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Silver crafts wastewater (SCW) typically contains environmentally harmful
heavy metals, including Ag, Cu, Mn, and Cr, necessitating treatment before
disposal. This study explores a promising solution using silica (SiO2)
adsorbents derived from snake fruit peel through acidic activation with HCI
concentrations of 2, 4, and 6 M. Qualitative analysis of the adsorbent
involved Fourier-transform infrared spectrometer (FTIR) and x-ray
fluorescence (XRF) techniques. XRF analysis revealed major compositions
of Si (26%) and CI (71.46%), with minor elements such as Ca (0.91%), P
(0.42%), K (0.37%), Fe (0.12%), and others. FTIR analysis indicated the
presence of siloxane (Si-O-Si) and silanol (Si-OH) on the adsorbent. The
SiO2 adsorbent demonstrated effectiveness in removing heavy metals (Ag,
Cu, Mn, and Cr) from SCW, achieving removal percentages of
approximately 16.96%, 24.38%, 19.34%, and 9.82%, respectively. This
research contributes to the development of an environmentally friendly
approach for SCW treatment using silica adsorbents derived from
agricultural waste.
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1. INTRODUCTION

Salak (Indonesian) or snake fruit is one of the local food commodities with quite a large production.
Data from the Central Statistics Agency (BPS) showed the amount of snake fruit production in Indonesian
reached 1,147,473 tons in 2022 [1]. Apart from being consumed directly, snake fruit can also be processed
into various interesting food products such as candied snake fruit, snake fruit dodol, snake fruit chips, snake
fruit pudding, and snake fruit brownies. Cultivated extensively for its economic value, snake fruit plants are
ubiquitous across Indonesia. The fruit, prized for its delectable flesh, presents a challenge due to the
substantial waste generated by its peel, which is inedible [2]. Hence, there is a pressing need for a solution to
address the issue of snake fruit waste.

Currently, some research on snake fruit peel waste (SFPW) reduction is available in the literature.
For instance, the SFPW can be reduced by a processing approach to produce valuable products such as
activated carbon catalysts, carbon-based filter material, and carbon adsorbent. In addition, the SFPW can also
be processed to produce a natural preservative of food products. However, so far, there is limited research
that is associated with the use of SFPW for producing a green silica adsorbent. In addition to carbon, it is
well known that snake fruit peel has also a high silica composition. Therefore, the use of SFPW for
producing green silica adsorbent becomes an interesting focus to be explored.
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The management and utilization of SFPW is one of the interesting topics because apart from being
able to reduce negative impacts on the environment, this effort also has added value from the waste. The
SFPW contains 72.45% carbon components [3], and silicon dioxide (silica, SiO2) which is quite high,
namely around 65-69% [4], so it has the potential to be used as a raw material to produce SiO2 adsorbents [5]
or SiO2 adsorbent. As reported in several research results. The SiO2 adsorbents can be used to reduce heavy
metal pollution in wastewater [6]. The efficiency of SiO2 adsorbent against the adsorption of heavy metals in
wastewater is quite good [7]. For instance, the SiO2 adsorbents can absorb the heavy metal of cadmium (Cd)
by 99%, nickel (Ni) by 50%, zinc (Zn) by 69%, and lead (Pb) by 99% [8]. In other research, SiO2-based
adsorbents also had an effective performance for the adsorption of heavy metals such as As (V) at 97.7%,
Hg (1) at 98.5%, Cr (I1) at 96.0%, Cd (1) at 96.9%, and Pb (I1) was 78.7% [8].

Wastewater originating from the steel industry process, catalysts, metal plating processes, mining,
and the batik industry produces wastewater that contains various types of heavy metals [10], [11]. The
presence of heavy metals in wastewater is very dangerous for the environment, humans, and other living
creatures. Heavy metals cannot undergo bio-degradation in the environment [12], [13], so appropriate
treatment strategies need to be implemented [14], [15]. Compared to chemical processes, physical treatment
is much easier, cheaper, and safer to apply in handling wastewater. One of the physical treatment processes is
the adsorption process, where this process involves the use of adsorbents that can absorb heavy metals
contained in wastewater.

