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In this study, activated carbon (AC) used as a high-efficiency and low-cost 

for ammonium ion (NH4
+) adsorbent was synthesized, for the first time from 

durian peel by a one-step chemical activation process using phosphoric 

acid. The effects of pH, contact time, initial concentration, and adsorbent 

dose on the NH4
+ adsorption in aqueous solution were investigated in 

detail. The as-synthesized AC was characterized by X-ray diffraction 

(XRD), thermogravimetric analysis (TGA), scanning electron microscopy 

(SEM), Fourier transform infrared spectroscopy (FTIR), and Brunauer-

Emmett-Teller method (BET). As a result, AC from durian peel was 

successfully synthesized at a calcination temperature of 600oC, phosphoric 

acid concentration of 20% and an activation temperature of 50℃. The 

optimal condition for the NH4
+ adsorption in aqueous solution was at pH 

7.0, adsorption time of 60 min., initial concentration of 40 mg/L, with an 

adsorbent mass of 0.1 g. The adsorption kinetics and adsorption isotherm 

of NH4
+ adsorption process showed that the adsorption process was fitted 

to pseudo-second-order kinetic model and Freundlich adsorption 

isotherm, indicating a physical and multilayer adsorption process. In 

general, this study provides an efficient, cost-effective adsorbent for NH4
+ 

removal from aqueous solution. 
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1. INTRODUCTION 

The increase in population and industrialization in 

developing countries is occurring fast and causing 

water pollution, in which ammonium ion (NH4
+) 

contamination is one of the major challenges in 

water or wastewater treatment despite low NH4
+ 

natural level in surface water and groundwater. In 

Hanoi (Viet Nam), high ammonium concentrations 

of 55–70 mg/L were found in groundwater in Nam 

Du and Phu Lam villages (Vu et al., 2017). 

Ammonium-contaminated water is dangerous 

because it is easily converted into toxic substances 

that are difficult to be metabolized, such as nitrates, 

which affect human health, causing shortness of 

breath, sickness, anemia, and pneumonia (Huang et 

al., 2018). As a result, it is critical to discover an 

efficient method to remove NH4
+ in effluents. Many 

methods have been used to remove NH4
+ from 

aqueous solution, including adsorption, ion 

exchange, chemical reduction, among them 

adsorption is one of the most popular techniques 

because it is simple, low-cost, reliable and highly 

efficient (Moradi et al., 2011; Yahaya et al., 2011). 
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In the adsorption method, the adsorbent plays an 

essential role in removing contaminants. Adsorbents 

such as bio-char, activated carbon (AC), zeolites 

have been researched to adsorb NH4
+ from aqueous 

solution (Saleh et al., 2013; Zhu et al., 2016; Vu et 

al., 2017). Especially, AC stands out as a potential 

candidate for removal of ammonium because of its 

high surface area, porosity percentage, and excellent 

chemical stability (Zhang et al., 2022). 

AC is a form of carbon with high molecular-size 

porosity, which helps the surface area of AC to be 

very large, making it easy to adsorb and react with 

many substances (Wigmans, 1989; Heidarineja et 

al., 2020). Recently, the use of agricultural waste to 

synthesize AC for application in removing NH4
+ is 

widely used because it helps to protect the 

environment, saving input material costs and 

bringing high NH4
+ adsorption efficiency 

(Karthikeyan et al., 2008). In addition, Viet Nam is 

a Southeast Asian country, ranking 3rd in the world 

in terms of area and durian output, making a large 

amount of durian peel discharged into the 

environment (Ly et al.,2024). Moreover, the durian 

peel contains about 23% lignin, which is the main 

component in lignocellulose biomass responsible 

for the adsorption process (Suhas et al., 2007; Tan 

et al., 2017). Therefore, the durian peel can be 

considered as an abundant, renewable, and cheap 

source of raw material for AC processing.  

