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ABSTRACT

This work presented the adsorption of Cu(II) ions using agriculture waste coming from soursop (Annona 
muricata L.) seeds. The chemical treatment performed on Annona muricata L. seeds was carried out 
using 1.0 M H2SO4 solutions. The Fourier-transform infrared (FTIR) spectrophotometer, scanning 
electron microscope coupled with energy dispersive X-ray (SEM-EDX), pH of point-zero-charge (pHPZC), 
and pHslurry analyses were done to characterize the surface properties of the adsorbent. Experimental 
conditions such as contact time, adsorbent dosage, pH, and initial Cu(II) ion concentrations, all of which 
could affect Cu(II) ions adsorption, were studied. The adsorption kinetics was successfully described 
by the pseudo-second-order model. The Langmuir and Freundlich models were applied to interpret the 
Cu(II) ions’ adsorption at equilibrium. The isotherm data fitted well with the Freundlich model and the 
maximum adsorption capacity was 187.83 mg.g-1 based on the Langmuir model.    

INTRODUCTION 

The discharge of heavy metal ions into water bodies from dif-
ferent industrial effluents, such as metal plating, petrochem-
icals, batteries, chemicals, paints, and pesticide production 
has caused serious global environmental issues (Zafar et al. 
2020). Heavy metal ions can enter the food chain, accumulate 
in the aquatic ecological system, and cause harmful effects 
on humans, plants, animals, and the environment (Afroze & 
Sen 2018). Copper (Cu) at trace level is essential to human 
life. In tiny quantities, the metal is crucial in maintaining the 
health of an individual. In contrast, prolonged exposure to 
surplus Cu(II) ions causes serious illnesses to humans, such 
as kidney and liver damage, headaches, increased heart rate, 
and schizophrenia (Al Zabadi et al. 2018). The World Health 
Organization (WHO) and Environmental Protection Agency 
(EPA) have set the maximum allowable concentrations of 
1.3 and 2.0 mg.L-1, respectively for Cu(II) ions in drinking 
water (Zafar et al. 2020). Therefore, it is crucial to remove 
Cu(II) ions from industrial effluents to avoid environmental 
catastrophe.

Numerous techniques have already been implemented 
to reduce Cu(II) ions concentration in aqueous solutions, 

including chemical precipitation, coagulation, adsorption, 
electrolysis, ultrafiltration, ion exchange, reverse osmosis, 
and advanced oxidation. Adsorption in particular is much 
preferred due to the high and fast removal efficiency, rela-
tively low cost, and design simplicity (Karimi et al. 2019). 
Synthetic materials such as polymers have been developed 
as adsorbents for heavy metals removal. However, prolonged 
and extensive use of synthetic adsorbents will lead to sec-
ondary pollutants in the form of by-products (Wang et al. 
2020). Therefore, the use of natural adsorbents derived from 
renewable biomaterials with a lower risk to the environment 
has gained more attention (Li et al. 2007, Wang et al. 2020).

Annona muricata L. fruit or soursop has many functional 
groups such as -OH (hydroxyl), -NH2 (amino), -COOH (car-
boxylic acid), C-O-C (ether), and aromatic rings (Sawant & 
Dongre 2014, Anaya Esparza & Montalvo-González 2020), 
which play a dynamic role in the metal binding mechanisms. 
These functional groups originate from chemical components 
such as lignin, cellulose, hemicellulose, fatty acids, lipids, 
sugars, and proteins (Menzes et al. 2019). Untreated and 
chemically treated A. muricata L. seeds have been used as 
an adsorbent to remove pollutants, such as Tartrazine dye 
(Fauzia et al. 2015), Rhodamine B dye (Cairdir et al. 2015), 
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and heavy metal ions (Oboh & Aluyor 2008, Kurniawan et 
al. 2014) from their aqueous solutions.

