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 Acid Mine Drainage (AMD) contains Fe(II) and Mn(II) metals, which can 

cause environmental pollution. This research aimed to investigate the 

potency of activated carbon made from coal as an adsorbent in AMD 

treatment. The carbon was made of coal and activated with H3PO4 in a 

weight ratio of 40%, 800°C for 120 minutes while supplying 1.5 L/min of 

nitrogen during the carbonization process. The result shows that BET 

surface area, total pore volume, and iodine number were 296.4 m2/g, 0.156 

cc/g, and 1,205 mg/g, respectively. The surface contained many fractures, 

channels, and big holes, as evidenced by the FT-IR and SEM 

investigations, and it also had acidic surface functional groups. The 

optimum contact time adsorption for AMD treatment was 30 minutes, and 

the first concentration of Fe(II) and Mn(II) metals affected the adsorption. 

The optimum removal of Fe(II) in AMD treatment was 95.27% at an initial 

concentration of 3.51 ppm, while the optimum removal of Mn(II) was 

99.82% at an initial concentration of 5.71 ppm. This activated carbon has 

a considerable potency to be used as the adsorbent in AMD treatment to 

reduce Fe(II) and Mn(II) levels. 
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Introduction 

The acid mine drainage (AMD) that is formed can have 

an impact on physical, chemical, biological, 

ecological, and socio-economic conditions. AMD has 

a pH range of 2 to 5 and can result from coal mining 

activities such as removing overburden, coal 

excavation, and material washing because water and 

oxygen present cause sulfide minerals to oxidize into 

sulfuric acid (Kefeni et al., 2017; Skousen et al., 2019). 

Besides having a low pH, AMD contains heavy metal 

ions such as Fe, Mn, Cd, Co, Zn, and Ni due to the 

interaction of AMD with various types of mineral ores 

(Akcil and Koldas, 2006; García-Valero et al., 2020). 

Under chemical conditions, there is an increase in 

heavy metals in surface water and groundwater 

(Acharya and Kharel, 2020). AMD that is directly 

discharged into the environment can cause water 

pollution, corrosion of mining equipment, and damage 

the balance of aquatic ecosystems (Indra et al., 2014). 

This pollution condition can have a bad impact on the 

surrounding environment if AMD is not managed 

properly. Actions to prevent the formation of AMD 

have been attempted, one of which is the application 

of encapsulation. However, the formation of AMD 

cannot be avoided, so efforts need to be made to treat 

AMD in various forms, both through active and 

passive processing (Nishimoto et al., 2021).                
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This research was carried out on a laboratory scale to 

see the potential for AMD treatment by using activated 

carbon adsorbents to minimize the impact of AMD on 

the surrounding environment, especially on land 

around the mining area. 

Various methods have been carried out in 

processing AMD to meet the standard of mine waste, 

where the pH is between 6 and 8, the TSS content is 

≤200 ppm, the Fe(II) metal content is ≤7 ppm and the 

Mn(II) metal content is ≤4 ppm (Regulation of the 

Ministry of Environment no 113, 2003). A method to 

reduce Fe(II) and Mn(II) metals in AMD waste is the 

use of adsorbents such as activated carbon, which has 

a large surface area, a regular pore structure, and 

functional groups on the surface, allowing the 

adsorption process (Kaur et al., 2018). Numerous raw 

materials with high carbon content can be used to 

produce activated carbon, namely coconut shells 

(Jibril et al., 2013; Liang et al., 2020), palm shells 

(Ibrahim et al., 2014), coffee grounds (Pagalan et al., 

2019), oleaster (Yagmur et al., 2020), biomass 

(Abioye and Ani, 2017; Ahmed et al., 2019), rubber 

seed shell (Sun and Jiang, 2010), sawdust (Intan et al., 

2016), fluted pumpkin stem waste (Ekpete and 

Horsfall, 2011), peanut shells and rice husk (Ragadhita 

and Nandiyanto, 2021), honeydew peel (Yunus et al., 

2015), oil palm empty fruit bunch wastes (Wirasnita et 

al., 2015) and candlenut shell (Nandiyanto et al., 

2023). However, the resources are limited, which 

renders it difficult to meet the need to synthesize 

activated carbon at an industrial scale.  

