. The magnetic
properties of silica gel result in a bond between silica and heavy metals absorbed during filtration.
This is evidenced by the functional group analysis, as shown in Figure 5.

Figure 5 (a) shows the functional groups of silica gel (a) before absorption and (b) after
absorption. Before absorption, it appears that there are 3 central bonds, namely OH group stretching
vibrations in Si-OH and H20O at an absorption wavelength of 3669.77 cm-1, Si-O stretching vibrations
from siloxane (Si-O-Si) at an absorption wavelength of 2858.51 cm-1 and Si-O asymmetric stretching
vibrations from silanol (Si-OH) at an absorption wavelength of 962.88 cm-1.

Figure 5 (b) shows that almost all samples have vibrational absorption in the 400-500 cm-1
range. Indicates the presence of other vibrations in nano silica samples used as water filters. Indicates
that the bond between nano-silica as an absorber and heavy metals is due to the magnetic properties
of nanosilica [28].
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Figure 5. Functional group analysis of silica gel (a) before absorption and (b) after absorption

CONCLUSION

Based on the study's results, silica gel based on river sand magnetic minerals has been
successfully synthesized using the sol-gel method. The resulting silica gel's morphology is granular,
showing crystalline properties with a silica concentration of 77.99 £ 0.17 atomic per cent. The
functional groups of silica before absorption showed three stretching vibrations, namely OH group
stretching vibrations in Si-OH and H2O at an absorption wavelength of 3669.77 cm-1, Si-O stretching
vibrations from siloxane (Si-O-S8i) at an absorption wavelength of 2858.51 cm-1 and Si-O asymmetric
stretching vibrations from silanol (Si-OH) at an absorption wavelength of 962.88 cm-1. The analysis
of silica gel after absorption shows that almost all samples have vibrational absorption in the 400-500
cm-1 range. Indicates the presence of other vibrations in nano-silica samples used as water filters.
Indicates that the bond between nano-silica as an absorber and heavy metals is due to the magnetic
properties of nanosilica.

ACKNOWLEDGE
Thanks to the Ministry of Religious Affairs of the Republic of Indonesia for funding this research
through the BOPTN LP2M fund of State Islamic University of Mataram in 2023.

Page | 39



KONSTAN, Vol 09, No. 01, June (2024), p. 34-41

REFERENCES

[1]

[12]

[13]

L. A. D. Meiliyadi, M. Wahyudi, K. Arizona, and Z. A. Zain, “Synthesis of Nanosilica Gel
Based on River Sand and Its Use as Water Treatment,” |. Mater. Environ. Sei., vol. 14, no. 11,
Pp- 12041213, 2023, [Online]. Available:
https://www.jmaterenvironsci.com/Document/vol14/vol14_N11/JMES-2023-14117-
Meiliyadi.pdf

Murraya, N. Taufig-Spj, and E. Supriyantini, “Content of Heavy Metal Iron (Fe) in Water,
Sediment, and Green Shellfish (Perna viridis) in Tanjung Emas Waters, Semarang,” Trop. Mar.
J., vol. 18, no. 1, pp. 133-140, 2015.

S. C. S. M. Hemachandra and B. G. N. Sewwandi, “Application of water pollution and heavy
metal pollution indices to evaluate the water quality in St. Sebastian Canal, Colombo, Sri
Lanka,”  Emviron. Nanotechnology, ~Monit.  Manag., vol. 20, p. 100790, 2023, doi:
10.1016/j.enmm.2023.100790.

D. Mridul, D. Parashar, M. S. Shuaibu, S. G. Abdullahi, S. Abubakar, and B. B. Bala, “Water
pollution: Effects on health and environment of Dala LGA, Nigeria,” Mater. Today Proc., no.
xxxx, 2020, doi: 10.1016/j.matpr.2020.10.496.

M. M. M. Syeed, M. S. Hossain, M. R. Karim, M. F. Uddin, M. Hasan, and R. H. Khan, “Surface
water quality profiling using the water quality index, pollution index and statistical methods: A
critical ~ review,”  Emviron.  Sustain.  Indic., vol. 18, p. 100247, 2023, doi:
10.1016/j.indic.2023.100247.

