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Abstract 
 
The practice of coal mining has been demonstrated to exert a detrimental impact on the 
surrounding environment, particularly through the formation of acid mine drainage 
(AMD) ponds, which have the potential to pollute water sources. The reclamation of AMD 
is necessary to treat wastewater to ensure its safety for discharge into the environment 
and subsequent use as clean water. This study aims to treat AMD by comparing 
ultrafiltration (UF) and pervaporation (PV) processes utilizing silica-pectin multichannel 
membranes. The membranes were fabricated by coating silica-pectin sol on an inner 
surface of multichannel tubular support. The UF process was conducted under various 
pressures (1-3 bar), while the PV process was tested at various feed temperatures. Both 
permeate were collected and analyzed using several parameters (pH, Mn, and 
conductivity). The results showed that the UF process is more effective in collecting 
permeate flux over 136.6 L.h-1.m-2 at 3 bar pressure. Meanwhile, PV performs high 
permeate quality with Mn and conductivity rejection of 99.9 and 96.5%, respectively. Both 
UF and PV processes exhibit slightly increasing permeate pH with a range of 4.5-5.6. It 
concluded that multichannel silica-pectin membranes successfully reclamation AMD to 
enhance water quality. In addition, the UF process is more affordable for recycling AMD 
with high permeate flux, pretty good Mn, and conductivity rejection of over 95%. 
 

 

Copyright: © 2024 by the authors. This is an open-access article distributed under the 
terms of the Creative Commons Attribution-NonCommercial 4.0 International License. 
(https://creativecommons.org/licenses/by-nc/4.0/) 

1. Introduction 

Acid mine drainage (AMD) is regarded as a significant 
water contaminant in numerous locations where mining 
activities have occurred, historically or in the present [1, 
2]. AMD's generation, release, mobility, and attenuation 

are complex processes governed by a combination of 
physical, chemical, and biological factors [3, 4]. In general, 
AMD is produced by the oxidative dissolution of sulfide 
minerals [5]. After generation, it is very difficult, 
expensive, and time-consuming to suspend and/or 
control AMD-based contamination of surface and 
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Table 1. Initial characteristics of AMD. 

Parameter Initial Characterization Units 
Wastewater quality standards 

(Regulation Minister of Environment of Republic Indonesia  
No. 5 Year 2014) 

pH 3.30 - 6-9 
Mn 9.46 mg/L 5 

Conductivity 1270 μS/cm - 
 
groundwater, particularly for abandoned mined land [6]. 
The low levels of pH and high concentration of metals and 
metalloids (copper, gadolinium, lithium, etc.) in mining 
pits with standing water lead to changing the balance of 
surrounding organisms and ecosystems [7].  

There are several ways to treat AMD, such as the 
adsorption process, ion exchange, chemical precipitation 
process, process of electrochemical, phytoremediation 
process, and membrane filtration. The benefits of 
the membrane filtration technique, which include 
operation at room temperature, low energy 
consumption, simple operation processes, high 
efficiency, and small investment [8–12], have invited 
more consideration than other treatment techniques 
used to purify AMD [13].  Several process methods using 
membrane technology are quite commonly used in the 
water treatment process, including ultrafiltration and 
pervaporation processes. The ultrafiltration process 
separates components or substances using membrane 
technology based on the size of molecules and 
membrane pores influenced by pressure differences, 
where the components filtered during the process are a 
function of the size and structure of the dissolved 
components [14]. At the same time, pervaporation is a 
method of desalination of solutions using the principle of 
phase change to separate between water molecules and 
salt molecules in a vacuum atmosphere involving semi-
permeable membranes selective to water and salt [15–
19]. 

This study uses multichannel silica-pectin membranes 
because of several performance advantages. 
Multichannel membranes have more than one channel, 
which will increase the surface area of the membrane 
and result in higher flux than single-channel membranes 
[20–22]. This study also uses a silica-pectin thin film, 
in which silica has hydrophilic properties towards the 
water; it is necessary to add organic materials such as 
pectin to increase membrane stability [23–27]. Silica and 
organic materials such as pectin have been reported to 
have good hydrostability [28–30]. Pectin substances are 
polymeric compounds that bind water, form gels, or 
thicken liquids in membranes. One of several types of 
pectin is banana pectin, which is a natural carbon [26, 31]. 

Besides being easily available, pectin from banana peel 
waste is also more environmentally friendly than 
synthetic carbon and has stabilizing, thickening, and 
gelling capabilities [32]. 

This multichannel membrane's performance will be 
compared using ultrafiltration and pervaporation 
processes. Both processes have contrasting advantages 
and disadvantages. The ultrafiltration process tends to 
produce higher flux values, while the pervaporation 
process tends to produce lower fluxes with better 
filtration of substances. This study aims to compare the 
performance of ultrafiltration and pervaporation 
processes for AMD reclamation using silica-pectin 
multichannel membranes in reducing pH, conductivity, 
and Mn values. 