In this study, durian peel waste derived AC was 

prepared through one-stage chemical activation 

using H3PO4 acid. To enhance the cation exchange 

capacity, the study also considered the durian peel 

calcination temperature, activation temperature, and 

phosphoric acid concentration. Furthermore, the 

adsorption capacity of NH4
+ from aqueous solution 

using synthetic AC was conducted under the 

influence of pH, contact time, material mass, and 

initial concentration. Besides, the kinetics and 

adsorption isotherms were applied to evaluate the 

adsorption of NH4
+ on the activated carbon. 

2. MATERIALS AND METHOD  

2.1. Chemicals and materials 

Durian peels were collected from Xuan Khanh 

market at Can Tho city, Viet Nam. Hydrochloric 

acid (HCl 36-38%), sodium hydroxide (NaOH), 

phosphoric acid (H3PO4≥ 85%), ammonium 

chloride (NH4Cl), Phenol (C6H5O), ethanol 

(C2H5OH 95%), sodium nitroprusside (Na2Fe 

(CN)5NO.2H2O), tri-sodium citrate (Na3C6H5O7), 

sodium hypochlorite (NaClO 5%) was provided by 

Xilong Chemicals, China. Distilled water was 

obtained from Applied Chemical Engineering 

laboratory, Can Tho University. 

2.2.  Activated carbon synthesis 

The raw durian peel material was first washed 

several times with distilled water, then cut into 

pieces and dried to a constant mass at 105oC. After 

the drying process, the raw durian peels were ground 

and sieved with standard sieve No. 16 and No. 18 

(AS2000 Control, Retsh) to obtain the raw durian 

peel powder in size of 1.0 mm. The carbonization 

process of durian peel was investigated at 

temperatures of 500oC, 600oC and 700oC with a 

carbonization time of 60 min. After that process, 

biochar from durian peel will be formed. Next, the 

chemical activation process was carried out by 

refluxing the carbonized durian peel powder in 

phosphoric acid solution at different concentrations, 

namely 5%, 10%, 20% and 25% with the 

temperature of room temperature (~30oC), 50oC and 

70oC. After activation, the solid was filtered and 

washed with distilled water several times until pH 

(~ 6-7). Finally, AC was obtained via drying the 

solid in a vacuum dryer (Memmert VO101) at a 

pressure of 0.6 bar and a temperature of 60ºC for 6 

hours. 

2.3.  Activated carbon characterizations 

In the study, the crystal structure of the AC and 

durian peel powder was analyzed by X-ray 

diffraction (XRD) on an EMPYREAN device, 

Panalytical. Fourier transform infrared spectroscopy 

(FT-IR) was used to determine the presence of 

specific functional groups in AC and durian peel 

powder. Infrared spectroscopy measurements were 

performed on a MIR/NIR Frontier machine, 

PerkinElmer. The surface morphology and grain 

size of the material were determined through the 

results of scanning electron microscope (SEM) 

using JCM 7000, JEOL, Japan. The surface area, 

volume and pore size of the material were 

determined using the Brunauer-Emmet-Teller 

surface analysis method (BET) and analyzed on 

Nova Station A equipment (NOVA Analytical, 

Sweden). Thermogravimetric Analysis (TGA) 

method aimed to clarify the physical and chemical 

changes of material samples according to 

temperature and was performed using a Labsys Eco 

TGA/DTG 1600 thermal analyzer with a heating 

rate of 10°C/min. Ultraviolet-Visible (UV-Vis) 

spectroscopy method was measured using a 

Labomed UV-Vis spectrophotometer, UVD-3500, 

https://www.sciencedirect.com/science/article/pii/S0959652618301185#bib29
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with a wavelength of 640 nm, to determine the 

remaining concentration of NH4
+ in solution.  