Oboh & Aluyor (2008) studied the adsorption of four 
heavy metal ions using untreated A. muricata L. seeds powder 
under batch mode. The removal efficiencies were 77.6, 68.5, 
56.4, and 40.6% for Cu(II), Ni(II), Zn(II), and Pb(II) ions, 
respectively. Kurniawan et al. (2014) performed the removal 
of Pb(II) and Cu(II) ions using HNO3-treated A. muricata L. 
seeds powder. The results showed that the maximum adsorp-
tion capacities for Pb(II) and Cu(II) ions were 5.58 and 4.16 
mg.g-1, respectively. Fauzia et al. (2015) reported a maximum 
adsorption capacity of 23.63 mg.g-1 for Tartrazine dye using 
HCl-treated A. muricata L. seeds powder. Another study 
done by Cairdir et al. (2015) found the maximum adsorption 
capacity of 53.37 mg.g-1 for Rhodamine B using HCl-treated 
A. muricata L. seeds powder. However, it could be noticed 
that the untreated, HCl and HNO3-treated A. muricata L. 
seeds did not show a high adsorption capacity towards heavy 
metal ions and dyes. Therefore, there is a need to search for 
another acid treatment method that enhances the adsorption 
performance of A. muricata L. seeds.

In this work, the applicability of A. muricata L. seeds 
powder treated with 1.0 M sulphuric acid solution as an 
adsorbent to remove Cu(II) ions from aqueous solutions 
has been investigated. Characterization of the surface of 
A. muricata L. seeds powder using the Fourier-transform 
infrared (FTIR) spectrophotometer, scanning electron 
microscope coupled with energy dispersive X-ray (SEM-
EDX), pH of point-zero-charge (pHPZC) and pHslurry were 
performed. Furthermore, the physiochemical parameters 
such as contact time, pH, adsorbent dosage, and the initial 
Cu(II) concentration were studied. The rate of adsorption 
and determination of maximum adsorption capacity of A. 
muricata L. seeds powder was determined using kinetics 
and isotherm models, respectively.

MATERIALS AND METHODS

A. muricata L. fruits were bought from an orchard in Temer-
loh, Malaysia. The fruits were cut and the black seeds were 
collected. The seeds were rinsed thoroughly with deionized 
water several times before being dried in an oven (Elec-
tro-thermal Blast Drying Oven, China) at 90°C overnight. Af-
ter drying, the seeds were crushed using a mechanical crusher 
into a powdered form. To remove the fat, a pre-treatment was 
done by mixing 20 g of the powder with 200 mL of hexane 
(ratio of 1:10 (w/v) seeds powder to hexane) for 16 h at 28°C. 
The hexane-treated powder was filtered and dried at 80°C 
for 3 h and was abbreviated as AMSP. The preparation of 
treated AMSP using sulphuric acid (98% w/w; Loba Chemie, 
India) was performed to enhance the adsorption properties 

of AMSP. The dried AMSP was mixed with 100 mL (1.0 M 
H2SO4) for 2 h, washed thoroughly with deionized water until 
the final pH reached near 7. Finally, the powder was dried at 
80°C overnight and was labeled SA-AMSP.

Characterization

The functional groups, surface properties and elemental 
composition of the AMSP and SA-AMSP, and the Cu(II) 
ions-loaded SA-AMSP were inspected using a Fourier-trans-
form infrared (FTIR) spectrophotometer (PerkinElmer, Spec-
trum 100, USA) and a scanning electron microscope (SEM, 
Carl Zeiss SMT, Germany) coupled with energy dispersive 
X-ray (EDX, Oxford Instrument, UK) spectrometer. The 
pHslurry was determined by mixing 0.10 g of SA-AMSP with 
50 mL of distilled water. The mixture was left for 24 h at 
29°C. The mixture was filtered using a Whatman filter paper 
(No. 42), and the final pH in the supernatant was measured 
using a pH meter. The pHPZC determination of SA-AMSP 
was performed as follows: firstly, a series of 50 mL (0.01 M) 
NaCl solutions at different initial pH (pHi) of 2 to 10 were 
prepared in 100 mL conical flasks. Then, 0.10 g of SA-AMSP 
was added to the NaCl solutions, and the mixture was stirred 
using a magnetic stirrer for 24 h. The mixture was filtered 
using a Whatman filter paper (No. 42), and the final pH of 
the solution (pHf) was recorded. The plot of pHi-pHf versus 
pHi was constructed, and the curve that intercepted the pHi 
axis represented the pHPZC value of SA-AMSP.

