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ABSTRACT: Copper pollution in the environment is a serious problem. Removal of it is a great
concern for the researchers. In the present work, the removal of copper ion from aqueous solution
was investigated by treating with activated carbon prepared from the seeds of Sugar Apple (4Annona
squamosa L.) (ASAC). Batch study was conducted to assess the adsorption efficiency of ASAC at
different pH, contact time, adsorbent dose, temperature, initial concentration of adsorbate.
Adsorption kinetics studies using pseudo-first order, pseudo-second order and intraparticle diffusion
models revealed that the data were best fitted to pseudo-second order. The equilibrium adsorption

data was analyzed using Langmuir and Freundlich isotherm models.
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1. INTRODUCTION

Increase of human population and the corresponding industrialization has caused huge damage to
the ecosystem. Various human activities like agriculture, mining, industrialization, etc. have polluted
the environment. Heavy metals are one among the pollutants that are harmful to the living
things[1],[2],[3]. Copper is one such metal creates serious problems. Copper has many applications

© 2019 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2019 March — April RILBPCS 5(2) Page No.1117


http://www.rjlbpcs.com/

Sivakumar et al RILBPCS 2019 www.rjlbpcs.com Life Science Informatics Publications
in the world, and an excess of it can affect the environment and humans negatively. Copper metal is

an excellent conductor of heat and electricity. All living organisms need copper in traces. It is the
primary constituent in the respiratory enzyme cytochrome oxidase. Human’s bones, muscles, and
liver contain minute amounts of copper. Copper in the environment comes from natural sources and
anthropogenic activities. The extraction of copper from the ores, manufacture of pesticides,
fungicides and other products containing copper and electrical appliances discharge their effluents
in to the water bodies. Excess copper in the soil affect most of the micro-organisms. It also inhibits
the mineralization of nutrients such as phosphorus and nitrogen. Excess of copper in the water has
adverse effects on aquatic life damaging the kidneys, nervous systems, and livers[4]. Many
researchers have conducted research works for the removal of metal ions from solutions including
the ion-exchange[5],[6],[7],[8],[9] precipitation[10],[11] reverse osmosis[12] electrochemical
treatments| 13] redox[14] methods, etc.,. Most of them are very expensive. Adsorption studies have
been now focused by the researchers because of its simplicity in design, cost and efficiency. The
aim of the present work is to investigate the efficiency of adsorption of copper from aqueous solution
using activated carbon prepared from the seed of sugar apple. The seeds are waste product of the
fruit. The removal efficiency of the ASAC was studied by kinetic and adsorption.[15],[16]. The
effect of pH, contact time, temperature, adsorbent dose and initial concentration of the adsorbate
were also studied. Batch method of the experiment was conducted.

2. MATERIALS AND METHODS

Experimental

Adsorbent Preparation

The seeds of sugar apple were cut into small pieces and dried for 8 hours under sunlight. This was
soaked in conc. sulphuric acid at the ratio of 1:1 (w/v). for 48 hrs and activated at 600° C in an air
oven for 6 hrs. The carbons thus prepared was called activated sugar apple seed carbon (ASAC). It
was washed thoroughly with distilled water until the pH of the wash water became neutral. The
carbon was dried at 100° C for 2hours and it was free from moisture. The dried carbon was ground
to fine powder and sieved. The particle with the average pore size of 2.86 nm was taken for analysis.
The unused carbon was kept in a desiccator.

Preparation of Cu (II) ions solution

The stock solution was prepared daily by dissolving 1000mg/L in deionized water.
Characterization of adsorbent

The activated carbon was subjected to analysis for the determination of moisture, ash, volatile matter
and fixed carbon content [17].

Batch adsorption experiments

Batch experiments were carried out to study the adsorption efficiency of the adsorbent. The studies
were performed in a 100 ml iodine flask by mixing 50 mL of different initial concentrations (20
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mg/L, 30 mg/L, 40 mg/L and 50 mg/L) with 50 mg/50mL ofthe adsorbent. The mixture was agitated

at 130 rpm in rotary shaker for pre-determined time. After equilibrium was attained the mixture was
filtered and the adsorption of the dye solutions was measured using UV/Visible spectra photometer
[18],[19]. The percentage removal and the amount of adsorbate adsorbed at equilibrium was

calculated using the equations (1) and (2)

%removal = 100(C, — Co)/C, e (1)

QE=(Co-Co)VM e (2)

where ¢g. is the amount of dye adsorbed at equilibrium (mg/g), C, and C, are the liquid phase
concentrations of adsorbate at initial and equilibrium concentration (mg/L) respectively. M is the
weight of the adsorbent used (g) and V is the volume of solution (L).