The surface charge of AC was determined using the 

method of Balistrier and Muray (Balistrieri & 

Murray, 1981). Firstly, 50 mL of 0.1 M NaCl 

solution was adjusted to difference pH using 0.1 M 

NaOH and 0.1 M HCl solution. Then, 0.1 g of AC 

was added into several beakers with pH ranging 

from 2 to 11 on a shaker. After 24 h, the solution pH 

was determined. The differences in initial and final 

pH show the surface charge of AC at various pH 

points and the point of zero charge of AC (pHpzc).  
2.4. Ammonium ion adsorption by AC 

To examine the parameters that influence NH4
+ 

adsorption, the following parameters, pH (5 to 9), 

contact time (15 to 180 min), initial NH4
+ 

concentration (10 to 100 mg/L), and the AC mass 

(0.05 to 0.25 g) were investigated. To this end, a 

stock of NH4
+ solution (1,000 mg/L) was prepared 

by dissolving NH4Cl in distilled water. All working 

solutions were prepared from the stock solution by 

diluting with distilled water. The pH adjustment was 

conducted using 0.1 M HCl and 0.1 M NaOH 

solution. 

The concentrations of NH4
+ were determined by 

measuring UV-vis absorption at λmax of 640 nm 

using the phenate method (Tzollas, et al., 2010). The 

adsorption capacity q (mg/g) and adsorption 

efficiency (%) were calculated using formula (1) 

and (2): 

q =
(C0 −Ce)V

m
, (mg/g)        (1) 

H =
(C0−Ce)

C0
× 100, (%)        (2) 

where, Co and Ce is the initial concentration and the 

concentration at equilibrium (mg/L). V is the 

volume of the solution (L), m is the mass of the 

adsorbent (g).  

Adsorption kinetics is an essential metric in 

wastewater treatment because it predicts the rate of 

adsorption. In this work, kinematics equations of 

pseudo-first-order (PFO) and pseudo-second-order 

(PSO) linear form were employed. The adsorption 

of NH4
+ by AC was also evaluated using Langmuir, 

Freundlich, and Dubinin-Radushkevich adsorption 

isotherm models (Maguana et al., 2020). 

3. RESULTS AND DISCUSSION  

3.1. AC synthesis from durian peel 

In Figure 1B, when increasing H3PO4 concentration 

from 5% to 20%, the efficiency increases from 

51.54% to 59.45% as shown in Figure 1B. Indeed, 

raising the activator concentration improves surface 

area and pore volume, leading to a better adsorption 

capacity, which is due to the intensive interaction 

between H3PO4 molecules and carbon structure 

(Ismail et al., 2010; Damayanti et al., 2023). 

However, the increase in pore size is not significant 

at activator concentration exceeding 20%. 

Specifically, the adsorption efficiency at 25% acid 

is 60.02%, which is almost similar to the 59.45% 

efficiency at 20% acid. This shows that the 

interaction between H3PO4 molecules and carbon 

structure has reached an equilibrium state at an acid 

concentration of 20%, so the expansion of pore 

diameter increases insignificantly as increasing the 

acid concentration, leading to little change in 

adsorption efficiency (Liu et al., 2019). Therefore, 

20% acid is suitable for preparing AC from durian 

peel to adsorb ammonium ion. 

 

Figure 1. Effect of pyrolysis temperature (A), 

acid concentration (B), activation temperature 

(C) on AC adsorption properties 

(A)

(C)

(B)
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In addition to the pyrolysis temperature and acid 

concentration, the activation temperature of carbon 

with acid affects the NH4
+ adsorption efficiency of 

AC as presented in Figure 1C. At room temperature, 

the adsorption efficiency reaches 55.42%, and 

increases to 59.45% at 50°C, but decreases to 

55.88% at 70°C. When the temperature rises, it 

accelerates the reaction rate, allowing the acid 

molecules to diffuse deeper inside the particles, 

thereby helping the pore diameter to expand. 

However, as the temperature rises higher to 70°C, 

an oxidation reaction between the acid molecules 

and biochar breaks down and changes its structure, 

thus reducing the diameter of the hole, resulting in a 

decrease in adsorption performance (Fu et al., 

2020). Thus, 50oC is the proper activation 

temperature. 

3.2.  Characteristics of the material  

3.2.1. FTIR analysis 

FT-IR is utilized to ascertain the presence of 

functional groups and to understand changes in the 

chemical properties of samples after treatment. 

