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 Abstract  

Acid mine drainage is one of the problems that arise from the pool of the 

former coal mining site. Acid mine drainage consists of organic compounds 

and various metal ions that have polluted the soil, groundwater, and surface 

water. Thus, treatment is needed before they are being discharged into the 

environment. This research was conducted to treat acid mine drainage using 

the NF270 nanofiltration membrane as a future drinking water 

alternative.The research objectives were to analyze NF270 nanofiltration 

membrane's performance in removing pollutant contents in acid mine 

drainages such as COD, TSS, TDS, Fe, and Mn. Two types of acid mine 

drainage were used as feed, synthetic acid mine drainage, and original acid 

mine drainage from sampling results of a former coal mining pool in South 

Kalimantan. The study used a membrane filtration technology operated on 

crossflow with a pressure of 4, 5, and 6 bar.The obtained rejection rate in a 

single synthetic acid mine drainage solution was 76%, Fe, Mn and TSS at 

100%, and TDS of 42%, while for synthetic acid mine drainage solution 

mixed COD rejection rate reached 100%, Fe, Mn, and TSS at 100%, and 

TDS at 53%. The optimum pressure was 6 bar. The rate of rejection treated 

at 6 bar was 100%  for COD parameter, Fe, Mn, and TSS, while TDS was 

53-54%. This product much is better for water. 

 
Journal of Green Engineering, Vol. 11 1, 807-823.    
© 2021 Alpha Publishers. All rights reserved. 

mailto:kiswanto@utu.ac.id
mailto:kiswantoanto5@gmail.com


 
 

                 

                808  Kiswanto et al. 

 

Keywords: Acid Mine Drainage, Drinking Water, Membrane, Nanofiltrasi, 

membrane filtration technology 
 

1 Introduction 
 

Water resources worldwide are expected to experience shortages due to 

population growth and uneven water distribution [5]. Wastewater from 

various sources can be used as an alternative resource to reduce freshwater 

demand [1]. 

Modern technology for wastewater treatment is usually through 

purification according to environmental priorities for elimination (total 

solids, reduction of organic anthropogenic micropollutants, organic 

microorganisms and their toxic effects) in the aquatic environment [4,11,2]. 

Coal mine acid water is becoming a serious problem; it generally contains 

salt, with very high concentrations of suspended solids and various iron, 

aluminium, and dissolved organic matter [8]. Wastewater treatment from 

coal mining prevents the damaging effects of pollution on water. Besides, 

treated wastewater can be reused for other purposes. In mining, water 

management can be used as a sustainable approach with optimal water [22]. 

One of the mining process impacts is the emerging of acid mine 

drainage, which is bad for preserving the environment and surrounding 

communities [3][6,7][14][16][18][23]. Acid mine drainage is water that 

originates from mine drainage, which can pollute natural water in the form of 

either acid mine water or other if it is not managed and controlled properly 

[9]. The formation of acid mine drainage is influenced by three main factors: 

water, air, and materials containing sulfide minerals [17]. 

A way to prevent environmental pollution caused by acid mine drainage 

is to remove its hazardous substances before entering the water. Membrane-

based processes and technologies have become very important tools in water 

management and water-related environmental engineering because of their 

superiority from the technical, economic and ecological perspectives for 

removing polyvalent cations with the least total dissolved solids wastewater. 

Nanofiltration membranes are most appropriate. 

The nanofiltration membrane has an asymmetric microporous structure 

with a pore size between 0.01-5 nm. Driving force is applied. Nanofiltration 

membrane (N.F.) is a membrane process between reverse osmosis and 

ultrafiltration, has lower flux and operating pressure than reverse osmosis . 

At pressure 1-55 bar to followed by achieving mechanism separation. 

Therefore, the nanofiltration membrane can remove organic compounds and 

heavy metals. Nanofiltration membranes improve membrane performance, 

including flux and rejection, mechanical and thermal stability, and 

antifouling and antibacterial properties. Including; wastewater from the steel 

industry [15], N.F. Membranes have been used to treat industrial wastewater 

from various sources [20], including the food processing industry, dairy 

industry, and textile industry [12,24,21,26]. N.F. membranes have also been 

used to remove, recover, and reuse contaminants from industrial wastewater, 

such as removing fluoride and phosphate from fertilizer plants [7], removing 

macromolecules and ions from textile waste [6]. 
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In this study, synthetic acid mine drainage and original acid mine 

drainage were treated using an NF270 nanofiltration membrane. Some 

studies suggest that nanofiltration membranes can be used in water treatment 

[10], but only a few research on the use of NF270 nanofiltration membranes 

in treating acid mine drainage have been carried out. In studies using N.F. 