2. Materials and Methods 

2.1. Chemicals and Materials 

Chemicals and materials were used for silica-pectin 
membrane fabrication, such as tetraethyl orthosilicate 
(TEOS) 99% (Sigma-Aldrich), pectin from apple (Sigma-
Aldrich), ethanol 97%, aqua dest, nitric acid (HNO3) 0.0008 
M (Merck) diluted aqua dest, ammonia (NH3) 0.0003 M 
(Merck) diluted ethanol, glycerol 85% (Merck), tubular 
membrane support Al2O3 (Ceramic Oxide Fabricators, 
Australia), with a length of 50 mm and outside diameter 
of 8 mm, AMD as the feed solution, and liquid nitrogen. 

2.2. AMD Characterization 

AMD was used as feed water in a coal mining pond in 
South Kalimantan, Indonesia. The parameters tested 
followed the quality standards of the Minister of 
Environment Decree No. 113 of 2003 concerning Quality 
Standards for AMD. 

Table 1 summarizes the characteristics of AMD that was 
used as feed water in this work. The initial pH of AMD is 
extremely low, about 3.30, which does not meet the 
standard of clean water quality according to regulation of 
Minister of Environment, Indonesia No 5/2014. In 
addition, the Mn parameter exceeds the quality standard, 
which is up to 9.5 mg/L. Therefore, AMD water is required 
to be treated in order not to pollute the environment.  
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Figure 1. Illustration of ultrafiltration set-up. 

 

Figure 2. Schematic of pervaporation equipment. 

2.3. Preparation of Silica-Pectin Sol 

The silica-pectin sol synthesis procedure was detailed in 
our previous work [33]; in the first step, TEOS was 
dropped into the ethanol whilst stirring the solution for 5 
min at a temperature of 0 °C. HNO3 then added to the 
solution and refluxed for 1 h at 50 °C. This process was 
followed by adding NH3, and the solution was stirred for 
another 2 h under the same conditions. The pH of the 
final sols was checked (pH 6). Pectin (0.1 wt%) was 
dissolved into 5 ml of glycerol whilst stirring at 360 rpm 
for 45 minutes at 40 °C. This mixture was added to the 
pure silica sol and stirred at 360 rpm for 45 minutes at 0 
°C. The sol was dried in an oven at 60 °C to produce 
xerogels. After that, the xerogels were calcined in air at 
300 °C. The initial molar ratios of silica–pectin–TEOS: 
EtOH : HNO3: H2O : NH3: pectin were calculated to be 1:38: 
0.0008: 5 : 0.0003: 0.000026. 

2.4. Fabrication and Characterization of Silica-pectin 
Multichannel Inner-coating Membrane 

Silica-pectin sol was coated into the inner surface of the 
multichannel tubular alumina support for 2 minutes of 
immersion time. Afterward, the membrane was calcined 
at 300 °C for an hour using a vacuum furnace's RTP (rapid 
thermal processing) method. This process was repeated 
up to 4 times to obtain four layers. The membranes were 
characterized using FTIR spectrophotometry analysis, 
and the morphology structure was determined using a 
scanning electron microscope (SEM).  

2.5. Ultrafiltration Performance of Silica-pectin 
Multichannel Membrane for AMD Reclamation 

The performance of silica-pectin multichannel 
membranes was tested for AMD water reclamation via UF 
and PV processes.  The multichannel silica-pectin 
membrane was placed into the tubular UF module and 
tested under a cross-flow system at room temperature. 
Figure 1 shows a schematic of the ultrafiltration set-up, 
which consists of the feed water tank, pump, permeate 
tank and measurer, ultrafiltration module, and valve. 
Using water hoses, the UF module was connected to 
the pump and feed water tank. AMD as feed water was 
placed into a beaker glass and connected to the pump 
and UF module. The UF pressure was adjusted with a 
varied range of 1-3 bar. The permate was collected and 
measured every 5 minutes for 30 minutes of operation 
time. The permeate was measured for parameter pH. 

2.6. Pervaporation Performance of Silica-pectin 
Multichannel Membrane for AMD Reclamation 

The performance of silica-pectin multichannel 
membrane for AMD reclamation was conducted using 
pervaporation set-up as illustrated in Figure 2. The 
operation membrane system was set to dead-end. The 
silica-pectin multichannel membrane was immersed into 
a glass beaker containing AMD as feed water. A hot plate 
heated the feed water at 25-60 °C temperatures. The 
multichannel membrane was connected to a hose from a 
vacuum pump with the permeate flow accommodated in 
a cold trap immersed in a container containing liquid 
nitrogen. The pervaporation process was carried out for 
20 minutes with a repetition of 3 times, and then the cold 
trap containing the permeate was collected and 
measured for several parameters, i.e., pH, conductivity, 
and Mn. 

2.7. Flux and Rejection Calculation 

The permeate flux (F) calculation is based on the 
permeate water flow rate in the filtration process using 
Equation 1. F is Flux (L.h-1.m-2), V is the permeate volume 
(L), A is the membrane surface area (m2), and t is Time 
(hour). 

𝐹 =
𝑉

(𝐴 × 𝑡)
 (1) 

Rejection of contaminant is measured using Equation 2, 
in which R is rejection (%), Cf and Cp stand for feed 
concentration and permeate concentration (mg/L), 
respectively.  