Figure 2 shows common vibrational peaks among 

durian peel (DP), biochar (BIO), AC, and AC after 

adsorption. The peaks in the wavelength 2347-2359 

cm-1 correspond to the fluctuations of the C=O 

groups of DP, BIO, AC, and AC after adsorption. 

Furthermore, the wavelength 1617-1690 cm-1 show 

the characteristics of amide I functional group. The 

wavelength 1551-1525 cm-1 demonstrates the 

characteristics of function group C=C. In addition to 

the general points mentioned above, the FT-IR of 

each spectrum has its own characteristic peaks. 

First, in the FT-IR spectrum of the DP, the peak at 

3314 cm-1 characterizes the O-H group and the peak 

at 2908 cm-1 is a symmetrical extension of the C-H 

group. Moreover, the peak at 1022 cm-1 shows the 

prolonged fluctuation of the C-O-C group that 

characterizes the structure of the polysaccharide. 

For the BIO, the peak at 1373 cm-1 is characteristic 

of the C-H functional group. Besides, after 

pyrolysis, the functional groups at peaks of 1022 cm-

1, 2908 cm-1 and 3314 cm-1 disappeared (Chen et al., 

2022).  

For the FT-IR spectrum of AC and AC after 

adsorption, the peaks at 1064 cm-1 and 1072 cm-1 as 

a result of the activation process with H3PO4, 

which makes carbonization, providing oxygenated 

functionalities into AC, were probably the 

stretching of the O-C bond in the P-O-C linkage 

(aromatic bond) or hydrogen-bonded P=O in a 

phosphate ester (Lim et al., 2015). Moreover, before 

and after the NH4
+ adsorption, the peaks remained 

unchanged. Only a change in the position of the 

peak at 1,640 cm-1 shifted to 1,690 cm-1 with a 

sharper and stronger peak intensity, which 

demonstrated the formation of a link between the 

material and NH4
+.  

In addition, after the used material dried, a part of 

the NH4
+ evaporated, thus, its FT-IR spectrum has 

not changed significantly. In short, the AC was 

successfully synthesized by activation with H3PO4 

acid. 

 

Figure 2. FTIR Results of the material 

3.2.2. XRD analysis 

XRD is used to study levels of carbon order and 

crystallization. For durian peel material as shown in 

Figure 3, XRD peaks at 2θ of 16.5°, 21.5°, and 34.7° 

are characteristic of crystallographic planes (110), 

(200), and (004), which are indicative of the 

cellulose I phase (French et al., 2014; Reddy et al., 

2018). However, after thermal decomposition to 

AC, these diffraction peaks gradually decrease and 

broaden. It can be seen that the crystalline phase of 

cellulose is destroyed by pyrolysis and gradually 

decomposes into other substances (Chen et al., 

2022). This is clearly shown as comparing the XRD 

spectrum of AC in the figure, where the initial peaks 

at 2θ of 16.5°, 21.5°, and 34.7° are replaced by peaks 

at 2θ of 23° and 43°. 
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Figure 3. XRD patterns of AC and durian peel 

The peak at 23o is the crystalline flatness index C 

(002), which is related to the parallel and positional 

orientation of the ring structure and carbonization. 

The peak that is not sharp indicates a high degree of 

morphity. Another wide peak is observed at 43o, 

attributed to the C (100) radiation of hexagonal 

carbon and indicated high levels of aromatic 

condensation (Selvarajoo et al. 2021). The XRD 

results show that AC has been successfully 

synthesized with amorphous structure and is 

suitable for adsorption. 

3.2.3. BET analysis 

The specific surface area, volume and pore diameter 

of the material are determined in the adsorption 

isotherm according to the BET equation. It is 

determined through the adsorption-desorption 

isotherm with N2
 gas as shown in Figure 4. The 

specific surface area value of AC is 485.447 m2/g, 

which is higher compared to 2.777 m2/g of biochar, 

showing that the specific surface area value 

increases significantly via the activation with 

H3PO4, which helps expand the capillaries and pores 

of the material. However, this value is still lower 

than the report of Tham et al. (2011), which is 1404 

m2/g, due to differences in raw material sources for 

synthesizing AC. The average pore diameter is 

29.788 Å = (~3 nm), presenting that the AC belongs 

to the mesoporous type with sizes from 2 to 50 nm 

(Aworn et al., 2008). The mesoporous pore size can 

easily adsorb ammonium ion because the NH4
+ has 

a diameter of 1.43 Å (Dattilo & Dietze, 2014). 