Several methods can be used to treat hazardous waste, such as adsorption, electrodialysis,
coagulation, and reverse osmosis. The adsorption method is chosen for its affordability compared to the
above methods, its processing does not form sludge, and the adsorbent can be regenerated. Several studies
mentioned above show that the heavy metal contaminants in wastewater can be reduced by using an
adsorption method with adsorbents such as commercial silica, synthesized zeolite, and natural zeolite. Based
on these references, this study tries to investigate the feasibility of green silica adsorbent for adsorbing heavy
metals from the batik industry.

As explained above, silica adsorbents can be synthesized from waste such as snake fruit peel. This
research aims to synthesize an adsorbent from SFPW and evaluate its adsorption ability to absorb heavy
metals in silver crafts wastewater (SCW). Generally, the levels of heavy metals (i.e., Ag, Cu, Cr, and Mn)
produced by SCW are quite high. Therefore, apart from synthesizing the SiO2 adsorbents from SFPW, the
condition of SCW (before and after treatment) based on the metal content Ag, Cr, and Mn will also be
evaluated. Based on Government Regulation N0.82-2001 states that the permitted levels of heavy metals in
wastewater are only around 0.10-2.00 ppm.

2. RESEARCH METHOD
2.1. Materials and instruments

Materials such as distilled water, HCI 37%, and NaOH were purchased from the chemical shop in
Yogyakarta, Indonesia. SFPW and SCW were collected from the Griyo Olahan Salak Turi Sleman and the
Silver Industry in Kotagede, Yogyakarta Indonesia. Some equipment such as porcelain mortar, 100 mesh of
vibrating sieve, magnetic stirrer, Erlenmeyer, pH meter, oven, heating stove, filter paper (Whatman 42 um),
furnace, and thermometer. The instruments for characterization were Fourier transform infrared (FT-IR,
Shimadzu Prestige-21), gas sorption analyzer (GSA, NOVA 1200¢), SEM-EDX (JSM-6510LA), and atomic
absorption spectrometry (AAS, HITACHI Z2000).

2.2. Production of the silica (SiO2) adsorbent from snake fruit peel waste

The silica adsorbent was produced from SFPW by using a method as described in [16]. A total of
500 g of SFPW was cleaned and washed with clean water. After that, the SFPW is dried in the oven at
100 °C for 4 hours. Then, the dried SFPW is ground by using a blender until it becomes a powder with a size
of 100 mesh. Heat SFPW powder in a furnace for 60 minutes at 650 °C until SFPW turns into ash.
Subsequently, the 20 gr SFPW powder was added in three different concentrations of 2, 4, and 6 M HCI
solution and was stirred using a magnetic stirrer at a speed of 120 rpm for 4 hours. The stirring process was
carried out for 6 hours and then filtered using Whatman 42 pum filter paper. The SFPW powder residue was
then washed with distilled water until the filtrate pH was neutral (pH=7.0) and the precipitate was dried at
110 °C. Then, the SFPW powder was mixed with NaOH 6M solution, refluxed at 60 °C for 3 hours, and
filtered using 42 um Whatman filter paper. The filtrate was mixed with HCI 6M solution until a colloid was
formed and left for 24 hours. Lastly, the white precipitate was separated from the solution and washed with
distilled water until the filtrate pH was neutral (pH=7) and was dried in the oven at 110 °C for 2 hours. The
SFPW white powder silica was used for further experiments.
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2.3. Silver crafts wastewater adsorption procedure

1 gram of silica was mixed with 300 ml of SCW. The solution was stirred for 60 minutes at a
stirring speed of 100 rpm and left for 24 hours. The precipitate and filtrate were separated, and the precipitate
was dried at 100 °C for 2 hours. The residue was analyzed using SEM-EDX mapping to determine the
adsorbed metals, while the liquid was analyzed using AAS to determine the metal content after adsorption.

2.4. Characterization of the snake fruit peel waste adsorbent

The functional group in silica and the presence functional group from MS were observed and
analyzed using a Fourier-transform infrared spectrometer (FTIR) in combination with the KBr disc
technique, the sample used for analysis was 2-5 mg. The pore size using GSA, NOVA 1200e, and elemental
compositions were characterized by using (x-ray fluorescence (XRF) and Malvern analytical Epsilon 1),
respectively. The surface morphology silica after adsorption with scanning electron microscopy (SEM-EDX
JEOL JSM-65100), respectively.