𝑅(%) =
(𝐶𝑓 − 𝐶𝑝)

𝐶𝑓
× 100 (2) 
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Figure 3. FTIR spectra of silica-pectin multichannel membrane. 

 

Figure 4. Membrane morphology using SEM analysis: a) cross 
section b) surface area. 

 

Figure 5. Permeate flux of AMD reclamation by ultrafiltration 
process under various operation pressure. 

3. Results and Discussion 

3.1. Characteristic and Morphology Structure of 
Multichannel Silica-Pectin Membranes 

The chemical functional group silica-pectin multichannel 
membranes were characterized using FTIR spectra with a 
wavelength range of 600-1400 cm-1. FTIR analysis 
characterizes the functional groups or chemical groups of 
the silica-pectin membrane. The graph of FTIR test results 

can be seen in Figure 3. It can be seen that the spectra 
length starts from 600-1400 cm-1. The graph shows the 
chemical structure of siloxane (Si-O-Si) at wavelengths 
1040 cm-1 and 796 cm-1. Then, the silanol structure (Si-OH) 
is found at a wavelength of 930 cm-1. Then there is a 
carbon structure at a wavelength of 796 cm-1. 

Silanol and siloxane are related to the pore size of the 
resulting membrane. The presence of silanol and 
siloxane content in the membrane has the ability to 
regulate membrane pores to be larger or smaller. The 
silanol content in the membrane tends to produce 
smaller pore sizes, also known as micropores. 
Meanwhile, siloxane forms will produce larger pores. 
Carbon plays a role in strengthening the silica matrix on 
the membrane [34]. 

In Figure 4a, the morphology of the multichannel 
membrane with a scale of 5 µm cross-section does not 
show any damage or cracks in the membrane. There is 
also a difference in pore size on the outer and inner 
surfaces of the membrane. In Figure 4b, the multichannel 
membrane with a scale of 5 µm in the surface area 
section where the surface looks rather smooth is caused 
by the inner-coating process. Previous research 
conducted by Akhbar [35] used a silica-pectin membrane 
with a dip coating method, while in this study, we used 
the inner-coating method. 

3.2. Comparison performance of Ultrafiltration Vs 
Pervaporation for AMD Water Reclamation Using Silica-
pectin Multichannel Membranes 

This section evaluated the performance of both the UF 
and PV processes for AMD water reclamation using a 
silica-pectin multichannel membrane. The performance 
of the membrane process was measured through 
permeate flux and contaminant rejection. The permeate 
flux of the UF process for AMD reclamation at various 
operation pressures is shown in Figure 5. As the 
operation pressure of UF (1-3 bar) increases, the 
permeate flux of AMD also increases. These are the flux 
results of the ultrafiltration and pervaporation process of 
the silica-pectin multichannel membrane. 

Figure 5 shows the condition where there is an increase 
in permeate flux value caused by the greater the 
operating pressure, the greater the thrust force of water 
against the membrane. The greater the thrust force and 
large membrane surface area, the greater the permeate 
flux also increases proportionally. This condition of 
increasing permeate flux will reach a saturation point, 
which is a condition where the membrane will reach the 
limit of filtering ability due to the condition of the pores 
on the membrane surface that have fully bonded with the 
deposited pollutant particles. The increase in the 
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Figure 6. Permeate flux of AMD reclamation by pervaporation 
process under various feed temperature. 

 

Figure 7. Permeate evaluation of UF through flux and pH at 
various pressure operation. 

 

Figure 8. Permeate evaluation of PV through flux and pH at 
various pressure operation. 

permeate flux value as the pressure increases is caused 
by the increasing value of energy that can be produced 
and given to the waste stream so that the permeate can 
be pushed more strongly through the membrane pores 
[36]. 

In addition, adding pressure over a long period can 
increase the chances of membrane fouling. Fouling 
occurs due to the clogging of membrane pores during the 
process of separating substances, which reduces the 
membrane's ability to filter particles. Particles that 
accumulate on the surface of the membrane will 
increasingly thicken, preventing the feed water from 
passing through the membrane and reducing the 
membrane flux value [37]. 

The increase in operational temperature leads to a 
corresponding rise in water flux, as illustrated in Figure 6. 
This is in accordance with research [38] where it is 
mentioned that the greater the driving force of water 
accompanied by increased vapor pressure, the water 
passing through the water surface is also greater so that 
the evaporation rate of water also increases dramatically, 
which will also later convert the water vapor back into 
water or permeate. However, a very high feed water 
temperature can also reduce the effectiveness of the 
membrane because it will decrease the membrane's 
durability so that it is more quickly damaged and not 
durable. The increase in permeate flux will also not be too 
significant because a maximum water limit can pass 
through the membrane surface as particle buildup occurs 
on the membrane. 

The ultrafiltration process using silica-pectin membranes 
can increase the pH value of the AMD treatment process, 
as shown in Figure 7. However, this increase is not 
significant, given that the initial pH of AMD is 3.3. In the 
operating pressure of 1-3 bar, the increase in pH value is 
very small, so the operating pressure does not affect the 
increase in pH value. Low pH can also be caused by the 
presence of micromolecular content in the water 
[39], where the micromolecular content that may be 
acidic can only be partially filtered by the membrane. The 
pH value of the test results through the ultrafiltration 
process is also quite far below the quality standard of 
Minister of Environment Decree No. 113 of 2003, with a 
standard value of 6-9. So, in the ultrafiltration process, it 
is necessary to pre-treat the acid mine water to be 
processed so that the pH value produced in the 
ultrafiltration process can meet the quality standard. 