Membrane systems, wastewater generated from coal mining can be treated to 

produce high-quality results and low energy consumption and reduce the use 

of chemicals [25].  

Water[10] is the elixir for an agricultural process as the entire procedure 

relies merely on that. Optimization and effective usage of water in 

agriculture is an essential phenomenon. Wide varieties of automatic 

irrigation systems exist in practice, but none proved efficient in terms of cost, 

technology adopted and fixing the loopholes, evident from the current 

literature. Efficiency should be achieved in all the levels as mentioned earlier 

for enhancing agricultural productivity.  

Therefore, this study was conducted to assess the performance of the 

NF270 nanofiltration membrane in removing pollutant parameters in acid 

mine drainage and as a water treatment technology so that later it can be 

expected to be a choice in the provision of future drinking water. 

  

2 Materials and Methods 

 

2.1 Production of Synthetic Acid Mine Drainage 

Synthetic acid mine drainage was produced to observe COD, TSS, TDS, 

Fe, and Mn parameters. It was used because acid mine drainage 

characteristics were more diverse than it might have various effects or 

results. Synthetic acid mine drainage was made by mixing chemicals such as 

humic acid for COD, FeCl3.6H2O for Fe, MnSO4 for Mn, NaCl for TDS, 

and kaolin for TSS. Meanwhile, the original acid mine water was taken from 

a coal mine in South Kalimantan, Indonesia. 

2.2 Membrane Filtration 

The membrane used was the NF270 nanofiltration membrane produced 

by Alfa Laval. In this study, the membrane was cut into a circle with a 

diameter of 4.2 cm. After cut, the membrane was then immersed in distilled 

water for 30 minutes. The submerged membrane was then inserted into the 

membrane module. Afterwards, the membrane was compacted for 30 

minutes. Membrane compacting aimed to stabilize the pore and membrane 

structure to obtain a stable flux value later. The membrane filtration process 

can be seen in Figure 1. 
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                  Figure 1. Membrane Filtration Work Scheme 

 

        Membrane filtration was done to treat synthetic acid mine drainage and 

original mine acid drainage. The pressure variations used in this study were 

4, 5, and 6 bars. Membrane filtration was carried out for 2 hours for each 

pressure, permeate was taken every 15 minutes for 1-5 minutes for flux 

measurement. 

2.3 Permeate Content Analysis and Membrane Characterization 

After the acid mine drainage was treated using the filtration device, the 

permeate taken was then analyzed to know the concentration of permeate 

contents. COD parameter was tested based on SNI 06-6989.3-2004 using the 

COD HACH reactor from the USA and spectrophotometer (Genesys 10S 

UV-Vis from ThermoScientific USA) at wavelengths of 420 nm (COD <90 

mg / L) and 600 nm (COD 100-1000 mg / L). TSS parameter was measured 

gravimetrically based on SNI 06-6989.3-2004, and by using the graph of 

kaolin vs turbidity, the turbidity was measured using turbidimeter (Micro 

TPW Field Portable produced by H.F. Scientific USA). TDS parameter was 

assessed using a TDS meter (H.M. Digital USA). Fe and Mn's parameters 

were measured based on SNI 06-6989.4-2004 using AAS Model 210 VGP 

by Buck Scientific USA at a wavelength of 248 nm. Membrane morphology 

before and after use was characterized using SEM. 
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3 Results and Discussion 

3.1 Characteristics of Acid Mine Drainage 

The sample's characterization was carried out to determine the pollutant 

parameters in the original acid mine drainage obtained from a South 

Kalimantan coal mining pond. The results are shown in Table 1. 