2.5. Analyzation of heavy metals in the silver crafts wastewater

The composition of heavy metals in SCW before and after contact with the adsorbent was analyzed
by using AAS, HITACHI Z 2000. Morphology of silica after adsorption was characterized using a scanning
electron microscope (SEM-EDX). The composition of the main elements was used to evaluate the efficiency
of the SFPW adsorbent.

3. RESULTS AND DISCUSSION
3.1. Selection of snake fruit peel waste adsorbent

As mentioned above, the adsorbent from SFPW was produced through an acid-activated process
using three different concentrations of 2, 4, and 6 M HCI. The adsorbent yields of these processes were
obtained at 50.1, 62.7, and 75.1%, respectively. These results illustrate that the higher the acid concentration
causes the greater the adsorbent yield. It was well known that the strong acids can erode and remove the
organic material that coats and binds the SFPW powder so that the amount of silica produced will be greater.
However, further experiment was required to ensure the optimal concentration of HCI that produces the best
yield of silica.

The presence of silica (SiO2) in the residue and strong base (NaOH) causes a colloid formation
during the reflux process. The high amount of colloid formation indicates a fairly high silica composition.
The reaction for the formation of silica colloids during the reflux process is shown in (1), (2), and (3) [17].
Based on the adsorbent yields, the SFPW powder with an acid-activated process of 6M HCI has the highest
yield of 75%. Then, this SFPW powder was called SiO2 adsorbent and was used for further experiments.

Si0,(s) + 2NaOH - Na,Si0; (aq) + H,0 1)
Na,SiOs(aq) + 2HCl - SO,nH,0(s) + 2NaCl(l) 2
S0,nH,0(s) — Si0,(s) + nH,0 (1) (3)

3.2. Characterization of the snake fruit peel waste adsorbent using Fourier-transform infrared
spectrometer

The characteristic of the SFPW adsorbent was analyzed based on the functional groups contained in
the material. Figure 1 shows the FTIR spectra of three acid activation processes in making silica adsorbents
from SFPW. In general, the spectral shapes of the three samples have the same spectral patterns. Peaks
appear in four-wave number areas, namely at 700-800 cm, 1000-1250 cm, 1500-1750 cm®, and
3250-3500 cm™. The spectra of the adsorbent with 4 and 6 M HCI acid activation showed peaks at 793 and
798 cm™. The appearance of the peak in this area is caused by the symmetric stretching vibration of the Si-O-
Si functional group. This spectrum also shows the presence of silica groups in the adsorbent. Although the
SFPW adsorbent with 2 M acid activated was not shown the peak of symmetric stretching vibration of Si-O-
Si at 793 and 798 cm™, the peak of asymmetric stretching vibration of Si-O-Si appears in the wave number
region of 1106 cm. These facts indicate that the three adsorbents contain silica (SiOz) [18], [9], [20].

In addition, the appearance of peaks in the wavenumber areas of 1635 cm™ and 1639 cm indicates
the vibration of the silanol group (Si-OH). The presence of the Si-OH group indicates that the adsorbent
contains silica and water molecules. The Si-OH group is one of the active sites in the adsorption process. The
existence of the Si-OH group is also proven by the appearance of peaks in the wavenumber areas 3447 cm!
and 3471 cm. The FTIR spectra of the three types of adsorbents show that the samples contain silica. Thus,
SFPW adsorbent could be used as representative silica adsorbent to adsorb the heavy metals in SCW.
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Figure 1. FTIR spectrum of the SFPW adsorbents with three different acid concentrations of 2, 4, and 6 M
HCI

3.3. Type and composition of elements

Furthermore, the presence of elements in the adsorbent can be analyzed by using the XRF method. It
is well known that silica (SiO2) contains the elements silicon (Si) and oxygen (O), consequently, when the
x-rays are exposed to the adsorbent, the elements will fluoresce. Each element gives a different fluorescence
pattern depending on their type and composition in the sample. Generally, this XRF method can detect the
elements that have relatively high fluorescence energy (>1000 eV). Whereas, elements with low levels of
fluorescence energy such as O (fluorescence energy=538 eV) cannot be detected.