The use of low-rank coal, having abundant and 

easily accessible reserves, is required to get the 

activated carbon with high adsorption properties that 

can be applied on an industrial scale. The activated 

carbon from the coal has been produced using various 

activation and surface modification techniques and has 

been applied as an adsorbent. Monika (2017) has made 

activated carbon from coal by activating a mixture of 

KOH and NaOH to adsorb CO gas. Anbia and 

Amirmahmoodi (2016) modified the surface of        

coal-activated carbon using surfactants to adsorb Hg 

and Mn(II) metals. Coal has been used in the 

production of activated carbon by Li et al. (2018) and 

Li et al. (2020), which produces highly effective Fe(II) 

dye adsorbent. 

The activated carbon made from coal has the 

potency to be adsorbent in AMD processing to reduce 

Fe(II) and Mn(II) levels of metals. The carbon itself 

has been activated using ZnCl2, and its application in 

liquid waste can adsorb Fe(II) metal by 96% 

(Suliestyah et al., 2020a). The adsorption of coal-

activated carbon with ZnCl2 activation on Fe(II) and 

Mn(II) metals in AMD has been carried out, which 

resulted in the adsorption of 99.7-100% Fe(II) and 

26.5–56 Mn(II)% (Suliestyah et al., 2020b), 

(Suliestyah et al., 2021a). The results showed that 

coal-activated carbon has a high adsorption capacity 

for Fe(II) metal but is still low for Mn(II) metal. Thus, 

it is necessary to explore alternative methods, such as 

the H3PO4 activation method, to improve the ability of 

the activated carbon to adsorb the Mn(II) metal. 

The production of activated carbon from coal by 

activating a mixture of H3PO4 and NH4HCO3 has been 

carried out by Kusdarini et al. (2017), which produced 

a highly effective adsorbent with an iodine number of 

1,238.5 mg/g. The production of activated carbon from 

coal by activating H3PO4 has been carried out by 

Sitorus (2015). The resulting activated carbon can 

adsorb 38.78% Mn(II) metal in artificial AMD with an 

initial concentration of 25 ppm at pH 3. The activation 

of H3PO4 in the process of making activated carbon has 

also been carried out by Esterlita and Herlina (2015), 

which produces activated carbon with an iodine 

number of 767.745 mg/g, and Sun et al. (2016), which 

produced activated carbon with a surface area of 1,252 

m2/g. The object of this study was the manufacture of 

activated carbon with coal as a raw material, using 

phosphoric acid for activation. The resulting activated 

carbon was used as an adsorbent to reduce Fe and Mn 

metal levels in laboratory-scale acid mine drainage 

(AMD) treatment. 

Materials and Methods 

In this research, the production of activated carbon 

from coal was carried out using H3PO4 activation, a 

mixture of 60% coal and 40% H3PO4. The resulting 

carbon was applied as an adsorbent to Fe(II) and 

Mn(II) metals in artificial AMD, with the aim of seeing 

its potential in AMD treatment. Characterization of the 

activated carbon included proximate quality, iodine 

number, surface area, surface morphology, and 

infrared absorption of functional groups on the surface 

of activated carbon. Laboratory-scale applications 

used artificial AMD to carry out adsorption tests on 

Fe(II) and Mn(II) metals. 
The coal samples were brought from PT Bukit 

Asam, Bangko Barat Mining Pit 1 Layer A2 Tanjung 

Enim, South Sumatra, Indonesia. To remove any 

moisture that might have been retained during the 

storage procedure, coal samples that had been prepared 

to 60 mesh size were put in a drying oven at 105°C for 

one hour. The samples were chemically activated 

using 60% coal and 40% H3PO4. Afterward, the 

samples were heated to 800°C in an airtight reactor 

with nitrogen flowing through it at a rate of 1.5 liters 

per minute for one hour in order to carbonize them. 

Next, hot water was used to wash and then dry the 

activated carbon. The choice of phosphoric acid 

activator is because this compound has high thermal 

stability and covalent character, so it is expected to 

increase adsorption and maximize activated carbon's 

potential as an adsorbent. This phosphoric acid 

functions to bind non-carbon impurity compounds so 

that the pores on the carbon will be more open (Lestari 

et al., 2016). 