Because the pore size is distributed from large at 

outside to small at inside of the particle, to achieve 

high adsorption yield, it might take a long time for 

NH4
+ to diffuse into the particle capillary pores. 

 

Figure 4. N2 adsorption and desorption of AC 

3.2.4. TGA analysis 

The mass loss of raw durian peel with temperature 

is shown in Figure 5A, the TGA-DTG diagram, 

which includes 3 stages. In the first stage, from 

about 50 to 150°C, the mass loss of 2.039% is due 

to the evaporation of physical and chemical water in 

the sample. In stage 2nd, the mass loss is 61.76% due 

to the thermal decomposition of amorphous 

cellulose and hemicellulose regions, as well as the 

oxidation of carbon framework from a temperature 

of 150 to 330oC. In addition, Selvanrajoo et al. 

(2021) reported that above 300oC is the temperature 

range at which lignin can be decomposed. Hence, in 

the stage 3rd, from 300°C to 600°C, there is a mass 

loss of 30.44% due to the decomposition of lignin, 

followed by charring. In addition, the DTG curve 

shows that the decomposition temperature of 

charcoal from the durian peel is at 316.4oC. 

After carbonizing at 600oC for 1h and activating 

with H3PO4, AC from durian peel is evaluated for 

heat stability. The resulting TGA-DTG diagram is 

shown in Figure 5B. In 1st stage, from about 50 to 

99.81°C, the mass loss of 4.665% is due to the 

evaporation of water in the sample. The 2nd stage has 

a mass reduction of 12.43%, which is possible that 

the phosphoric groups have functionalized deeply 

into the pores of the charcoal during the activation 

process, so many peaks on the DTG curve appear 

due to the decomposition of functional groups of the 

charcoal. Three peaks observed at around 350°C, 

550°C, and 650°C in the DTG curve can be 

attributed to the transformation of H3PO4, which is 

H4P2O7 around 300°C, and polyphosphates at above 

350°C (Chen et al., 2020). The peak at 550°C is 

probably due to the formation of P2O5 from 

polyphosphate, and P2O5 then vaporized at about 

700°C, thus the mass loss at around 750°C (Chen et 

al., 2020). 
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Figure 5. TGA -TDG of durian peel (A) and  

AC (B) 

3.2.5. SEM analysis 

Durian peel and AC are evaluated for surface 

morphology with field emission SEM images 

(Figure 6). The results in Figure 6A show that DP 

sample has a rough and dense surface. In Figure 6B, 

AC has wide capillaries and rough surface, showing 

high adsorption capacity. This promises to bring a 

potential application as an adsorbent of AC from a 

durian peel that is better than durian peel powder. 

The improvement in the morphological 

characteristics on the surface of AC can be 

explained by the fact that the charcoal process helps 

create more pores on the surface of the material due 

to the decomposition of organic compounds. 

Volatile matters in the form of CO and CO2 then 

help form holes and make the material more porous. 

At the same time, these pores tend to expand more 

after being activated (Heidarinejad et al., 2020; Tran 

et al., 2022). 

 

Figure 6. SEM images of durian peel (A) and 

AC (B) 

3.2.6. The surface charge of AC. 

 

Figure 7.  pHpzc of AC 

A 

B 

(A) 

(B) 
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Besides surface morphology, surface charge of AC 

is an important characteristic of adsorbent. Figure 7 

shows surface charge of AC changing from positive 

to negative when pH increases from 2.0 to 11.0 with 

the pHpzc of 4.8. The result shows that the material 

can adsorb anions at pH less than 4.8 and adsorb 

cations at pH higher than 4.8. Thus, when pH > 4.8, 

AC and NH3 solution have opposite charges, so AC 

can adsorb NH4
+ ions. 