Figure 8 shows that the pervaporation process using 
a silica-pectin membrane can significantly increase the 
AMD treatment process's pH significantly from the initial 
pH of AMD, which is 3.3. There is also no significant 
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Figure 9. Permeate evaluation of UF through flux and Mn 
concentration at various pressure operation. 

 

Figure 10. Permeate evaluation of PV through flux and Mn 
concentration at various pressure operation. 

difference in the temperature range of 25 °C, 40 °C, and 
60 °C, so it can be concluded that the pervaporation 
process in the temperature range does not really affect 
the decrease in pH value. The pH value of the test results 
through the pervaporation process is also almost close to 
the quality standard value of Minister of Environment 
Decree No. 113 of 2003, with a standard value of 6-9. The 
increase in pH after similar things cause the 
pervaporation process in the ultrafiltration process. Also, 
an increase in temperature decreases the solubility of 
CO2 in water [40]. Where CO2 also plays a role in the 
higher pH of water. Thus, the increase in pH value is 
greater than the result of the ultrafiltration process. 
Although there is an increase in pH value, this value does 
not meet the quality standards. 

The ultrafiltration process utilizing silica-pectin 
membranes significantly reduces the Mn concentration 
in the AMD treatment process results, as illustrated in 
Figure 9. Starting from an initial value of 9.46, the 
reduction achieves an impressive 98%. The range of 
values of the decrease in the value of Mn in 1-3 bar 
operating pressure is not much different so the 
operating pressure does not affect the decrease in the 
value of Mn. The Mn value from the test results through 
the ultrafiltration process has also met the quality 
standard value of Minister of Environment Decree No. 
113 of 2003 with a standard value of 4 mg/L. In general, 
the size of Mn metal particles in water is about 0.05-0.4 
μm [41], which silica-pectin membrane pore is 0.008-0.01 
μm [20], and the possibility of the heavy metal content is 
oxidized and will form compounds with a larger size [39] 
and so most of them will be filtered by the membrane. 

Figure 10 shows that the pervaporation process using 
silica-pectin membranes can reduce the value of Mn in 
the results of the AMD treatment process very 
significantly from the initial AMD value, which is 9.46, and 
the reduction value reaches 99%. Although the value of 
Mn reduction at temperatures of 25 °C, 40 °C, and 60 °C 
is relatively the same in that temperature range, it does 
not affect the decrease in Mn value.  The Mn value from 
the test results through the pervaporation process has 
also met the quality standard value of Minister of 
Environment Decree No. 113 of 2003 with a standard 
value of 4 mg/L. The reduction of Mn in the pervaporation 
process is similar to that happened in the ultrafiltration 
process where Mn particles were bigger than the 
membrane pore, which in general Mn particles is about 
0.05-0.4 μm [41], and silica-pectin membrane pore is 
0.008-0.01 μm [20]. This is also supported by the phase 
change of water from liquid to vapor, so it filters a bit 
more Mn particles during the pervaporation process. 

High manganese (Mn) content in water can cause or have 
a negative impact on health; for example, manganese 
substances can cause liver problems and can even cause 
liver cancer, as well as irritation to the eyes and skin. High 
Mn content in water can occur in poor environmental 
conditions. If feces pollute groundwater and surface 
water used by the community, bad bacteria will 
automatically spread to water sources used for 
household purposes. In the long run, poor-quality water 
can cause diseases such as bone loss, tooth corrosion, 
anemia, and kidney damage. This is due to toxic heavy 
metals beyond what the body can tolerate and the 
deposition of these metals in the kidneys [42]. 

Figure 11 shows that in the ultrafiltration process, the 
lowest conductivity value of water occurs at a pressure of 
3 bar with a conductivity value of 77.24 μS/cm. The 
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Figure 11. Results of conductivity value in ultrafiltration 
process. 

 

Figure 12. Results of conductivity value in the pervaporation 
process. 

highest conductivity value occurs at a pressure of 1 bar 
with a conductivity value of 83.04 μS/cm. It is also known 
that there is a decrease in the conductivity value of each 
operating pressure where for 1 bar pressure to 2 bar 
pressure, there is a decrease in conductivity value of 
0.01%, 2 bar pressure to 3 bar pressures, there is a 
decrease of 0.06%, and 1 bar pressure to 3 bar pressure 
there is a decrease of 0.07%. Overall, the ultrafiltration 
process can reduce the conductivity value from the initial 
conductivity value of 1270 μS/cm by 83% for 1 bar 
pressure, 82% for 2 bar pressures, and 77% for 3 bar 
pressures. 