Artificial AMD was made from standard 

solutions containing 1,000 ppm Fe(II) and 1,000 ppm 

Mn(II). Each solution was diluted with distilled water, 
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and the dilution results for two concentration 

variations of each solution were mixed and measured 

by applying AAS method for setting the concentration 

of Fe(II) and Mn(II); this solution was an artificial 

AMD. AMD samples were taken from the coal mining 

site of PT Banjarsari Pribumi, in the Banjarsari area, 

Lahat Regency, South Sumatra, Indonesia. Coal 

samples were taken from the mining site at Bangko 

Barat Mining, PT Bukit Asam, Tanjung Enim, South 

Sumatra, Indonesia. 

In the process of characterizing activated carbon, 

a scanning electron microscope was used for analyzing 

the surface morphology (SEM- Jeol JSM-IT200), and 

using the Surface Area Analyzer (SAA) and Brunauer-

Emmett-Teller (BET) technique, surface area, pore 

volume, and pore diameter were investigated. The 

surface's functional groups were identified using the 

Fourier-Transform Infrared Spectroscopy (FT-IR) 

method. The results of testing for Fe(II) and Mn(II) 

levels, both before and after activated carbon 

treatment, were carried out using the Atomic 

Absorption Spectroscopy (AAS) method. The 

proximate analysis included moisture content (ASTM 

D.3173), ash content (ASTM D.3174), volatile matter 

content (ASTM D.3175), and bound carbon (ASTM 

D.3172). Meanwhile, the sulfur content used the 

ASTM D.3177 method, and the calorific value used 

the ASTM D.5685 method.  

Adsorption capacity was measured by the iodine 

number. Utilizing the activated carbon that had been 

baked in an oven, weighted up to 0.5 g, and placed in 

an erlenmeyer, the amount of iodine that could be 

adsorbed was determined. Iodine 0.1 N solution of 50 

mL was applied to the sample, which was then left for 

15 minutes while being shaken. Then, 10 mL of the 

filtrate was collected and titrated with a 0.1 N Na2S2O3 

solution. The iodine number was determined using 

ASTM D4607-94 method. 

Activated carbon adsorption testing was carried 

out on a laboratory scale using artificial AMD and 

AMD samples taken from coal mining sites. Two 

grams of activated carbon were combined with 200 mL 

of artificial AMD and AMD samples in a different 

container. Then, this mixture is put into a shaker that 

is set to 150 rpm and 25oC. The contact time used 

could be anywhere between 30, 60, 90, 120, and 150 

minutes. The study examined how contact time affects 

the elimination of the metals Fe(II) and Mn(II). The 

AAS was used to compare the concentration of metal 

ions in AMD before and after adsorption in order to 

assess the ability of activated carbon to get rid of Fe(II) 

and Mn(II) ions. 

The quality of the coal used as a raw material was 

assessed. Table 1 shows the results of the proximate 

analysis, calorific value, and sulfur. Based on the 

finding in Table 1, the coal used to make activated 

carbon has Sub-Bituminous B quality.  
Based on the result of dilution in the standard 

Fe(II) and Mn(II) solutions, two initial concentrations 
were obtained, which can be seen in Table 2, which 

shows the initial concentration in artificial AMD 
before treatment using activated carbon. 

Table 1. Results of the analysis of coal quality.  

No Analysis Parameters Analysis 
Results 

1 Moisture (%, adb) 12.85 

2 Ash (%, adb) 1.305 

3 Volatile Matter (%, adb) 41.7256 

4 Fixed Carbon (%, adb) 44.1194 

5 Total Sulfur (%, adb) 0.095 

6 Calorific Value (cal/g, 

adb) 

5,445.06 

 

Table 2. Initial concentrations of Fe(II) and Mn(II).  

No Concentration Sample 1 Sample 2 
1 Fe(II) 18.88 38.11 

2 Mn(II) 11.00 18.77 

 
From the coal mining site of PT Banjarsari Pribumi, in 

the Banjarsari area, Lahat Regency, South Sumatra 

Indonesia, the initial concentration of Fe(II) and 

Mn(II) is presented in Table 3.  