Adsorption Kinetics studies and equilibrium isotherms

The isotherm provides relationship behaviors of concentration of the dye in solution and the amount
of dye adsorbed on the solid phase when both phases are in equilibrium. The equilibrium of
experimental data for adsorbed dye on adsorbent is studied by using the Freundlich [20] and
Langmuir[21]. The possibility of intra particle diffusion was investigated using the expression
described by Weber and Morris[22]. In this study the best fit isotherm model from the experimental

data were determined using the value of correlation co-efficient (R?).

3. RESULTS AND DISCUSSION

Influence of pH

The pH of solution has a significant impact on metal uptake since it determines the surface charge
of adsorbent, solubility of the metal ion, concentration of counter ions on functional groups of the
biomass and the degree of ionization and speciation of adsorbate[23],[24]. The effect of pH on the
removal of copper ion from solution was carried out at a initial concentration of 20 mg/L with the
adsorbent dose 50 mg/50 mL. The effect of initial pH on the removal of metal ion of concentration
is shown in the Figure 1 and Table 1. It shows that the percentage removal was maximum (81 %) at
pH 5. Above pH 6 the Cu (II) ion is precipitated as mono hydroxyl species[25],[26].

Influence of Temperature

The effect of temperature on the removal efficiency of copper ion from aqueous solution using
ASSC. The results are shown in Figure 2 and Table 2. From the results it was found that 90.4% of
copper ions were removed at 333K at the initial concentration of 20mg/L and the percentage removal

of copper ion decreased with the increase of initial concentration and temperature.
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Influence of contact time

The increase of contact time increase the percentage removal of metal ions. It continues till
equilibrium is reached. In the present study it was observed that the percentage removal of copper
ion increased as a function of time Figure 3 and Table 3. The percentage removal of copper ion was
high at the initial stage and equilibrium is reached within 100 minutes for all concentrations. This
could be explained by the fact that all the adsorbent sites were vacant at the initial stage and the
concentration of the solute was high as the time increases. The percentage removal of the metal
decreases significantly indicated the saturation of adsorbent surface with the metal ion
molecules[27],[28]. It indicates the possible mono layer formation of metal ion on the outer surface
of the adsorbent.

Effect of adsorbent dose

The effect of adsorbent dose on the removal of copper ion is shown in the Figure 4 and Table 4. The
adsorbent of metal ion increased from 41.32 % to 89.5% as the adsorbent dose increased from 10
mg to 100 mg/50 mL at the initial concentration of 20 mg per liter of Cu ion. But when the dose
increased from 50mg/50mL the difference in percentage removal was very low. It is clear that as the
adsorbent dose increases the active sites on the adsorbent increases naturally the removal of metal
ion increase.

Effect of initial concentration

The effect of initial concentration of the metal ion on the adsorption efficiency of adsorbent is given
in the Figure 5 and Table 5. The percentage and removal of metal ion decreases with the increase of
initial concentration for a given amount of adsorbent[29],[30].

Adsorption kinetics

The kinetic models are useful in understanding the mechanism of metal ion removal and the
efficiency of the adsorbent. The most popular kinetic models used are Lagergren[31], first order
kinetics and Ho’s[32], Pseudo- second order kinetic model. The results are given in the Figure 10
& 11 and Table 8. The calculated g. value very well and agreed with the experimental values and
the R? values indicated that the pseudo — second order model could be applied for the adsorption of
copper metal ion.

Sorption Isotherms

Adsorbent isotherms play a key role in suggesting the adsorbent-adsorbate interaction mechanism.
Freundlich and Langmuir isotherm were applied to explain the experimental data. The calculated
values of Freundlich and Langmuir parameters for the removal of Cu (II) ion is presented in the
Figure 7-9 and Table 9. It was confirmed from the R? values that the Cu metal ion adsorption

followed Freundlich isotherm.
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Table:1 Effect of pH for the % removal of Cu(Il) ions