Batch Adsorption Process

Batch adsorption experiments were performed in stoppered 
conical flasks, stirred using a magnetic stirrer (120 rpm) at 
302 K for 120 min, and the volume of Cu(II) ions was kept 
at 50 mL. A stock solution of Cu(II) concentration (1000 
mg.L-1) was prepared by dissolving the measured amount 
of copper nitrate salt, Cu(NO3)2.3H2O (Merck, Germany) 
in deionized water. Then, the stock solution was diluted to 
prepare the required Cu(II) concentrations. The pH varied 
from 2 to 6, and the SA-AMSP dosage changed from 0.02 to 
0.10 g depending on the effects of pH and adsorbent dosage 
to adsorb 20 mg.L-1 of Cu(II) ions, respectively. Drops of 0.1 
M NaOH and 0.1 M HCl solutions were added to adjust the 
pH of the solutions using a pH meter (EUTECH Instruments, 
USA). Two different concentrations of 10 and 20 mg.L-1 
were used in the kinetics study. The Cu(II) concentrations 
varied from 10 to 60 mg.L-1 in the isotherm study at pH 6. 
The mixture was filtered using a Whatman filter paper (No. 
42) and the residual concentration of Cu(II) ions was meas-
ured using an atomic absorption spectrophotometer (AAS, 
PerkinElmer, PinAAcle 900T model, USA). All adsorption 
experiments were done in duplicates, and the results were 
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presented as the average. The removal of Cu(II) ions was 
calculated using the following equation:
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Fig. 1: (A) Raw A. muricata L. seeds, (B) A. muricata L. seed powder washed with hexane 

(AMSP), and (C) Sulphuric acid-treated A. muricata L. seed powder (SA-AMSP). 
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Fig. 2: FTIR spectra of raw AMSP, SA-AMSP (before Cu(II) adsorption), and Cu(II)-

loaded SA-AMSP. 
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are shown in Fig. 3 (A to F). Fig. 3A shows that the AMSP has an irregular surface, and it 

lacks porous structure and contains essential metal ions (Mg2+, Na+, and K+) on its surface 

(Fig. 3B). After the acid treatment, there was no obvious difference in the surface structure 

between SA-AMSP (Fig. 3C) and AMSP. However, the essential metal ions were no longer 

detected by the EDX due to the dissolution of these ions in the acid (Fig. 3D). 

Fig. 2: FTIR spectra of raw AMSP, SA-AMSP (before Cu(II) adsorption), 
and Cu(II)-loaded SA-AMSP.
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SA-AMSP. We have observed shifts in wavenumber from 1632 
to 1635 cm-1, 1533 to 1539 cm-1, and 1459 to 1454 cm-1. Based 
on this observation, it can be concluded that the -COO-, -OH, 
-NH and aromatic rings were the active adsorption sites and 
that Cu(II) ions adsorption could occur possibly through the 
ionic attraction and weak electrostatic attraction.

The SEM and EDX images of AMSP, SA-AMSP, and 
Cu(II)-loaded SA-AMSP are shown in Fig. 3 (A to F). Fig. 
3A shows that the AMSP has an irregular surface, and it 
lacks porous structure and contains essential metal ions 
(Mg2+, Na+, and K+) on its surface (Fig. 3B). After the acid 
treatment, there was no obvious difference in the surface 
structure between SA-AMSP (Fig. 3C) and AMSP. However, 
the essential metal ions were no longer detected by the EDX 
due to the dissolution of these ions in the acid (Fig. 3D).