Table 3. Initial concentrations of Fe(II) and Mn(II) 

from the coal mining site. 

No Fe(II) and Mn(II) Concentration (ppm) 
1 Fe(II) 3.51 

2 Mn(II) 5.71 

Result and Discussion 

The iodine number is a parameter that shows the 

adsorption capacity of the activated carbon with an 

increase in pore size and surface area. New pores 

develop on the coal surface as a result of the 

carbonization process, and the activation of the acid 

prevents the formation of tar, which can close the 

pores. Phosphoric acid, which is hygroscopic, absorbs 

water in the coal before the carbonization process 

(Verayana et al., 2018). Table 4 shows the iodine 

number of coal, the activated carbon from coal without 

chemical activation, and the activated carbon from 

coal with H3PO4 activation. In Table 4, it appears that 

carbonization of coal can significantly increase the 

iodine from 310 mg/g to 1,043 mg/g, and activation of 

H3PO4 can increase the iodine from 1,043 mg/g to 

1,206 mg/g. Activation with H3PO4 in this study 

resulted in a higher iodine number compared to the 

activated carbon made by Sun et al. (2016) (645 mg/g), 

Kurniawan et al. (2014) (219 mg/g)  and by Yunus et 

al. (2015) (734-942 mg/g) which used coconut shell as 

raw material, and by Husin et al. (2020) (1,080 mg/g) 

which used durian peel as raw material. Table 5 shows 

a comparison between iodine number and proximate 

analysis compared to the quality standard of activated 

carbon based on SNI 06-3730-1995. 



Suliestyah et al. / Journal of Degraded and Mining Lands Management 11(3):5755-5765 (2024) 

  

Open Access                                                                                                                                                        5758 

 

Table 4. Iodine number. 

No Sample Type Iodine Number 
(mg/g) 

1 Coal    310 

2 Activated carbon without 

chemical activation 

1,043 

3 Activated carbon with 

chemical activation of 

H3PO4 

1,205 

As shown in Table 5, the moisture, ash, and volatile 

matter content have decreased, compared to those in 

coal (Table 1), because the carbonization process at a 

temperature of 800oC has removed most of the 

moisture and volatile matter content in the coal. Table 

5 shows that water content, ash content, and iodine 

numbers meet the standards for activated carbon as 

regulated in SNI  06-3730-1995. However, the volatile 

matter and bound carbon content do not meet this 

standard, for the time for carbonization is only 1 hour. 

Table 5. Comparison of activated products with standards 

No Parameter Activated carbon with H3PO4 
activation 

Quality Standard of Activated 
Carbon SNI 06-3730-1995 

1 Moisture (%, adb) 9.1 Max 15 

2 Ash (%, adb) 1.33 Max 10 

3 Volatile Matter (%, adb) 30.3 Max 25 

4 Fixed Carbon (%, adb) 59.3 Min 65 

5 Iodine Number 1,205 750 

 
Table 6 shows the BET surface area, total pore volume, 

and average pore diameter of the coal-derived 

activated carbons. The outcomes demonstrate its 

effectiveness as an activating agent to create the 

activated carbons with a high surface area and 

porosity. The activated carbons were carbonized using 

H3PO4 to improve their surface area and porous 

structure. 

Table 6. Surface area, total volume, and pore radius. 

No Sample Surface area 
(m2/g) 

Total Pore 
Volume (cc/g) 

Average Pore Radius 
(Å) 

1 Coal       2.78 0.004 27.32 

2 Activated carbon activated by H3PO4 296.4 0.156 10.54 

 

Activation with H3PO4 in this study resulted in a higher 

BET surface area compared to the activated carbon 

made by Husin and Hasibuan (2020) (44.3 m2/g) and 

by Retno et al. (2016) (61.8 m2/g) but lower BET 

surface area compared to the activated carbon made by 

Kurniawan et al. (2014) (386 m2/g). Table 6 shows a 

noticeable increase in surface area from 2.78 m2/g (raw 

material coal) to 296.4 m2/g (activated carbon). The 

total pore volume also experienced a sharp increase 

from 0.004 cc/g (coal) to 0.156 cc/g (activated carbon). 