Table 1 shows the types and composition of the elements in the SFPW adsorbent. There were two
main elements, namely chlorine (CI) and Si, the composition of which were 71.46 and 26.59%, respectively.
The high composition of CI may be caused by the HCI acid activation process during SFPW adsorbent
production. The chlorine content in the SFPW adsorbent is much higher than that of silica sand (40%) [18].
The excessively high concentration of HCI also leads to increased viscosity, which binds with NaOH,
reducing the ion activity in the solution. As a result, the amount of bonds formed between NaOH and SiO; in
the SFPW cannot react. Whereas, the high composition of Si shows the SFPW adsorbent contains quite high
levels of silica. Parallel with the FTIR spectra, the XRF data also shows the presence of Si elements in the
SFPW adsorbent. In addition, the other elements such as calcium (Ca), phosphorus (P), potassium (K), iron
(Fe), zinc (Zn), chrome (Cr), silver (Ag), and rhenium (Re) were present in very low compositions. The
composition of minor elements was observed in the range of 0.005-0.91%. It is well known that the presence
of minor elements in a high composition might reduce the performance of adsorbent due to them acting as
impurities. Fortunately, this work shows that the total amount of minor elements in the sample was observed
in low composition (less than 2.0%). These results indicated that the purity of the SFPW adsorbent was quite
good.

Table 1. Type and composition of elements in the SFPW powder
Elements  Composition (%)

Cl 71.46
Si 26.59
Ca 0.91

P 0.42
K 0.37
Fe 0.12
Ag 0.09937
Zn 0.06044
Cr 0.00660
Re 0.00461
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3.4. Surface morphology of the snake fruit peel waste adsorbent

The morphology and composition of elements on the surface of the SFPW adsorbent can be
analyzed using SEM-EDX. In this research, the image magnification obtained was 5000 times with an energy
of 15 kV. In detail, the SEM image of the SFPW adsorbent before and after contact with SCW is shown in
Figure 2. Figure 2(a) shows the surface morphology of the adsorbent before being applied with SCW. The
surface microscopic structure was still relatively clean and this indicates that silica can be used as an
adsorbent. Meanwhile, Figure 2(b) shows the surface structure of the adsorbent coated with Ag, Mn, and Cr
metal after being contacted with SCW. The presence of Ag, Mn, and Cr metals is indicated by blue, green,
and red color mapping.

The presence of Ag, Mn, and Cr metals on the surface of SFPW adsorbent indicates the ability of
silica to adsorb heavy metals in wastewater. Consistent with the research conducted by [8]-[9], [19] in which
the heavy metals in wastewater could be reduced by silica adsorbent. This result described that the
performance of the SFPW adsorbent was relatively good. This fact might be due to the purity of SFPW being
relatively high (see Table 1). However, expanded research must be conducted in the future so the
performance of SFPW adsorbent is much better. Increased purity and Si composition in SFPW adsorbent
were the important approaches to explore.

’."A- -
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Figure 2. SEM image of the adsorbent surface (a) before and (b) after contact with SCW
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3.5. Surface area and pore of the snake fruit peel waste adsorbent

Based on the GSA analysis, it was found that the surface area of silica was around 56.35 m?/g.
Whereas, the pore volume was around 1.93x10* cc/g with a pore diameter of around 26.67 mm. Based on
several references, it is stated that a good silica adsorbent has a surface area of around 300-1164 m?/g [21],
[22], and [23]. The larger the surface area of the adsorbent, the better the adsorption process. In terms of
surface area, the SFPW powder was less suitable for adsorbent material [24]. The total pore volume describes
the adsorption and storage capacity of an adsorbent on heavy metal components. Even though the pore
diameter was quite large, the total pore volume was quite small so the adsorption and storage capacity of the
adsorbent was low [25]. As mentioned above, the performance of SFPW adsorbents is affected by their
purity. Therefore, the increased purity and pore size might increase the adsorption and storage capacity of the
adsorbent.