L. Zhu, Z. ]. B. M. Husny, N. A. Samsudin, H. Xu, and C. Han, “Deep learning method for
minimizing water pollution and air pollution in urban environment,” Urban Clim., vol. 49, p.
101486, 2023, doi: 10.1016/j.uclim.2023.101486.

L. Ho et al., “Impact of salinity gradient, water pollution and land use types on greenhouse gas
emissions from an urbanized estuary,” Ewnwviron. Pollut., vol. 135, p. 122500, 2023, doi:
10.1016/j.envpol.2023.122500.

M. K. Hasan, A. Shahriar, and K. U. Jim, “Water pollution in Bangladesh and its impact on
public health,” Heliyon, vol. 5, no. 8, p. 02145, 2019, doi: 10.1016/j.heliyon.2019.e02145.

A. Syuzita, L. A. D. Meiliyadi, and Bahtiar, “Tingkat Pencemaran Lindi Pada Air Tanah
Dangkal Di Sekitar TPA Kebon Kongok Menggunakan Parameter Fisika dan Kimia,” ]. Fis.
Fluxc ]. 1im. Fis. FMIPA Unip. Lambung Mangkurat, vol. 19, no. 2, pp. 126-134, 2022, doi:
10.20527 /flux.v19i2.13030.

L. A. D. Meiliyadi and A. Syuzita, “Sosialisasi Tingkat Pencemaran Air Sumur Berdasarkan
Parameter Fisika di Desa Telagawaru,” |. War. Desa, vol. 4, no. 1, pp. 27-33, 2022, doi:
10.2930/jwd.v4i1.173.

Nurhidayati, L. A. Didik, and A. Zohdi, “Identifikasi Pencemaran Logam Berat di Sekitar
Pelabuhan Lembar Menggunakan Analisa Parameter Fisika dan Kimia,” ]. Fis. Flux J. Iim. Fis.
FMIPA  Univ.  Lambung  Mangkurat, vol. 18, no. 2, pp. 139-148, 2021, dot:
10.20527 /flux.v18i2.9873.

F. Ningsih;, Fitrianingsih;, and L. A. Didik, “Analisis Pengaruh Lama Penggerusan terhadap
Resistivitas dan Konstanta Dielektrik pada Pasir Besi yang disintesis dari Kabupaten Bima,”
Indones. Phys. Rev., vol. 2, no. 3, pp. 92-98, 2019, doi: 10.29303/ipr.v2i3.31.

J. C. B. Moraes ¢t al., “New use of sugar cane straw ash in alkali-activated materials: A silica
source for the preparation of the alkaline activator,” Constr. Build. Mater., vol. 171, no. 5, pp.
611-621, 2018, doi: 10.1016/j.conbuildmat.2018.03.230.

X. Han, J. Liang, S. Fukuda, L.. Zhu, and S. Wang, “Sodium alginate—silica composite aerogels
from rice husk ash for efficient absorption of organic pollutants,” Biomass and Bioenergy, vol.
159, p. 106424, 2022, doi: 10.1016/j.biombioe.2022.106424.

A. Jyoti, R. K. Singh, N. Kumar, A. K. Aman, and M. Kar, “Synthesis and properties of
amorphous nanosilica from rice husk and its composites,” Mater. Sci. Enginering B, vol. 263, p.
114871, 2021, doi: 10.1016/j.mseb.2020.114781.

O. Olawale, “Bamboo leaves as an alternative source for silica in ceramics using Box Benhken
design,” Sci. African, vol. 8, p. e00418, 2020, doi: 10.1016/j.sciaf.2020.e00418.

Page | 40



Lalu Ahmad Didik Meiliyadi: Functional Group Analysis of Silica Gel Based on River Sand Magnetic Mineral as. ..

[17]

18]

[19]

[20]

21]

22]

23]

[24]

25]

[20]

Z. Asadi and R. Norouzbeigi, “Synthesis of colloidal nanosilica from wate glass powder as a
low cost precursor,” Ceram. Int., vol. 44, no. 18, 2018, doi: 10.1016/j.ceramint.2018.09.050.