The surface area of this activated carbon is higher than 

that of the activated carbon made from durian peels 

with H3PO4 activation of 86.2 m2/g (Husin and 

Hasibuan, 2020). The increased surface area of 

activated carbon is due to the activation process using 

H3PO4, which binds water to H3PO4, which is 

hygroscopic. This water binding can prevent the 

formation of tar during the carbonization process, so 

that the pores that are formed are not covered by tar. 

When more pores are formed, they will expand the 

surface of the activated carbon (Kurniawan et al., 

2014). 

A factor that affects the adsorbent's capacity to 

adsorb is the shape of the pore surface. The pores 

contained in activated carbon can increase adsorption 

because these pores are gaps that expand the surface of 

activated carbon. The coal and activated carbon from 

coal with the highest surface area were exposed to the 

SEM to investigate the surface morphology of the 

samples. The SEM images of the coal and the activated 

carbon are shown in Figures 1 and 2. The surface 

morphology of the coal and the activated carbon 

sample differ significantly from one another. 

Compared to activated carbon, the coal's surface is 

slightly smoother and has fewer Fe(II) cavities and 

fissures. According to the BET surface area value (2.8 

m2/g), it can be shown that the coal has a thick wall 

structure and only a small amount of porosity (Figure 

1). This is because most of the pores in coal are still 

covered by hydrogen, tar, and other compounds 

consisting of ash, water, nitrogen, and sulfur. After the 

activation and carbonization processes, the raw 

material's thick wall opened up, and the result was a 

broader porosity in relation to the increase in surface 

area to 296.4 mg/g (Figure 2). Surface functional 

groups on the activated carbon were studied through 

FT-IR analysis (Figure 3). The FT-IR spectra of coal 

and activated carbon are displayed in Figures 1 and 2. 

After the activation, several of the prominent peaks 

seen in the coal vanished. In particular, it was found 

that the intensities of the 1,639-1,587/cm C–C 

stretching vibrations in aromatic ring bands and the 

2,916-2,850/cm aliphatic C–H vibrations were 

decreased. This condition might have a relation to the 

activation-induced breakdown of cellulose, 

hemicellulose, and lignin in the coal. The presence of 
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the OH stretching vibration of alcohol, phenol, or 

carboxylic acid is indicated by the broad and flat band 

at 3,300-3,400/cm. C-H stretching is represented by 

the faint peaks at 1,289/cm. Functional groups on the 

surface of this activated carbon have free electrons, 

allowing the bonding with metal ions to occur, thereby 

reducing the levels of Fe(II) and Mn(II) metals in the 

waste (Kiliç et al., 2012; Husin and Hasibuan, 2020). 

 

  

Figure 1. SEM of coal. Figure 2. SEM of activated carbon. 

 
Figure 3. FT-IR of coal and activated carbon.  

 

Table 7 shows the changes in the concentration of 

Fe(II) metal with initial concentrations 18.88 ppm and 

38.11 ppm. Data at 0 minutes is the initial condition, 

and adsorption occurs at various contact times of 30, 

60, 90, 120, and 150 minutes. The data in Table 7 is 

depicted as a graph of the reduction in Fe(II) 

concentration in Figure 4 and the percentage of Fe(II) 

uptake by activated carbon in Figure 5. Figure 4 shows 

that the Fe(II) removal occurs at 30 to 150 minutes. A 

very sharp decrease in the curve occurred at 30 
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minutes, which showed a significant decrease in Fe(II) 

concentration, where at an initial concentration of 

18.88 ppm, it fell to 1.15 ppm (93.9% decrease), and 

at an initial concentration of 38.11 ppm, it fell to 10.97 

ppm (71.2% decrease). After 30 to 150 minutes, the 

curve appeared to be sloping, which indicated that 

Fe(II) removal was not significant. At an initial 

concentration of 18.88 ppm, the maximum removal 

occurred at 150 minutes at 94.9%, and for an initial 

concentration of 38.11 ppm, it occurred at 150 minutes 

at 75.29%. The percentage of Fe(II) removal is shown 

in Figure 5. 