3.6. Silver crafts wastewater heavy metals removal

The composition of heavy metals such as Ag, Cu, Mn, and Cr in SCW samples was analyzed using
the AAS method. The characteristics of the SCW samples before and after the adsorption process are shown
in Table 2. The efficiency of the adsorbent in adsorbing heavy metals was obtained around 9.82-24.38%.
Based on the removal percentage, the SFPW adsorbent shows the best performance to adsorb Ag metal
compared to other heavy metals. This phenomenon may be attributed to the presence of -OH groups in the
silanol (Si-OH) on the adsorbent, which act as ligands capable of donating a pair of free electrons to the
empty s-orbitals of Ag. Additionally, it is likely influenced by numerous active sites on the adsorbent surface,
thus optimizing the adsorption capacity of Ag metal. According to some references, the SFPW adsorbent has
a good performance in adsorbing various types of heavy metals such as Cr (111) [9], Cu (1) [16], and Pb [26].
In addition to the Cr, Cu, and Pb, the SPWF adsorbent can also adsorb the metals Ag and Mn (see Table 2).
Overall, the performance of SFPW adsorbent to adsorb Ag, Mn, and Cr was relatively low compared to the
references. This fact might be due to the purity and pore size of SFPW adsorbents being relatively low.
Nevertheless, this work successfully synthesized the green silica adsorbent from SFPW by using a simple and
inexpensive method. Interestingly, this work successfully converted the SFPW to a valuable material.

Table 2. Characterization of SCW before and after contact with adsorbent
Composition (mg/L)

Type of heavy metals in SCW Removal (%)

Before After
Cl 122.95+2.05 102.10+4.65 16.96
Ag 0.34+0.09 0.25+0.02 24.38
Mn 0.47+0.01 0.38+0.02 19.34
Cr 0.95+0.04 0.86+0.06 9.82

4. CONCLUSION

This research successfully synthesized the silica adsorbents (SiO2) from SFPW through the HCI acid
activation and reflux process. In addition to major elements of Si and CI, minor elements such as Cl, K, and
Ca, P, were observed on the SFPW powder. The presence of Si-O-Si and silanol Si-OH functional groups
emphasizes the presence of silica elements in the SFPW powder. The SiO; adsorbent from the SFPW could
reduce the levels of heavy metals of Cu, Ag, Mn, and Cr in SCW by around 16.96, 24.38, 19.34, and 9.82%,
respectively. This result indicated that the SiO, adsorbent has a good performance in reducing some heavy
metals in SCW. The feasibility of SFPW to adsorb some heavy metals from wastewater was quite good. This
research can be considered an interesting approach to solving the SFPW issue at the same time producing
valuable materials.

ACKNOWLEDGEMENTS
The authors would like to express the deepest gratitude to the LPPM UAD for the financial support
under the scheme of Basic Research (PD) grant with contract number 192/SP3/LPPM-UAD/VI111/2023

REFERENCES

[1] R. Dhanker et al., “Recovery of silver nanoparticles and management of food wastes: Obstacles and opportunities,”
Environmental Advances, vol. 9, pp. 1-16, Oct. 2022, doi: 10.1016/j.envadv.2022.100303.

[2] E. Girsang et al., “Chemical constituents of snake fruit (Salacca zalacca (Gaert.) VVoss) peel and in silico anti-aging analysis,”
Molecular and Cellular Biomedical Sciences, vol. 3, no. 2, p. 122, Sep. 2019, doi: 10.21705/mcbs.v3i2.80.

Int J Adv Appl Sci, Vol. 13, No. 2, June 2024: 459-466



Int J Adv Appl Sci ISSN: 2252-8814 a 465

B3]
[4]

[5]

[6]

[71
(8]

[9]
[10]
[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

D. A. Triawan, S. S. Yudha, and A. Falahudin, “Electron microscope and diffraction study of snake fruit (salacca zalacca (gaert.)
voss) peels,” Journal of Physics: Conference Series, p. 012038, Jun. 2021, doi: 10.1088/1742-6596/1940/1/012038.

A. Brunerova, U. Hasanudin, D. A. Iryani, and D. Herak, “Analysis of tropical fruit waste biomass generation in Indonesia and its
reuse potential,” in Proceedings of the International Conference on Sustainable Biomass (ICSB 2019), 2021. doi:
10.2991/aer k.210603.027.

M. Hasanah, A. Wijaya, F. S. Arsyad, R. Mohadi, and A. Lesbani, “Preparation of hydrochar from salacca zalacca peels by
hydrothermal carbonization: study of adsorption on congo red dyes and regeneration ability,” Science and Technology Indonesia,
vol. 7, no. 3, pp. 372-378, 2022, doi: 10.26554/sti.2022.7.3.372-378.

F. O. Afolabi, P. Musonge, and B. F. Bakare, “Bio-sorption of a bi-solute system of copper and lead ions onto banana peels:
characterization and optimization,” Journal of Environmental Health Science and Engineering, vol. 19, no. 1, pp. 613-624, Jun.
2021, doi: 10.1007/s40201-021-00632-X.