Ci:20 mg/L Dose :50 mg/50 mL Time: 4 hrs

pH % R
2 453
3 66.1
4 79.4
5 80.9

Table: 2 Effect of temperature on the % removal of Cu(Il) ions

Ci Temperature
%R ge
(mg/L) (K)
303 82.4 13.73
313 85 14.17
20
323 88.25 14.71
333 90.4 15.07
303 75.03 18.76
30 313 79.07 19.77
323 82.87 20.72
333 85.63 21.41
303 69.1 23.03
313 74.63 24.88
40
323 77.7 25.9
333 81.73 27.24
303 63.5 26.46
50 313 68.92 28.72
323 74.36 30.98
333 76.58 31.91
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Table: 3 Effect of Contact time for the % removal of Cu(Il) ions onto CFC
[Dose:30 mg/L; pH: 5; Temp:303K]

Time Ci: 20mg/L Ci: 30mg/L Ci : 40mg/L Ci :50 mg/L
(min) %R qt %R qt %R qt %R qt

10 50.85 8.48 | 42.97 10.74 37.03 | 1234 | 33.08 | 13.78

20 60.60 10.10 | 50.20 12.55 44.63 | 1488 | 39.14 | 16.31

30 70.40 11.73 | 60.13 15.03 53.88 | 17.96 | 48.18 | 20.08

40 75.05 12.51 | 65.13 16.28 58.40 | 1947 | 53.10 | 22.13

60 77.80 12.97 | 70.03 17.51 62.53 | 20.84 | 5698 | 23.74

80 80.05 13.34 | 72.13 18.03 65.28 | 21.76 | 59.46 | 24.78

90 80.70 13.45 | 73.47 18.37 66.78 | 22.26 | 60.22 | 25.09

100 81.40 13.57 | 73.97 18.49 67.15 | 2238 | 61.32 | 25.55

120 81.75 13.63 | 74.27 18.57 67.55 | 2252 | 62.16 | 25.90

140 82.05 13.68 | 74.63 18.66 68.70 | 2290 | 62.96 | 26.23

160 82.40 13.73 | 75.03 18.76 69.10 | 23.03 | 63.50 | 26.46

180 82.40 13.73 | 75.03 18.76 69.10 | 23.03 | 63.50 | 26.46

200 82.40 13.73 | 75.03 10.74 69.10 | 23.03 | 63.50 | 26.46
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Table: 4 Effect of dose for the % removal of Cu(Il) ions
Ci;20 mg/L pH:5 Time :4 hrs

Dose (mg/ 50 mL) Percentage of Removal
10 41.3
20 56.8
30 69.5
40 75.6
50 80.3
60 82.85
70 84.2
80 85.3
90 87.5
100 89.5

Table: S Effect of initial concentration at different temperatures for the % removal of Cu(Il) ions

Initial Quantity adsorbed at
Temperature Concentration | Percentage
Concentration equilibrium
(K) at equilibrium | of removal
(mg/L) (mg/g)

20 3.52 82.40 13.7

30 7.49 75.03 18.8
303

40 12.36 69.10 23.0

50 18.25 63.50 26.5

20 3.00 85.00 14.2

30 6.28 79.07 19.8
313

40 10.15 74.63 24.9

50 15.54 68.92 28.7

20 2.35 88.25 14.7

30 5.14 82.87 20.7
323

40 8.92 77.70 25.9

50 12.82 74.36 31.0

20 1.92 90.40 15.1

30 4.31 85.63 21.4
333

40 7.31 81.73 27.2

50 11.71 76.58 31.9
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Table: 6 Separation factor (RL) values for the % removal of metal ions adsorption

Temp. Ci(mg/L) RL
20 0.22
30 0.16
303
40 0.13
50 0.10
20 0.22
30 0.16
313
40 0.12
50 0.10
20 0.19
30 0.14
323
40 0.11
50 0.09
20 0.16
30 0.11
333
40 0.08
50 0.07
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Table: 7 Thermodynamic Parameters for the % removal of Cu(Il) ions

Ci(mg/L) | Temperature (K) kqa AG°®(kJ/mol) | AH°(kJ/mol) | AS°(J/K mol)

303 4.68 -3.8895
313 5.67 -4.5147

20 19.9203 78.4
323 7.51 -5.4156
333 9.42 -6.2096
303 3.01 -2.7725
313 3.78 -3.4589

30 19.3051 72.8
323 4.84 -4.2335
333 5.96 -4.9432
303 2.24 -2.0278
313 2.94 -2.8076

40 18.8645 69.0
323 3.48 -3.3527
333 4.47 -4.1476
303 1.74 -1.3952
313 222 -2.0728

18.1827 64.7
50 323 2.90 -2.8599
333 3.27 -3.2806

Table 8: Adsorption kinetic parameters under different conditions for the % removal of