3.3. Ammonium ion adsorption using AC  

pH is one of the critical control parameters in the 

adsorption process since it affects the ionization of 

the functional groups on the surface of the sorbent 

material, as well as the competitive effect of H+ with 

cationic adsorbate (Marañón et al., 2006). The effect 

of pH on NH4
+ adsorption on AC is observed at pH 

ranging from 5 to 9 in Figure 8A. The adsorption 

yield increases from 48.23% to 60.33% when pH 

rises from 5 to 7 because high pH value reduces the 

number of H+ in the solution, causing a less 

competitive effect of H+ with NH4
+, resulting in an 

increase in adsorption efficiency. In addition, when 

pH increases to 9, the efficiency remains unchanged 

at 60%. The reason is that NH4
+ ions have been 

partially converted into NH3. Emmerson et al. 

(1975) observed that for pH below 7, ammonium 

exists mainly as NH4
+, irrespective of temperature. 

For pH higher than 7, NH4
+ concentration reduces 

meaningfully with increasing temperature, 

equilibrium being displaced towards the formation 

of ammonia gas. Thus, the chosen pH of 7 is suitable 

for the adsorption process. 

The initial concentration of ammonium also greatly 

affects the adsorption capacity of ammonium 

through Figure 8B. The adsorption efficiency 

increases from 51.5% to 62.81% as concentration 

varies from 10 to 40 mg/L, then decreases to 54.81% 

when the concentration increases to 100 mg/L. 

However, adsorption capacity rises continuously 

with concentration increase. This is because at low 

concentrations, the material easily retains NH4
+ due 

to sufficient adsorption sites; however, at high 

concentrations, complete NH4
+  removal is 

impossible due to limited adsorption sites compared 

to the NH4
+  ions in solution (Lazim et al., 2015). 

Hence, the concentration of 40 mg/L is chosen for 

further investigation of other factors. 

Contact time greatly influences NH4
+ adsorption 

through Figure 8C. In the first 15 min., the 

adsorption efficiency is 46.6%, and reaches 62.81% 

after 60 min, but it then decreases to 52.60% at 180 

min. The reason is that the adsorption reaches the 

equilibrium state at 60 min, and unadsorbed NH4
+ 

ions in solution can convert into NH3 when the 

adsorption time increases to 180 min, causing the 

desorption of NH4
+ and leading the decrease in 

adsorption efficiency (Maranon et al., 2006). 

Therefore, the contact time of 60 min is suitable for 

the adsorption process.  

 

Figure 8. Effect of pH (A), initial concentration 

(B), contact time (C), and adsorbent mass (D) on 

the adsorption of efficiency of AC 

Adsorbent mass is one of the factors that influenced 

the adsorption efficiency. Thus, in this study, the 

(A

) 

(B

) 

(C) 

(D

) 
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adsorbent mass varies from 0.05 g to 0.25 g and the 

result is shown in Figure 8D. When the mass rises 

from 0.05 g to 0.1 g, the adsorption efficiency 

increases from 55.09% to 62.81%. However, as the 

mass rises to 0.15 g, the efficiency slightly increases 

by 0.45%, and the mass further increases to 0.25 g, 

a decrease from 63.26% to 54.74% is observed. 

Besides, by increasing the adsorbent mass from 0.05 

g to 0.25 g, adsorption capacity decreases from 

22.36 mg/g to 4.36 mg/g. The variation of 

adsorption efficiency with adsorbent mass may be 

because at AC mass in range of 0.1 to 0.15 g is 

sufficient to disperse completely in the solution, the 

adsorption reaction takes place faster and achieves 

high efficiency. Nevertheless, when the mass is 

large, the particles tend to merge and stack together, 

covering each other, resulting in a decrease in the 

adsorption rate (Lazim et al., 2015). This prevents 

NH4
+ from exposure to the surface of the material, 

which reduces the adsorption capacity. 