L. A. D. Meiliyadi, M. Wahyudi, I. Damayanti, and A. Fudholi, “Morphological characteristics
and electrical properties analysis of silica based on river and coastal iron sand,” J. I/m. Pendidik.
Fis. Al-Biruni, vol. 11, no. 1, pp. 129-140, 2022, doi: 10.24042/jipfalbiruni.v11i1.12390.

L. A. Didik, E. Rahmawati, F. Robiandi, S. Rahayu, and D. J. D. H. Santjojo, “Penentuan
Ketebalan Lapisan Polistiren dan Zinc Phthalocyanine ( ZnPc ) dengan Modifikasi Persamaan
Sauerbrey dan Scanning Electron Microscope ( SEM ),” Nat. B, vol. 2, no. 4, pp. 331-335,
2014, doi: 10.21776/ub.natural-b.2014.002.04.6.

D. Nur’aeni, E. P. Hadisantoso, and D. Suhendar, “Adsorpsi ion logam Mn2+ dan Cu2+ oleh
silika gel dari abu ampas tebu,” a/~Kimiya, vol. 4, no. 2, pp. 70-80, 2017, doi:
10.15575/ak.v4i2.5087.

T. Sudiarti, G. G. A. Delilah, and R. Aziz, “Besi dalam Al-Qut’an dan Sains Kimia (Analisis
Teoritis dan Praktis Mengenai Besi dan Upaya Mengatasi Korosi pada Besi),” a/-Kimiya, vol. 5,
no. 1, pp. 7-16, 2018.

Bramantya, L. P. Yonando, M. Rifaldi, and R. Oktavian, “Sintesis dan Karakterisasi Silika
Aerogel Hidrofobik dan Oliofilik Dari Pasir Laut Sebagai Absorben Tumpahan Minyak,” J.
Tek. Kim. dan Lingkung., vol. 2, no. 2, pp. 49-54, 2018, doi: 10.25077/j£u.10.3.296-302.2021.
L. A. Didik and M. Wahyudi, “Analisa Kandungan Fe dan Karakteristik Sifat Listrik Pasir Besi
Pantai Telindung yang Disintesis Dengan Beberapa Metode,” Indones. Phys. Rev., vol. 3, no. 2,
pp. 64-71, 2020, doi: 10.29303 /i pr.v3i2.58.

M. A. Fitri, F. A. Syahriyah, and Y. T. Rahkadima, “Penggunaan Tanah Vertisol Sebagai Bahan
Baku Pembuatan Silika,” ]. Tek. Kim. dan Lingkung., vol. 5, no. 1, pp. 50-54, 2021.

L. A. Didik, “Analisa Efek Jahn Teller Terhadap Struktur Kristal Senyawa Delafossite AgCr1-
xNixO2 (0,01 = x = 0,04),” Indones. Phys. Rev., vol. 2, no. 2, pp. 49-56, 2019, dot:
https://doi.org/10.29303/1 pr.v2v2.22.

L. A. Didik, I. Safarwadi, and Muslimah, “Pengukuran Indeks Bias Larutan untuk Mengetahui
Kadar Gula dalam Tebu dengan Menggunakan Metode Difraksi Fraunhofer Celah Tunggal,”
KONSTAN-Jurnal  Fis. dan  Pendidik. Fis., vol. 6, no. 1, pp. 35-42, 2021, dot:
https://doi.org/10.20414 /konstan.v6i1.68.

L. A. Didik, “Pengukuran Konstanta Dielektrik untuk Mengetahui Konsentrasi Larutan Gula
dengan Menggunakan Metode Plat Sejajar,” |. Pendidik. Fis., vol. 8, no. 2, pp. 127-132, 2020,
doi: 10.24252/jpf.v8i2.11416.

L. A. Didik, “Pengukuran Kalor Jenis Material Menggunakan Modifikasi Persamaan Teorema
Stefann Boltzman,” Konstan, vol. 2, no. 2, pp. 47-50, 2017, [Online]. Available:
https://scholar.google.co.id/ citations?view_op=view_citation&hl=en&user=GVBItQwAA
AAJ&citation_for_view=GVBItQwAAAA]:u-x608ySGOsC

Page | 41