Cu(Il) ions removal

First order kinetics Second order kinetics Intra-particle
Parameters diffusion
(Lagergren plot) (Ho plot)
parameters
kl qe(cal) qe(exp) kZ Qe(cal) qe(exp) I(p
Conc.
pH | (102min lgal | MSSE | (102 [qeal MSSE _
(mg/L) (mg/g) | (mg/g) (mg/g) | (mglg) (mg/g.min)
D) min)
20 2 3.66 7.6 13.7 6.1 1.12 14.3 13.7 0.5 0.06
30 3 3.62 12.4 18.8 6.4 3.39 0.6 19.7 18.8 1 0.63 0.1
40 4 3.25 16.1 23 6.9 0.4 244 23 14 0.26
50 5 3.06 18.8 26.5 7.6 0.31 28.2 26.5 1.8 0.35
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Table 9: Langmuir, Freundlich, Temkin, Dubinin isotherms for the % removal of Cu(Il) ions

Langmuir Freundlich Temkin Dubinin-Raduskevich
Temp. Qo b Ky br ar E do
R? n R? R? R?
(mg/g) | (L/mg) (mg/g) (J/mol) | (L/g) kI | (mg/g)
303 34.4 0.17 0.9947 | 2.49 83 0.9992 | 326.2 1.6170 | 0.9951 | 0.5000 24.6 0.9377
313 38.8 0.18 0.9958 | 2.29 8.8 0.9966 | 291.4 1.5693 | 0.9941 | 0.7071 26.8 0.9431
323 413 0.21 0.9855 | 2.30 10.1 0.9992 | 286.5 1.9225 | 0.9947 | 0.8452 28.1 0.9459
333 41.5 0.27 0.9948 | 2.38 11.5 0.9972 | 295.2 | 2.4795 | 0.9953 1.000 29.2 0.9350
Table 10: Thermodynamic Parameters for the % removal of Cu(Il) ions
Ci Temperature I AG® AH° AS°
d
(mg/L) (K) (kdJ/mol) | (kJ/mol) | (J/K mol)
303 4.68 -3.8895
313 5.67 -4.5147
20 19.9203 78.4
323 7.51 -5.4156
333 9.42 -6.2096
303 3.01 -2.7725
313 3.78 -3.4589
30 19.3051 72.8
323 4.84 -4.2335
333 5.96 -4.9432
303 2.24 -2.0278
313 2.94 -2.8076
40 18.8645 69.0
323 3.48 -3.3527
333 4.47 -4.1476
303 1.74 -1.3952
313 2.22 -2.0728
50 18.1827 64.7
323 2.90 -2.8599
333 3.27 -3.2806
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Figure 1: Effect of pH on the % of removal of Cu(Il) ions
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Figure 2: Effect of temperature on the % of removal of Cu(Il) ions
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Effecf of contact time for Cu(ll) ions
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Figure 3: Effect of contact time on the % of removal of Cu(II) ions

Effect of Ci vs % of R for Cu(ll) ions
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Figure 4: Effect of initial concentration on the % of removal of Cu(II) ions
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100 - Effect of dose for Cu(ll) ions
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Figure 5: Effect of dose on the % of removal of Cu(Il) ions
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Figure 6: Langmuir isotherms for Cu(II) ions
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Freundlich isotherms for Cu(ll) ions
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Figure 7: Freundlich isotherms for Cu(II) ions
Temkin isotherms for Cu(ll) ions
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Figure 8: Temkin isotherms for Cu(II) ions
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D-R Isotherms for Cu(ll) ions
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Figure 9: D-R isotherms for Cu(II) ions
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Figure 10: Lagergren plots for Cu(II) ions
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Ho plots for Cu(ll) ions
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Figure 11: Ho plots for Cu(II) ions
Intraparticle diffusion plots for Cu(ll) ions
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Figure 12: Intra-particle diffusion plots for Cu(II) ions
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2 5000 Van't Hoff plots for Cu(ll) ions
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Figure 13: Van’t Hoff plots for Cu(II) ions

4. CONCLUSION

The adsorption of Cu(II) ions from aqueous solution on the adsorbent prepared from the seeds of

Sugar Apple was depend on pH and maximum metal ion was removed at pH 5. The best fitting of

experimental equilibrium data for Freundlich isotherm revealed the adsorption surface was

heterogeneous and multilayer adsorption was possible. The kinetic study of the adsorption process

was found to be pseudo-second order.
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