The presence of Cu(II) ions on SA-AMSP was confirmed 
by the SEM-EDX images as shown in Fig. 3 (E and F). The 
pHslurry of SA-AMSP was 5.46. The acidic nature of SA-AM-
SP was due to the carboxylic acid groups as confirmed by 
the FTIR spectrum. The pHPZC plot is shown in Fig. 4, with 
a value of 4.50. At pH > pHPZC, the SA-AMSP surface 
would have a more negative charge, consequently favoring 
the adsorption of Cu(II) ions.

Batch Adsorption Process

Effects of pH and SA-AMSP dosage: The effects of pH 
on Cu(II) uptake are shown in Fig. 5. The amount of Cu(II) 
adsorbed on SA-AMSP increased with increasing pH of the 
solution from 2 to 6. At pH 2, the qe value was very low due 
to the strong electrostatic repulsion between the protonated 
functional groups in SA-AMSP and Cu(II) ions. However, at 
pH > 2, the deprotonated functional groups such as carboxyl 
in SA-AMSP increased gradually, and they could readily 
adsorb Cu(II) ions. Therefore, the subsequent adsorption 
experiments were conducted at pH 6.

Fig. 6 shows the effects of SA-AMSP dosage on the ad-
sorption of Cu (II) ions. The amount of Cu(II) adsorbed onto 
the SA-AMSP decreased with increasing SA-AMSP dosage. 
It may be attributed to the overlapping or aggregation of the 
adsorption sites at higher adsorbent dosages, consequently 
reducing the exposed surface area for adsorption of adsorb-
ates (Anbalagan et al. 2016, Mansur et al. 2020). Thus, 0.02 
g of SA-AMSP was chosen for the subsequent kinetics and 
isotherm experiments.
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Adsorption kinetics:  The changes in the amount of Cu(II) 
adsorbed on SA-AMSP as a function of time at two different 
initial concentrations of Cu(II) ions (10 and 20 mg.L-1) are 
shown in Fig. 7. The plots showed three succeeding stages 
during the adsorption process, including (i) initial rapid 
adsorption process (0 to 5 min) where up to 70 and 86% of 
Cu(II) ions were adsorbed onto SA-AMPSP for 10 and 20 
mg.L-1, respectively, due to the high availability of the active 
adsorption sites; (ii) slow adsorption process (5 to 20 min) 
where only 13% and 10% of Cu (II) ions were adsorbed onto 
SA-AMPSP for 10 and 20 mg.L-1, respectively, because of 
the stiff competition among Cu(II) ions for the remaining 
active adsorption sites; and (iii) dynamic equilibrium ad-
sorption process (20 to 120 min) where only a small change 
in the amount of Cu(II) ions adsorbed was observed as the 
active adsorption sites were fully saturated. Besides that, the 
amount of Cu(II) ions adsorbed increased with increasing 
initial Cu(II) concentration. This could be due to the higher 
driving force at higher Cu(II) ions concentrations, making 
them capable of overcoming the mass transfer resistance be-
tween the adsorbent and liquid phase (Hanafiah et al. 2018).

The adsorption data of Figure 7 were analyzed using 
the non-linear and linear kinetics models to further inves-
tigate the rate of Cu(II) ions adsorption. The non-linear 
pseudo-first-order (PFO) and pseudo-second-order (PSO) 
models were given by Eqs. (5) and (6) (Ho & McKay 1998), 
respectively.
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the calculated values of qe did not match the experimental 
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the non-validity of the PFO model to explain the kinetics 
behavior of the adsorption process. A satisfactory agreement 
was obtained between the calculated and experimental values 
of qe with the values of R2 being close to unity. The χ2 values 
were much lower, confirming the validity of the PSO to the 
adsorption process.