Table 1. Characteristics of Acid Mine Drainage Compared to Other Water Quality 

Standard 

Parameter Unit 

Acid Mine Drainage 

from South 

Kalimantan*
 

Drinking-

Water
**

 

Coal Mining 

Wastewater
*** 

Temperature °C 30.3 ± 3
0
C  

TSS mg/L 344.86 Max. 15 400 

TDS mg/L 150 Max. 1000 - 

pH - 4.4 6.5-8.5 7 

Fe mg/L 5.306 0.3 4 

Mn mg/L 1.06 0.1 1 

COD mg/L 25.37 50  

 

** Minister of Health Decree No. 907/2002 

*** Minister of Environment Decree No. 113/2003 concerning coal waste 

quality standards 

      Based on Table 1, acid mine drainage from the coal mine in South 

Kalimantan contained total suspended solids (TSS), Fe, and Mn, which 

exceed the quality standards. Pollutant parameters that exceeded quality 

standards can damage the environment. The composition of acid mine 

drainage can be used to choose the type of treatment to be used. 

Nanofiltration technology is one method that can be used to meet water 

quality standards. Nanofiltration can control organic compounds, inorganic, 

and microbial contamination. In this study, pollutant parameters such as 

COD, Fe, Mn, TDS, and TSS were processed using NF270 membrane 

technology. 

 

3.2 Characterization of NF270 Nanofiltration Membrane 

Membrane characterization was performed to analyze the NF270 

membrane in the initial conditions. The results of the initial flux (J0) 

measurement of NF270 membrane at various operating pressures of 4, 5, 6 

bar can be seen in Figure 2. 
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Figure 2. Initial flux in NF270 membrane in various operating pressures 

 

At Figure 2, It can be seen that at operating pressures of 4.5 and 6 bar, 

each produced an initial flux value (J0) of 52 L/m2.hour, 71 L/m2.hour, and 

94 L/m2.hour, respectively. It was aligned with Al-Zoubi et al.'s (2010) 's 

research, which stated that NF270 produced a permeability coefficient value 

of 6.30 L/m2.hour.bar at operating pressure between 5-20 bar. The value of 

the permeability coefficient of distilled water showed the ease of water 

molecules to pass through the membrane. The higher the permeability 

coefficient value, the easier it was for water to pass through the membrane, 

ultimately providing higher water flux. The graph also shows the effect of 

pressure on flux. This phenomenon which stated that as pressure increased, 

the flux value also increased. Increased pressure would increase the driving 

force for the membrane and pushed the feed flow to pass through the 

membrane to generate more permeate. 

3.3 Effects of Operating Pressure on Performance of NF270 
Nanofiltration Membrane 

One factor that influences the separation process by nanofiltration is 

pressure. This study aimed to analyze the effect of pressure on membrane 

performance, shown in graphs shown in Figure 3 and the rejection rate in 

Table 3. 
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Figure 3. Profiles of Nomalized flux in different solution ((a) COD, (b) TSS, (c) 

TDS, (d) Fe, (e) Mn, (f) Mixed solution, (g) Acid mine drainage) 

  

 

  

According to the graphs in Figure 3, the flux decreased significantly in 

the first 15 minutes for all solution parameters and pressures, and then it 

tended to be stable. 

In Fig.3a, COD solution, at 6 bar pressure, the flux decreased sharply in 

the first 30 minutes. While for 5 bar pressure, the flux decrease tended to 

occur with increasing operating time up to 120 minutes. The flux decreased 

with increasing operating time up to 120 minutes at 5 bar in the TSS solution. 

On the other hand, at 4 bar pressure in TDS solution, the flux decreased only 

in the first 45 minutes, after which it tended to be stable. 

According to Fig. 3d, the flux decrease occurred consistently and was 

stable with increasing operating time of up to 120 minutes. However, there 

was no significant decrease in flux during the filtration process for Mn 

solution. It can be seen in Fig. 3f, mixed solution, the decrease in flux 

occurred sharply and consistently with increasing operating time to 120 

minutes.  

The acid mine drainage flux decreased for all pressures sharply and 

consistently with increasing operating time to 120 minutes. The most 

significant decrease occurred at 6 bar pressure followed by 5 bar and 4 bar. 