Table 7. The Fe(II) removal after adsorption. 

Contact time of adsorption (minutes) 0 30 60 90 120 150 
Concentration of sample 1 (ppm) 18.88   1.15 1.14      1.1 0.97 0.95 

Concentration of sample 2 (ppm) 38.11 10.97 10.618  9.819 9.98 9.41 

 

 
Figure 4 Reduction of Fe(II) concentration. 

 
 
 

 
Figure 5. Percentage of Fe(II) removal. 

 

At a lower initial concentration (18.88 ppm), the 

percentage of Fe(II) adsorption ranged from 93.9-

94.9%, but at a higher initial concentration (38.11 

ppm), the percentage of Fe(II) adsorption decreased to 

around 71.2-75.29%. Table 8 shows the changes in the 

concentration of Mn(II) metal with the initial 

concentrations of 11 ppm and 18.77 ppm. Data at           

0 minutes is the initial condition, and adsorption 

occurs at various contact times of 30, 60, 90, 120, and 

150 minutes. The data in Table 8 is depicted as a graph 

of the reduction in Mn(II) concentration in Figure 6 

and the percentage of Fe(II) uptake by activated carbon 

in Figure 7. Figure 6 shows the concentration of Mn(II) 

ions in ppm units. At minute 0, the initial concentration 
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before the adsorption of activated carbon occurs. 

Mn(II) removal occurs at 30 to 150 minutes. There are 

two curves of decreasing Mn(II) concentration with 

different initial concentrations. A very sharp decrease 

in the curve occurred at 30 minutes, which showed a 

significant decrease in Mn(II) concentration, in which 

an initial concentration at 11 ppm led to the decrease 

to 4.66 ppm (57.63% decrease), and at the first 

concentration of 18.77 ppm, it decreased into 9.51 ppm 

(49.26% decrease). After 30 to 150 minutes, the curve 

appeared to be sloping, which indicated that Mn(II) 

removal was not significant. At the first concentration 

of 11 ppm, the maximum removal occurred at 120 

minutes at 65.54%. Meanwhile, for an initial 

concentration of 18.77 ppm, it occurred at 150 minutes 

at 50.38%.  

Table 8. The Mn(II) removal after adsorption. 

Concentration Contact time of adsorption (minutes) 
 0 30 60 90 120 150 

Concentration of sample 1 (ppm) 11 4.66 4.64     4.7164    3.7979 4.6927 

Concentration of sample 2 (ppm) 18.77 9.51 9.34 9.35 9.44     9.3 

 

 

Figure 6. Reduction of Mn(II) concentration. 
 
 

 

 

Figure 7. Percentage of Mn(II) removal. 
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The percentage of Fe(II) removal is shown in Figure 7. 

The percentage of Mn(II) adsorption varied between 

57.18 and 65.54% at a lower initial concentration (11 

ppm) but reduced to roughly 49.26 to 50.38 percent at 

a higher initial concentration (18.77 ppm). This study 

shows that the activated carbon treatment on artificial 

AMD is proven effective for reducing Fe(II) and 

Mn(II) metals. Figures 5-7 indicate that the most 

effective contact time in the adsorption process was 30 

minutes, which resulted in the greatest percentage of 

Fe(II) and Mn(II) removal. Therefore, this study 

continued with the activated carbon treatment on 

AMD samples collected from the coal mining site of 

PT Banjarsari Pibumu, South Sumatra (Table 9).  

 

Table 9. The Fe(II) and Mn(II) removal after adsorption. 

Concentration Contact time (minutes) 
 0 30 60 90 120 150 
Concentration of Fe(II) 3.51 0.16 0.17 0.17 0.15 0.16 

Concentration of Mn(II) 5.71 0.01   0.006   0.007   0.005   0.008 
 

 

Table 9 shows the changes in the concentration of 

Fe(II) and Mn(II) metal in the initial conditions before 

treatment (0 minutes) and the concentration left in 

AMD after adsorption by activated carbon with the 

contact times of 30, 60, 90, 120, and 150 minutes. The 

data in Table 9 is depicted as a graph of the reduced 

concentration of Fe(II) and Mn(II) in Figure 8 and the 

percentage of Fe(II) and Mn(II) uptake by activated 

carbon in Figure 9. Figure 8 shows the concentration 

of Fe(II) and Mn(II) ions in ppm units in AMD from 

the coal mining site. A very sharp decrease in the curve 

occurred at 30 minutes, which showed a significant 

decrease in Fe(II) concentration, where from an initial 

concentration of 3.51 ppm Fe(II) to 0.166 ppm (95% 

decrease).    