As shown in Figure 12, the pervaporation process 
resulted in the lowest conductivity value located at 25 °C 
with a conductivity value of 3.38 μS/cm. The highest 
conductivity value is located at 40 °C with a 4.02 μS/cm 

conductivity value. In addition, it can also be seen in the 
figure that the conductivity value experiences very little 
increase and decrease for each feed water temperature, 
where for 25 °C to 40 °C there is an increase in 
conductivity value of 0.19%, 40 °C to 60 °C there is a 
decrease of 0.13%, and 25 °C to 60 °C there is an increase 
of 0.04%. Overall, the pervaporation process can reduce 
the conductivity value from the initial conductivity value 
of 1270 μS/cm by 99% for all three temperature 
variations. This value is comparable to research 
conducted by Akhbar (2020), in which removal efficiency 
also reached 99.9%. 

Conductivity measurement in water aims to measure the 
ability of ions in water to conduct electricity and can 
predict the mineral content contained in water. The 
higher the conductivity value in water, the more 
dangerous it will be because high mineral and metal 
content can precipitate and damage the kidneys. 
According to WHO, the conductivity threshold value for 
drinking water sources is 1500 µS/cm. Electrolyte content 
consists of mineral salts dissolved in water; this content 
is related to the ability of water to conduct electric 
current. The more mineral salts dissolved in water, the 
higher the conductivity of the water. A high conductivity 
value causes water to easily conduct electricity and 
indicates a high salt content. High salt content in water 
will also cause the water to taste salty, so it is unsuitable 
for consumption. In addition, the impact of high-water 
conductivity values will cause a decrease in animal 
diversity in water bodies. 

4. Conclusions 

The ultrafiltration process is affordable for treating AMD 
by removing Mn and conductivity. In addition, the UF 
process offers a high permeate flux of about 4-fold times 
that of the pervaporation process. However, the pH 
parameter still cannot meet the quality standards for 
both processes. The ultrafiltration process is more 
recommended in AMD treatment due to more 
economical and efficiency requirements. This result also 
concluded the AMD reclamation is successfully treated 
via both membrane processes, either UF or PV, with 
significant Mn and conductivity degradation over 93%. 

Author Contributions: Conceptualization, M.M. and A.R.; 
methodology, D.E.Z.Z. and M.E.; formal analysis, D.E.Z.Z.; 
investigation, D.E.Z.Z., A.D.A., U.K. and R.S.K.P.X.X.; data curation, 
M.E.; writing—original draft preparation, D.E.Z.Z.; writing—
review and editing, M.E. and A.R.; visualization, F.R.M.; 
supervision, M.E. and M.M.; funding acquisition, M.E. All authors 
have read and agreed to the published version of the 
manuscript. 

Funding: This study does not receive external funding. 



Leuser Journal of Environmental Studies, Vol. 2, No. 2, 2024 
 

 Page | 93  
 

Ethical Clearance: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Available upon request to the 
corresponding author. 

Conflicts of Interest: All the authors declare no conflicts of 
interest. 

References 

1. Thisani, S. K., Kallon, D. V. Von, and Byrne, P. (2020). 
Geochemical Classification of Global Mine Water Drainage, 
Sustainability, Vol. 12, No. 24, 10244. doi:10.3390/su122410244. 

2. Adeniyi, A. G., Emenike, E. C., Iwuozor, K. O., Okoro, H. K., and 
Ige, O. O. (2022). Acid Mine Drainage: The Footprint of the 
Nigeria Mining Industry, Chemistry Africa, Vol. 5, No. 6, 1907–
1920. doi:10.1007/s42250-022-00493-3. 

3. Cheng, H., Hu, Y., Luo, J., Xu, B., and Zhao, J. (2009). Geochemical 
Processes Controlling Fate and Transport of Arsenic in Acid 
Mine Drainage (AMD) and Natural Systems, Journal of 
Hazardous Materials, Vol. 165, Nos. 1–3, 13–26. 
doi:10.1016/j.jhazmat.2008.10.070. 

4. Ighalo, J. O., Kurniawan, S. B., Iwuozor, K. O., Aniagor, C. O., Ajala, 
O. J., Oba, S. N., Iwuchukwu, F. U., Ahmadi, S., and Igwegbe, C. A. 
(2022). A Review of Treatment Technologies for the Mitigation 
of the Toxic Environmental Effects of Acid Mine Drainage (AMD), 
Process Safety and Environmental Protection, Vol. 157, 37–58. 
doi:10.1016/j.psep.2021.11.008. 

5. Rosadi, R., Elma, M., Mahmud, M., Sunardi, S., Ghani, R. A., 
Aliyanti, A. D., and Rahma, A. (2023). Performance of Flat 
Membrane Silica Pectin on Wetland Saline Water and Acid Mine 
Drainage via Ultrafiltration Process, Fish Scientiae, Vol. 13, No. 
2, 242–256. 

6. Elma, M., Mustalifah, F. R., Suryani, L., Rampun, E. L. A., and 
Rahma, A. (2020). Wetland Saline Water and Acid Mine Drainage 
Desalination by InterlayeFree Silica Pectin Membrane from 
Banan Peels, Nusantara Science and Technology Proceedings, 
Galaxy Science, 271–279. doi:10.11594/nstp.2020.0543. 

7. Rezaie, B., and Anderson, A. (2020). Sustainable Resolutions for 
Environmental Threat of the Acid Mine Drainage, Science of The 
Total Environment, Vol. 717, 137211. 
doi:10.1016/j.scitotenv.2020.137211. 