The presence of fouling caused a decrease. Fouling was formed from the 

addition, accumulation, or adsorption of foulant on the membrane surface 

and in the membrane pore resulting decrease in flux profile[10]. It consists of 

Table 2. 
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Table 2. The concentration of permeate and rejection rate of synthetic mine acid 

drainage on NF270 

Parameter 

Single Synthetic Solution Mixed Synthetic Solution 

4 bar 5 bar 6 bar 4 bar 5 bar 6 bar 

C 

(mg/l) 

R 

(%) 

C 

(mg/l) 

R 

(%) 

C 

(mg/l) 

R 

(%) 

C 

(mg/l) 

R 

(%) 

C 

(mg/l) 

R 

(%) 

C 

(mg/l) 

R 

(%) 

COD 7.22 72  7.15  74  6  76   0 100 0 100 0 100 

TSS 0 100 0 100 0 100  0 100 0 100 0 100 

TDS 82.1 45.2 71 52.6 60 60  61.02 61 57.71 63 72.25 53 

Fe 2.01 62 0.01 100 0.03 100 0 100 0 100 0 100 

Mn  0 100  0  100  0  100   0 100 0  100 0  100 

 

       Table 2 will show the permeate concentration and rejection rates for the 

three pressure variations. The separation process caused the rejection. Charge 

exclusion and sieving effect were the two main factors that caused the 

separation process in nanofiltration. Charge exclusion depended on three 

parameters: membrane charge, ionic strength, and ion valence, as for the 

membrane charge itself depended on the pH of the feed solution. 

       Table 2 also shows that the rejection rate at all pressures for a single 

synthetic COD solution ranged between 72-76%, whereas the rejection rate 

for mixed synthetic solutions reached 100%. It was aligned by research, 

where the COD rejection could reach 85-98% by nanofiltration. 

      The high rate of rejection was due to the sieving effect of the separation 

process of synthetic COD solution. Separating neutral feed solutions was 

pore size-based. Synthetic COD solution was made of no charge humic acid 

(H.A.) material. Thus, the membrane charge did not affect the separation 

process. In this process, the particles larger than the membrane's pore size 

would be retained on the surface while the smaller particles passed as 

permeate. H.A. compounds had a larger size than nanofiltration membrane 

pores. These fouls would accumulate on the membrane surface, resulting in a 

less effective process and less flux [19]. The pore size of the NF270 

membrane was 0.88 nm. 

The rejection rate for TSS, Fe, and Mn parameters in a single synthetic 

solution at all pressures reached 100%, except for the Fe parameter at 4 bar. 

Fe, Mn, and TSS's removal process occurred because of the interaction 

between ions and membrane surface. Fe solution was made of FeCl3 and 

MnSO4 so that when it contacted with the membrane, Fe2+ ions, Mn2+ ions 

were adsorbed on the membrane surface. When the membrane was contacted 

with FeCl3 and MnSO4, the membrane surface charge became positive. The 

solution's pH could be influenced, 4 when the isoelectric point value of the 

NF270 membrane was close to 4. Thus, it was possible to make the 

membrane positively charged, negative, or neutral. In this case, in addition to 
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electrostatic interactions, separation based on pore size also played a role in 

the separation of Fe. The separation of salt by nanofiltration membranes was 

more complicated and could occur in combination based on molecular size 

and the effect of Donnan Exclusion (electrostatic interactions).  

For synthetic TSS solution that had a pH of 5, it resulted in the NF270 

membrane charge change to be negative. It was because pH 5 was above the 

isoelectric point value of the NF270 membrane. Synthetic TSS solution was 

made from negatively charged kaolin. When it contacted the NF270 

membrane, which was also negatively charged, there would be repulsion 

between the two, making the particles unable to pass through the membrane. 

The rejection rate of the single or mixed synthetic TDS solution was 

lower at 6 bar. Because, at 6 bar pressure, the driving force applied was 

greater hence made the foulant passed through the membrane and resulted in 

a lower concentration of permeate. The mechanism of separating the TDS 

solution was the same as the separation of the TSS solution. Synthetic TDS 

solution had a pH of 5 and was made from NaCl, consisting of Na+ and Cl- 

ions. It was negatively charged, and the NF270 membrane this repulsion 

occurred. The process of separating salts in membranes occurred because the 

charged membrane resists the co-ions (ions with the same charge as the 

membrane surface). 

As for the need for electron neutrality in the solution, counter-ions (ions 

whose charge differed from the membrane surface), namely Na+, were also 

rejected by the membrane, resulting in salt retention. The permeate 

concentrations provided in Table 2 were then compared with the Minister of 

Health Decree of the Republic of Indonesia quality standard No. 907 of 2002 

and Minister of the Environment Decree No. 113 of 2003 concerning Coal 

Waste Water Quality Standards. 