At an initial Mn(II) concentration of 5.71 ppm, 

Fe(II) decreased to 0.01 ppm (99.8% decrease). After 

30 to 150 minutes, the curve appeared to be sloping, 

which indicated that Fe(II) and Mn(II) removal was 

not significant. For Fe(II) removal, the maximum 

removal occurred at 120 minutes at 95.72%, and for 

Mn(II) removal, it occurred at 60 minutes at 99.89%. 

The percentage of Fe(II) and Mn(II) removal is shown 

in Figure 9. 
 

 
Figure 8. Reduction of Fe(II) and Mn(II).  

 

 

In artificial AMD treatment with high concentrations 

of Fe(II) and Mn(II), the Fe(II) removal is more 

effective than that of Mn(II). The adsorption capacity 

will increase with increasing electronegativity. 

Because the charge on the Fe(II) ion drew more 

strongly toward the atomic nucleus than the Mn(II) ion 

did in the electron orbital, Fe(II) has a smaller ionic 

radius than Mn(II. The microporous nature of the 

activated carbon utilized makes it easier for tiny metal 

ions to become trapped inside its pores. Treatment of 

AMD from coal mining sites shows that the Fe(II) and 

Mn(II) removal do not differ significantly because the 

initial concentrations of Fe(II) and Mn(II) are low. In 

all AMD treatment trials with the use of activated 

carbon, the first concentration affected the adsorption 

capacity, in which higher initial concentrations of Fe 

and Mn led to a lower percentage of adsorption. This 

is because the activated carbon surface has a certain 
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adsorption capacity for each metal. If metal adsorption 

has reached its maximum capacity, the adsorption 

process decreases. In comparison to the earlier 

research, which included the adsorption of Fe(II) of 

85.32% (Sianipar et al., 2016), 96.24% (Suliestyah et 

al., 2020a), and 98.23% (Suliestyah et al., 2021b), this 

study produced almost the same adsorption of Fe(II) 

(95.7%).

 

 

Figure 9. Percentage of Fe(II) and Mn(II).  

 

The result of this study's Mn(II) adsorption (99.9%) 

was greater than that of earlier research, which 

reported Mn(II) absorption of 26.3% (Suliestyah et al., 

2021a), 56% (Suliestyah et al., 2020b) and 92.89% 

(Sitorus, 2015), respectively. This study showed that 

the activated carbon made from coal with H3PO4 

activation has a high adsorption capacity for Fe(II) and 

Mn(II) metals in artificial AMD waste, thus having a 

potency to be used as an adsorbent in AMD treatment. 

Conclusion 

The characterization of activated carbon with H3PO4 

activation revealed that the BET surface area, total 

pore volume, and iodine number were 296.4 m2/g, 

0.1562 cc/g, and 1206 mg/g, respectively. The FT-IR 

and SEM analyses showed that the surface had acidic 

surface functional groups and was extremely porous, 

with numerous fractures, channels, and sizable holes. 

Treatment of activated carbon in artificial AMD 

showed that adsorption was affected by the initial 

concentration of Fe(II) and Mn(II) metals. The greater 

the initial concentration of Fe(II) and Mn(II), the lower 

the adsorption power of activated carbon. The results 

showed that AMD adsorption treatment using H3PO4 

activated carbon was achieved at 30 minutes of the 

optimum contact time, with a percentage of Fe(II) 

removal of 95.27% and a percentage of Mn(II) 

removal of 99.82%. The findings of this study suggest 

that the use of coal-activated carbon with H3PO4 

activation as an adsorbent in AMD treatment to lower 

Fe(II) and Mn(II) levels has a very high potential. 
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