8. Zahratunnisa, Elma, M., Aisyah, E. R., Hastati, Subkhan, R., 
Widiawardani, S., Rahma, A., and Syauqiah, I. (2024). Polyamide 
66 Hybrid TiO 2 –Pectin Flat-Sheet Membrane Applied to 
Wetland Water Ultrafiltration, Membrane Technology, Vol. 
2024, No. 1. doi:10.12968/S0958-2118(24)70001-9. 

9. Rahma, A., Elma, M., Roil Bilad, M., Syauqiah, I., Patria, R. A., 
Ziqri, M., and Kartikawati, D. (2024). Functionalization and 
Deconvolution of Tubular Ceramic Support Membrane Prepare 
from High Silica Spent Bleaching Earth by Centrifugal Casting, 
Key Engineering Materials, Vol. 975, 87–94. doi:10.4028/p-
dE2XpU. 

10. Putri, V. S., Handayani, N., Rahma, A., and Elma, M. (2024). 
Performance of Silica-Pectin Interlayer-Free Membranes for 
Desalination of Wetland Saline Water, Meratus Journal of 
Materials and Separation, Vol. 1, No. 1, 30–37. 

11. Ghani, R. A., Elma, M., Rahma, A., and Wahyu, W. (2024). An 
Insight of TiO2 and Spent Bleaching Earth (SBE) Effect of Phase 
Crystalline Structures for PVDF Hollow Fiber Membrane, 
Elkawnie, Vol. 10, No. 1, 143. doi:10.22373/ekw.v10i1.21455. 

12. Elma, M., Syauqiah, I., Oktaviana, E. N. R., Fatimah, S., Rahma, 
A., Harivram, A. S. K., and Rampun, E. L. A. (2024). Fabrication of 
Silica-Nypa Membrane Applied for Water Desalination, 040001. 
doi:10.1063/5.0144527. 

13. Agboola, O. (2019). The Role of Membrane Technology in Acid 
Mine Water Treatment: A Review, Korean Journal of Chemical 
Engineering, Vol. 36, No. 9, 1389–1400. doi:10.1007/s11814-
019-0302-2. 

14. Elma, M., Rahma, A., Mustalifah, F. R., Wahid, A. R., Lamandau, 
D. R., Fatimah, S., Huda, M. S., Alsiren, M. A., Nasruddin, 
Saraswati, N. K. D. A., Simatupang, P. F. A., Firdaus, M., and 
Abdurrahman. (2023). Nanofiltration Technology Applied for 
Peat and Wetland Saline Water, 217–245. doi:10.1007/978-981-
19-5315-6_12. 

15. Lestari, R. A., Elma, M., Annadhliyah, S., Suparsih, D. R., Lestari, 
A. E., and Rabiah, S. (2019). Performansi Pemisahan Membran 
Organosilika Untuk Desalinasi Air Rawa Asin Di Kawasan Lahan 
Basah, Prosiding Seminar Nasional Lingkungan Lahan Basah 
(Vol. 4), 296–300. 

16. Ghani, R. A., Elma, M., Rahma, A., and Nisa, Z. (2024). A Novel 
Poly (vinylidene) Fluoride/TiO2/Spent Bleaching Earth for 
Enhancing Hydrophilic Hollow Fibre Membrane, CFD Letters, 
Vol. 16, No. 10, 112–125. doi:10.37934/cfdl.16.10.112125. 

17. Rahma, A., Elma, M., Roil Bilad, M., Isnasyauqiah, Rahman 
Wahid, A., Sirajul Huda, M., and Resa Lamandau, D. (2023). 
Novel Spent Bleaching Earth Industrial Waste As Low-Cost 
Ceramic Membranes Material: Elaboration and 
Characterization, Materials Today: Proceedings, Vol. 87, 136–
140. doi:10.1016/j.matpr.2023.02.387. 

18. Pratiwi, E. N., Elma, M., Mahmud, M., Basir, B., Rezki, M. R., 
Oktaviana, E. N. R., Fatimah, S., Saputro, G. S., Rampun, E. L. A., 
and Rahma, A. (2023). Novel Carbon Templated Silica 
Membrane Prepared from Nypa fruticans Leaf for Seawater 
Desalination, 030006. doi:10.1063/5.0114125. 

19. Mahmud, M., Elma, M., Rahma, A., Huda, N., Lestari, R. A., 
Harivram, A. S. K., Rampun, E. L. A., Othman, M. H. D., and Bilad, 
M. R. (2023). Step-by-Step Fabrication of PVDF-TiO2 Hollow Fiber 
Membrane and Its Application Desalination of Wetland Saline 
Water via Pervaporation, Indonesian Journal of Science and 
Technology, Vol. 8, No. 3, 499–516. 

20. Elma, M., Rahma, A., Kusumawati, U., Pratama, R. S. K., and 
Alyanti, A. D. (2022). Single Vs Multichannel Silica-Pectin 
Ultrafiltration Membranes for Treatment of Natural Peat Water, 
Journal of Advanced Research in Fluid Mechanics and Thermal 
Sciences, Vol. 100, No. 2, 33–46. 
doi:10.37934/arfmts.100.2.3346. 