F. Di Natale, V. Gargiulo, and M. Alf¢, “Adsorption of heavy metals on silica-supported hydrophilic carbonaceous nanoparticles
(SHNPs),” Journal of Hazardous Materials, vol. 393, p. 122374, Jul. 2020, doi: 10.1016/j.jhazmat.2020.122374.

M. Olteanu, A. Baraitaru, A. M. Panait, D. Dumitru, M. Boboc, and G. Deak, “Advanced SiO2 composite materials for heavy
metal removal from wastewater,” Water, Air, and Soil Pollution, vol. 230, no. 8, p. 179, Aug. 2019, doi: 10.1007/s11270-019-
4225-7.

Y. Fei and Y. H. Hu, “Design, synthesis, and performance of adsorbents for heavy metal removal from wastewater: a review,”
Journal of Materials Chemistry A, vol. 10, no. 3, pp. 1047-1085, 2022, doi: 10.1039/d1ta06612a.

A. Juliani, S. Rahmawati, and M. Yoneda, “Heavy metal characteristics of wastewater from batik industry in Yogyakarta Area,
Indonesia,” International Journal of GEOMATE, vol. 20, no. 80, pp. 59-67, Apr. 2021, doi: 10.21660/2021.80.6271.

K. Oginawati et al., “Investigation of dermal exposure to heavy metals (Cu, Zn, Ni, Al, Fe and Pb) in traditional batik industry
workers,” Heliyon, vol. 8, no. 2, p. e08914, Feh. 2022, doi: 10.1016/j.heliyon.2022.e08914.

P. B. Tchounwou, C. G. Yedjou, A. K. Patlolla, and D. J. Sutton, Molecular, clinical and environmental toxicicology Volume 3:
Environmental Toxicology, vol. 101. in Experientia Supplementum, vol. 101. Basel: Springer Basel, 2012. doi: 10.1007/978-3-
7643-8340-4.

T. E. Suharto and S. Salamah, “Removal of lead and iron in leachate wastewater of the TPST Piyungan by activated natural
zeolite,” Elkawnie, vol. 9, no. 2, pp. 218-230, Dec. 2023, doi: 10.22373/ekw.v9i2.16988.

M. J. Gonzalez-Mufioz, M. A. Rodriguez, S. Luque, and J. R. Alvarez, “Recovery of heavy metals from metal industry waste
waters by chemical precipitation and nanofiltration,” Desalination, vol. 200, no. 1-3, pp. 742-744, Nov. 2006, doi:
10.1016/j.desal.2006.03.498.

M. Musfirah and A. F. Rangkuti, “The lead exposure risk due to wells water consumption in code riverside community,
Yogyakarta City,” Jurnal Kesehatan Masyarakat, vol. 14, no. 3, pp. 318-325, May 2019, doi: 10.15294/kemas.v14i3.11739.

G. Purwiandono and S. Ibrahim, “Adsorption of Cu(Il) Metal Using Salacca’s Pell Activated by HNO3,” Indonesian Journal of
Chemical Research, pp. 1-7, 2022.

S. Salamah and E. T. Wahyuni, “The characterization of Merapi volcanic ash as adsorbent for dyes removal from batik
wastewater,” IOP Conference Series: Materials Science and Engineering, vol. 403, no. 1, pp. 1-8, Oct. 2018, doi: 10.1088/1757-
899X/403/1/012007.

S. Salamah and S. Suhendra, “Effective treatment of industrial wastewater contaminated with Mn and Pb using Mesoporous Silica
from Yogyakarta Beach,” CHEMICA: Jurnal Teknik Kimia, vol. 8, no. 2, p. 80, 2022, doi: 10.26555/chemica.v8i2.21952.

M. Ahmed, M. Elektorowicz, and S. W. Hasan, “GO, SiO 2 , and SnO 2 nanomaterials as highly efficient adsorbents for Zn 2+
from industrial wastewater—A second stage treatment to electrically enhanced membrane bioreactor,” Journal of Water Process
Engineering, vol. 31, p. 100815, Oct. 2019, doi: 10.1016/j.jwpe.2019.100815.

S. N. Ishmah, M. D. Permana, M. L. Firdaus, and D. R. Eddy, “Extraction of silica from Bengkulu Beach sand using alkali fusion
method,” PENDIPA Journal of Science Education, vol. 4, no. 2, pp. 1-5, Jun. 2020, doi: 10.33369/pendipa.4.2.1-5.