Isotherm studies: The adsorption capacity at the equilibrium 
state (qe, mg.g-1) for SA-AMSP was plotted against the equi-
librium concentration of Cu(II) ions (Ce, mg.L-1) as shown in 
Figure 8. The equilibrium adsorption capacity increased with 
the increase in the initial Cu(II) ions concentration possibly 
due to the increased rate of mass transfer of adsorbates on the 
adsorbent (Anbalagan et al. 2016). The adsorption isotherm 
data obtained in Figure 8 were analyzed using the non-linear 
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Fig. 6: Effect of SA-AMSP dosage on Cu(II) ions adsorption.

Table 1: Kinetic parameters of Cu(II) ions adsorption on SA-AMSP.

Models Parameters 10 mg.L-1 20 mg.L-1

qe
exp (mg.g-1) 12.80 22.22

Pseu-
do-first 
order

Non-linear qe
cal  (mg.g-1) 12.17 20.88

k1  (min-1) 0.390 0.495

R2 0.749 0.348

χ2 0.062 0.206

Linear qe
cal  (mg.g-1) 1.36 2.59

k1  (min-1) 0.004 0.008

R2 0.373 0.679

Pseu-
do-sec-
ond order

Non-linear qe
cal  (mg.g-1) 12.51 21.36

k2 (g.mg.min-1) 0.086 0.073

R2 0.922 0.626

χ2 0.019 0.117

Linear qe
cal (mg.g-1) 12.74 22.27

k2 (g.mg.min-1) 0.050 0.022

R2 0.999 0.998
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Langmuir (Langmuir 1918) (Eq. 9) and Freundlich models 
(Freundlich 1906) (Eq. 10).
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where Qmax is the theoretical maximum adsorption capacity 
(mg.g-1), KL is the Langmuir isotherm constant related to the 
strength of adsorbent-adsorbate interaction (L.mg-1), KF and 
n are the Freundlich constants related to the adsorption ca-
pacity and intensity, respectively. The values of the Langmuir 
and Freundlich constants were calculated from the non-linear 
regression for each model (Table 2).

Fig. 8 shows that the experimental data of the adsorption 
of the Cu(II) ions on SA-AMSP had a better fit to the Fre-
undlich model than the Langmuir model. Furthermore, the 
Freundlich model’s strong representation of the experimental 
data was supported by higher R2 and lower χ2 values, both 
of which are measures of goodness of fit. This indicated 
the non-homogeneity of active sites on the surface of the 
SA-AMSP adsorbent. The adsorption capacity of SA-AMSP 
calculated from the Langmuir model was 187.83 mg.g-1, 
which recorded a higher capacity compared with the other 
adsorbents reported in the literature (Table 3). Therefore, 
SA-AMSP has an excellent potential application to treat 
wastewater containing Cu(II) ions.

CONCLUSION

Sulphuric acid-treated A. muricata L seeds powder (SA-AM-
SP) showed an excellent ability to remove Cu(II) ions 
from aqueous solutions using the batch mode adsorption 
technique. Based on the FTIR spectrum of SA-AMSP, the 
detected functional groups such as carbonyl (C=O), hydroxyl 
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Fig. 8: Langmuir and Freundlich isotherm plots for Cu(II) ions adsorp-
tion onto SA-AMSP.

Table 2: Langmuir and Freundlich parameters for Cu(II) ions adsorption 
onto SA-AMSP at 302 K.

Isotherm models

Non-linear Langmuir model

Qmax (mg.g-1) 187.8

KL, (L.mg-1) 0.010

R2 0.997

χ2 0.234

Non-linear Freundlich model

KF (L.mg-1) 2.570

N 0.820

R2 0.999

χ2 0.038

(-OH), the carboxylic acid (-COOH), amino (-NH2), ether 
(C-O-C), and aromatic groups acted as the active sites for 
the Cu(II) ions. The attachment of Cu(II) ions on SA-AMSP  
was confirmed by the EDX images. The maximum adsorption 
capacity was found to be 187.8 mg.g-1, suggesting that the 
SA-AMSP could be a low-cost and environmentally friendly 
adsorbent for treating Cu(II)-containing wastewaters.
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