21. Chen, X., Zhang, Y., Tang, J., Qiu, M., Fu, K., and Fan, Y. (2018). 
Novel Pore Size Tuning Method for the Fabrication of Ceramic 
Multi-channel Nanofiltration Membrane, Journal of Membrane 
Science, Vol. 552, 77–85. doi:10.1016/j.memsci.2018.01.056. 

22. Rahma, A., Elma, M., Aliah, Kusumawati, U., and Dony, N. (2022). 
Novel Multi-Channel Coated Silica Based Membranes Applied 
for Peat Water Ultrafiltration, Journal of Advanced Research in 
Fluid Mechanics and Thermal Sciences, Vol. 100, No. 3, 133–145. 
doi:10.37934/arfmts.100.3.133145. 

23. Elma, M., Mawaddah, Y., Wati, L. S., Sumardi, A., Rampun, E. L. 
A., and Rahma, A. (2023). TEOS/TEVS Membrane by Dual Acid-
Base Catalyzed in Seawater Desalination with Different 
Temperature Feeds, 050003. doi:10.1063/5.0137740. 

24. Rahma, A., Elma, M., Rampun, E. L. A., Sintungkir, S. L., and 
Hidayat, M. F. (2022). Effect of Backwashing Process on the 
Performance of an Interlayer-Free Silica–Pectin Membrane 
Applied to Wetland Saline Water Pervaporation, Membrane 
Technology, Vol. 2022, No. 2. doi:10.12968/S0958-
2118(22)70019-5. 

25. Aliah, A., Elma, M., Nata, I. F., Maulida, N. A., Fitriah, S. H., 
Rampun, E. L. A., and Rahma, A. (2022). Organosilica 
Multichannel Membranes Prepared by Inner Coating Method 
Applied for Brackish Water Desalination, Materials Science 
Forum, Vol. 1057, 136–143. doi:10.4028/p-785037. 

26. Elma, M., Ghani, R. A., Rahma, A., Alyanti, A. D., and Dony, N. 
(2022). Banana Peels Pectin Templated Silica Ultrafiltration 
Membrane in Disk Plate Configuration Applied for Wetland 

https://doi.org/10.3390/su122410244
https://doi.org/10.1007/s42250-022-00493-3
https://doi.org/10.1016/j.jhazmat.2008.10.070
https://doi.org/10.1016/j.psep.2021.11.008
https://doi.org/10.11594/nstp.2020.0543
https://doi.org/10.1016/j.scitotenv.2020.137211
https://doi.org/10.12968/S0958-2118(24)70001-9
https://doi.org/10.4028/p-dE2XpU
https://doi.org/10.4028/p-dE2XpU
https://doi.org/10.22373/ekw.v10i1.21455
https://doi.org/10.1063/5.0144527
https://doi.org/10.1007/s11814-019-0302-2
https://doi.org/10.1007/s11814-019-0302-2
https://doi.org/10.1007/978-981-19-5315-6_12
https://doi.org/10.1007/978-981-19-5315-6_12
https://doi.org/10.37934/cfdl.16.10.112125
https://doi.org/10.1016/j.matpr.2023.02.387
https://doi.org/10.1063/5.0114125
https://doi.org/10.37934/arfmts.100.2.3346
https://doi.org/10.1016/j.memsci.2018.01.056
https://doi.org/10.37934/arfmts.100.3.133145
https://doi.org/10.1063/5.0137740
https://doi.org/10.12968/S0958-2118(22)70019-5
https://doi.org/10.12968/S0958-2118(22)70019-5
https://doi.org/10.4028/p-785037


Leuser Journal of Environmental Studies, Vol. 2, No. 2, 2024 
 

 Page | 94  
 

Water Treatment, Journal of Advanced Research in Fluid 
Mechanics and Thermal Sciences, Vol. 100, No. 1, 77–88. 
doi:10.37934/arfmts.100.1.7788. 

27. Elma, M., Bilad, M. R., Pratiwi, A. E., Rahma, A., Asyyaifi, Z. L., 
Hairullah, H., Syauqiah, I., Arifin, Y. F., and Lestari, R. A. (2022). 
Long-Term Performance and Stability of Interlayer-Free 
Mesoporous Silica Membranes for Wetland Saline Water 
Pervaporation, Polymers, Vol. 14, No. 5, 895. 
doi:10.3390/polym14050895. 

28. Elma, M., Sari, N. L., and Pratomo, D. A. (n.d.). Teknologi 
Membran Organo-Silica Untuk Desalinasi Air Asam Tambang, 
Konversi, Vol. 8, No. 1. 

29. Elma, M., Sumardi, A., Paramita, A., Rahma, A., Lestari, A. E., 
Yanto, D. H. Y., Hadi, S., Assyaifi, Z. L., Sunardi, and Raharjo, Y. 
(2021). Physicochemical Properties of Mesoporous Organo-
Silica Xerogels Fabricated through Organo Catalyst, 
Membranes, Vol. 11, No. 8, 607. 
doi:10.3390/membranes11080607. 