A. A. Christy, “Quantitative determination of surface area of silica gel particles by near infrared spectroscopy and chemometrics,”
Colloids and Surfaces A: Physicochemical and Engineering Aspects, vol. 322, no. 1-3, pp. 248-252, Jun. 2008, doi:
10.1016/j.colsurfa.2008.03.021.

D. Dhaneswara, J. F. Fatriansyah, F. W. Situmorang, and A. N. Haqoh, “Synthesis of amorphous silica from rice husk ash:
comparing HCI and CH3COOH acidification methods and various alkaline concentrations,” International Journal of Technology,
vol. 11, no. 1, pp. 200-208, Jan. 2020, doi: 10.14716/ijtech.v11i1.3335.

P. Hao, Y. Shi, S. Li, X. Zhu, and N. Cai, “Adsorbent characteristic regulation and performance optimization for pressure swing
adsorption via temperature elevation,” Energy and Fuels, vol. 33, no. 3, pp. 1767-1773, Mar. 2019, doi:
10.1021/acs.energyfuels.8p02829.

S. Tamjidi, B. K. Moghadas, H. Esmaeili, F. Shakerian Khoo, G. Gholami, and M. Ghasemi, “Improving the surface properties of
adsorbents by surfactants and their role in the removal of toxic metals from wastewater: A review study,” Process Safety and
Environmental Protection, vol. 148, pp. 775-795, Apr. 2021, doi: 10.1016/j.psep.2021.02.003.

N. A. A. Qasem, R. H. Mohammed, and D. U. Lawal, “Removal of heavy metal ions from wastewater: a comprehensive and
critical review,” npj Clean Water, vol. 4, no. 1, p. 36, Jul. 2021, doi: 10.1038/s41545-021-00127-0.

M. Anugrahwati, F. Indah Fajarwati, and R. Awalin Safitri, “Adsorption of Pb(Il) from water with activated carbon from salak
pondoh peel: kinetics and adsorption isotherms (in Indonesian: Adsorpsi Pb(ll) dari air dengan karbon aktif dari kulit salak
pondoh: kinetika dan isoterm adsorbsi),” Indonesian Journal of Chemical Research, pp. 1-11, Aug. 2021, doi:
10.20885/ijcr.vol6.issl.artl.

Performance of the silica adsorbent from snake fruit peel for removing heavy metals of ... (Siti Salamah)



466 a ISSN: 2252-8814

BIOGRAPHIES OF AUTHORS

Siti Salamah g 12 is an Associate Professor of Material at the Department Of
Chemical Engineering Faculty of Industrial Technology Universitas Ahmad Dahlan (UAD)
Yogyakarta. She has a Master's Degree in Chemistry from Frome Gadjah Mada University,
her research interests are synthesis materials for catalysts and adsorbents. She can be contacted
at email: sitisalamah@che.uad.ac.id.

Ibdal Satar © B4 12 Since early 2020, Ibdal Satar has been active as a Lecturer and
Researcher in the Department of Food Technology, Faculty of Industrial Technology
Universitas Ahmad Dahlan (UAD) Yogyakarta. He received a Ph.D. degree in Fuel Cell
Engineering, from Universiti Kebangsaan Malaysia. During his Ph.D. journey, he received a
scholarship and a research grant from UKM via the CRIM research center. His expertise is
related to biodiesel production, biohydrogen generation from organic waste, food waste
treatment, and food technology. He has some papers that have been published in The Indexed
National and International Journal. Currently, He received a research grant from the
Indonesian Government through the HIBAH DIKTI and he made a research group that
conducted waste to energy and waste to produce. He can be contacted at email:
ibdalsatar@gmail.com; ibdal@tp.uad.ac.id.

Int J Adv Appl Sci, Vol. 13, No. 2, June 2024: 459-466


https://orcid.org/0000-0003-2982-6968
https://scholar.google.com/citations?hl=id&user=GVI3BRAAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57189076446
https://www.webofscience.com/wos/author/record/32215693
https://orcid.org/0000-0003-2721-2575
https://scholar.google.com/citations?hl=id&user=X1tQ8ygAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56488117200
https://www.webofscience.com/wos/author/record/477165