 Of all the parameters tested at three operating pressures, both single and 

mixed feeds, permeate quality produced met the quality standards for COD, 

Fe, and TSS. Overall, these results indicated that the NF270 nanofiltration 

membrane's performance in reducing COD concentrations, TSS, TDS, and 

Fe, Mn ions was excellent at the pressure of 6 bar. This pressure of 6bar was 

then used to compare the flux phenomenon that occurred and the rate of 

rejection produced in the original mine acid water. 

3.4 Treatment of Acid Mine Drainage of a Coal Mine in South 
Kalimantan 

The acid mine drainage from South Kalimantan, which in the discussion 

will be referred to as original acid mine drainage, was treated using NF270 

nanofiltration membrane at operating pressure 4, 5, and 6 bar. It was found 

that the permeate quality met the quality standard in some parameters at all 

pressures. Nanofiltration membranes could reduce energy consumption 

because they were operated under low pressure, nanofiltration as the final 

treatment could be more beneficial in process efficiency and energy use. The 

higher the energy used, the higher the cost of its use. 

Fig. 3g shows the flux decreased stably until the 120th minute for all 

pressures. The flux decrease was likely to occur due to initial  
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deposition/foulant adsorption on the membrane surface and fouling process 

involved physical and chemical interactions between the foulant and the 

polymer's surface, affected by temperature feed solution. The decrease in 

flux that occurred was certainly different from that in the original or mixed 

acid mine drainage feed. Thus the fouling occurred faster on the membrane. 

Explain Table 3; It was also caused differences in concentration between the 

synthetic acid mine drainage and the original acid mine drainage. More 

solutes adsorbed on the membrane surface caused a decrease in flux and 

affected the rejection rate. 

 

          Table 3. The rejection rate of original and synthetic acid mine drainage 

 

Parameter 

NF270 Nanofiltration (6 bar) 

Original Acid Mine Drainage 

(%R) 

Synthetic Acid Mine Drainage 

(%R) 

COD 100 100 

TSS 100 100 

TDS 54 53 

Fe 100 100 

Mn 100 100 

 

Table 3 shows that the COD, TSS, Fe, and Mn rejection rates were as 

high as the original acid mine drainage in synthetic solution. The original 

solution generated a higher rejection rate than the synthetic solution for the 

TDS rejection rate. The COD parameters, TSS, Fe, and Mn, reached a 100% 

rejection rate for both original and synthetic solutions. NF270 membrane had 

a pore size of 200 Da, which made it a good ability to carry out the 

separation process. In this study, the influence of pore size and charge 

interaction was the factors that determined the rejection rate in the use of 

NF270 membrane. In other words, during the process of acid mine drainage 

filtration, there were two processes involved, namely the sieving mechanism 

and the attractive force between membrane charges and solution. In 

nanofiltration membrane (charged membrane), the rejection amount was 

more determined by the interaction between charges than the size of the 

molecular weight cut off. The sieving mechanism, the membrane filtration 

process, was caused by the membrane's selective nature, which could hold 

colloids larger than the membrane's pore size and could pass other particles 

smaller than the membrane pore. 

Meanwhile, we reviewed the interaction of the charge between the 

membrane and solution, previously proven where the interaction between the 

membrane charge and the charge of a similar solution caused the rate of 

membrane rejection of the solution to increasing. There was an interaction 

between the positive charge on iron hydroxides and the negative charge 

present on the NF 270 membrane for the Fe infiltration process. What caused  
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the rejection of the NF270 membrane to high. Likewise, for Mn, in the 

filtration process, there was an interaction between the positive charge in 

manganese peroxide and the negative charge in the NF270 membrane. 