3.4.  Adsorption kinetics and isotherms 

The results of PFO and PSO kinetic equations of the 

NH4
+ adsorption using AC from durian peel are 

presented in Table 1. The results show that the linear 

regression coefficient R2 of the PFO kinetic is 0.782 

and qe is 11.35 mg/g. This shows that the NH4
+ 

adsorption of AC according to the PFO adsorption 

kinetics is not appropriate. The linear regression 

coefficient R2 of the PSO is high (R2 = 0.995) and 

the qe = 12.97 mg/g of the PSO is higher than the 

experimental qe, showing that the NH4
+ adsorption 

process of AC from DP follows PSO kinetics.  

With the slope coefficient of the PSO equation, a = 

0.0771 is relatively small, showing that the ability to 

adsorb NH4
+ of AC is relatively sufficient. When the 

slope coefficient is small, t/qt will be small, but qt is 

inversely proportional to t/qt, so a small slope will 

increase the NH4
+ adsorption speed of AC. 

Therefore, determining the kinetic equations is very 

important in the NH4
+ adsorption process. From 

there, it can be predicted whether the ability to 

adsorb NH4
+ of AC is fast or slow. 

Table 1. Kinetic models parameters of NH4
+ 

adsorption on AC from durian peel 

Kinetic 

models 

qe 

(mg/g) 

k1 

(h) 

k2 

(g/mg.h) 
R2 

PFO 11.35  -2.00 - 0.782 

PSO 12.97 - 0.433 0.995 

To obtain the saturate capacity qm of NH4
+ 

adsorption on AC, Langmuir and Freundlich are 

widely used and adsorption isotherm data are 

presented in Table 2. The linear regression 

coefficients (R2) for the Langmuir (y = 0.004x + 

1.7291) and Freundlich (y = 0.9696x – 0.2816) 

isotherm models in Table 2 are 0.415 and 0.970, 

respectively. Thus, the high linear regression 

coefficient of Freundlich model shows that the 

adsorption process of NH4
+ by AC follows the 

Freundlich isotherm adsorption equation. It proves 

that the adsorption energy on the surface is not 

uniform and the adsorbent material can adsorb 

multilayers (Myers et al., 2002). 

Table 2. Langmuir and Freundlich adsorption 

isotherm parameters 

Parameters Langmuir Freundlich 

R2 0.415 0.970 

KL (L/mg) 0.002 - 

qmax (mg/g) 242.1 - 

KF (mg/g) - 0.523 

N - 0.931 

The Dubinin-Radushkevich (D-R) isotherm is 

applied to express adsorption mechanisms. In this 

study, D-R isotherm (y = -9.9242x+2.96101) has 

adsorption energy constants of 0.224 kJ/mol. This 

value is less than 8 kJ/mol, showing that NH4
+ has a 

weak interaction with AC, or that physical 

adsorption is the primary adsorption process in this 

research (Dąbrowski, 2001). 

Table 3. Dubinin-Radushkevich adsorption 

isotherm parameters 

Parameters Values 

qmax (mg/g) 19.32 

B -9.924 

E (kJ/mol) 0.224 

4. CONCLUSION 

This study successfully synthesized AC from durian 

peel activated with phosphoric acid at a calcination 

temperature of 600oC, phosphoric acid 

concentration of 20% and an activation temperature 

of 50℃. The AC has a porous structure with a 

specific surface area of 485.447 m2/g, average pore 

diameter of 29.788 Å, and pHpzc of 4.8. The 

adsorption of NH4
+ onto AC is a physical and 

multilayer adsorption process and proceeds 

favorably with a 12.56 mg/g adsorbent capacity. 

The optimal conditions for the NH4
+ adsorption in 

aqueous solution is at pH 7.0, adsorption time of 60 

min., initial concentration of 40 mg/L, with an 

adsorbent mass of 0.1 g. Overall, this study offers an 

actual, cost-effective adsorbent for NH4
+ removal 

from aqueous solution. 
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