30. Elma, M., Lestari, A. E., Sumardi, A., Assyaifi, Z. L., Darmawan, A., 
Mujiyanti, D. R., Syauqiah, I., Rahma, A., Suciwati, L., and 
Mawaddah, Y. (2021). Organo-Silica Membrane Prepared from 
TEOS-TEVS Modified with Organic-Acid Catalyst for Brackish 
Water Desalination, Jurnal Rekayasa Kimia & Lingkungan, Vol. 
16, No. 1, 11–18. doi:10.23955/rkl.v16i2.18107. 

31. Mustalifah, F. R., Rahma, A., Mahmud, Sunardi, and Elma, M. 
(2021). Chemical Cleaning to Evaluate the Performance of Silica-
Pectin Membrane on Acid Mine Drainage Desalination, IOP 
Conference Series: Materials Science and Engineering, Vol. 
1195, No. 1, 012057. doi:10.1088/1757-899X/1195/1/012057. 

32. Isdayanti, M., Rasidi, M. I., and Elma, M. (2016). Pektin Dari Kulit 
Pisang Kepok (Musa paradisiaca Linn) Sebagai Edible Film and 
Coating. 

33. Rampun, E. L. A., Elma, M., Rahma, A., and Pratiwi, A. E. (2019). 
Interlayer-Free Silica–Pectin Membrane for Sea-Water 
Desalination, Membrane Technology, Vol. 2019, No. 12, 5–9. 
doi:10.1016/S0958-2118(19)30222-8. 

34. Elma, M., Pratiwi, A. E., Rampun, E. L. A., and Rahmah, A. (2019). 
Aplikasi Membran Interlayer-Free Silika-Pektin Pada 

Pengolahan Air Payau Dan Air Rawa Asin, Prosiding Seminar 
Nasional Lingkungan Lahan Basah (Vol. 4), 268–273. 

35. Akhbar, A. (2020). Treatment Of Mine Acid Water (Aat) Using 
Silica Pectin (Msp)-Banana Peel Membrane By Evaporation 
Process: Effect Of Feed Temperature On Membrane 
Performance, Universitas Lambung Mangkurat. 

36. Martini, S. (2019). Pengolahan Limbah Cair Minyak Kanola 
Menggunakan Kombinasi Adsorpsi Dan Membran Ultrafiltrasi 
Polimer, Kinetika, Vol. 10, No. 2, 36–41. 

37. Elma, M., Riskawati, N., and Marhamah. (2018). Silica 
Membranes for Wetland Saline Water Desalination: 
Performance and Long Term Stability, IOP Conference Series: 
Earth and Environmental Science, Vol. 175, 012006. 
doi:10.1088/1755-1315/175/1/012006. 

38. Elma, M., Pratiwi, A. E., Rahma, A., Rampun, E. L. A., and 
Handayani, N. (2020). The Performance of Membranes 
Interlayer-Free Silica-Pectin Templated for Seawater 
Desalination via Pervaporation Operated at High Temperature 
of Feed Solution, Materials Science Forum, Vol. 981, 349–355. 
doi:10.4028/www.scientific.net/MSF.981.349. 

39. Muhari, E. H., Permanasari, A. R., and Yulistiani, F. (2018). 
Pengolahan Air Tanah di Kawasan Politeknik Negeri Bandung 
menjadi Air Minum dengan Metoda Ultrafiltrasi, Jurnal Teknik 
Kimia Dan Lingkungan, Vol. 2, No. 2, 55–65. 

40. Kurniati, E., Anugroho, F., and Sulianto, A. A. (2020). Analisis 
Pengaruh pH dan Suhu pada Desinfeksi Air Menggunakan 
Microbubbble dan Karbondioksida Bertekanan, Jurnal 
Pengelolaan Sumberdaya Alam Dan Lingkungan (Journal of 
Natural Resources and Environmental Management), Vol. 10, 
No. 2, 247–256. doi:10.29244/jpsl.10.2.247-256. 

41. Laxen, D. P. H., and Chandler, I. M. (1983). Size Distribution of 
Iron and Manganese Species in Freshwaters, Geochimica et 
Cosmochimica Acta, Vol. 47, No. 4, 731–741. doi:10.1016/0016-
7037(83)90107-2. 

42. Kristianingsih, Y., Masdianto, M., and Mardikawati, A. (2021). 
Penetapan Kadar Besi (Fe) dan Mangan (Mn) Pada Air Tanah 
Pemukiman Di Sekitar Setu Pedongkelan Depok, Anakes : Jurnal 
Ilmiah Analis Kesehatan, Vol. 7, No. 2, 148–156. 
doi:10.37012/anakes.v7i2.686. 

 

https://doi.org/10.37934/arfmts.100.1.7788
https://doi.org/10.3390/polym14050895
https://doi.org/10.3390/membranes11080607
https://doi.org/10.23955/rkl.v16i2.18107
https://doi.org/10.1088/1757-899X/1195/1/012057
https://doi.org/10.1016/S0958-2118(19)30222-8
https://doi.org/10.1088/1755-1315/175/1/012006
https://doi.org/10.4028/www.scientific.net/MSF.981.349
https://doi.org/10.29244/jpsl.10.2.247-256
https://doi.org/10.37012/anakes.v7i2.686