                   3.5 Characterization of Fouling on Membrane Surface 

Characterization analysis of fouling on NF270 nanofiltration membrane 

was done using SEM. It was used to determine the morphology of the 

membrane at the top layer of the NF270 membrane. The analysis was carried 

out on a new membrane, membrane after treatment using original acid mine 

drainage and the mixture of synthetic acid mine drainage. SEM results with a 

magnification of 10.000x can be seen in Fig. 4 

  

   

Figure 4. Membrane surfaces at 10.000x magnification((a) Fresh membrane, (b) 

Membrane after synthetic acid mine drainage filtration, and (c) Membrane after 

original acid mine drainage filtration) 

 
Fresh NF270 membrane (Fig. 4a) had a smooth surface morphology, 

explain in Figure 4. Because the membrane was still clean, and there were no 

impurities on its surface. After the filtration of synthetic acid mine drainage  
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(Fig. 4a) and original acid mine drainage (Fig. 4c), aggregates were seen that 

spread over the membrane surface. The presence of aggregates indicated the 

occurrence of membrane fouling. The fouling mechanism that occurs was the 

cake layer formation. It was caused by the interaction between the membrane 

and the feed solution. 

The formation of cake layer formation in Fig. 4b was caused by H.A.'s 

presence in the solution of synthetic acid mine drainage. The solution was 

made from neutral H.A. Besides; synthetic acid mine drainage also contained 

NaCl, FeCl3, and kaolin, each compound having a charge that could 

influence the process of fouling. According to Yukselen & Kaya (2002), the 

existence of monovalent cations could cause potentially more negative zeta 

due to cation exchange with H+ from the system. When this ion exchange 

occurs, the EDL thickness increased as it increased. The kaolin potential zeta 

due to divalent cations (Fe3+) was smaller than monovalent cations. The 

higher the ion concentration or the increasing valence of the ion, the smaller 

the EDL thickness and caused lower zeta potential. 

 In general, the cations in NaCl and FeCl3 caused the colloidal stability 

to be disrupted so that each colloid's aggregate was formed. The presence of 

a reaction between colloids and cations affected fouling and rejection rates. 

The more cations adsorbed on kaolin, the higher the salt rejection rate. The 

existence of the cake layer formation affected the separation to produce a 

high rejection rate [24]. As seen in the picture, the formation of the cake 

layer formation could be caused due to various things. One of them was 

because there were still suspended solids that had not been removed from the 

nanofiltration membrane. According to [26], based on colloidal particle size 

and membrane pores, colloidal fouling might occur with particles 

accumulating on the membrane surface and forming a cake or penetration in 

the membrane pore. 

For solutions containing organic compounds where only a few suspended 

solids were present, this caused an increase in the absorption of organic 

compounds in the membrane [13]. In charged organic compounds, 

electrostatic attraction-repulsion between compounds and membranes 

influenced the level of fouling [24]. Besides, organic and inorganic 

compounds in acid mine drainage also played an important role in forming 

fouling because it allowed the interaction between existing components. 

Possible interactions were organic compounds with colloids, organic 

compounds with metals, colloids, in contrast to synthetic acid main drainage, 

which the only usedHA which had a neutral charge, in the original acid mine 

drainage, there were more types of organic compounds with different 

payloads. According to [22], organic fouling decreased flux due to 

adsorption or deposition of colloidal or dissolved organic compounds. 

Organic compounds were adsorbed or deposited on the membrane surface or 

in colloids. 
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4 Conclusion 

 
The NF270 nanofiltration membrane's performance in acid mine 

drainage treatment was assessed in flux profile and rejection rates. There was 

a decrease in flux profile when removing COD, TSS, TDS, Fe, and Mn 

parameters. Decreased flux profile indicated fouling on the membrane 

surface. In single synthetic acid mine drainage, the COD rejection rate 

reached 76%, Fe and TSS by 100%, and TDS by 42%, while for mixed 

synthetic acid mine drainage, the COD rejection rate reached 100%, Fe, Mn, 

and TSS by 100%, and TDS by 53%. 

Operating pressure, which acted as a driving force, affected the 

performance of the NF270 nanofiltration membrane. Of the three pressures 

studied (4, 5, and 6 bar), the optimum operating pressure of 6 bar was used to 

remove COD, Fe, TDS, and TSS. This operating pressure generated the best 

quality permeate, which met the quality standards in many parameters. There 

were two separate processes involved in treating acid mine drainage using 

the NF270 nanofiltration membrane, sieving mechanism, and the attractive 

force between the membrane charge and the solution. The existence of these 

two separation processes caused fouling and lowers the flux profile. The 

rejection rate produced for the COD parameters was 100%, Fe, Mn, and TSS 

by 100%, and TDS by 53-54%. 
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