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      Chloroxylon Swietenia tree bark was used as an eco-friendly bio-adsorbent in our research work. This work investigates the adsorption 
efficiency of nickel using a batch adsorption technique. Chloroxylon swietenia, commonly known as East Indian satinwood, is also known 
as Porasu in Tamil. Chloroxylon swietenia activated carbon (CSAC) was prepared from Chloroxylon swietenia tree bark as an adsorbent. 
Effective experimental parameters such as carbon dosage, effect of pH parameter, contact time, pseudo-first order kinetic model, and 
Elovich model were employed for the removal of nickel from an aqueous solution. The equilibrium data was calculated using adsorption 
isotherm models such as Langmuir and Freundlich. The percentage removal of nickel was calculated by thermodynamic parameters. Our 
results proved that the removal of nickel by CSAC was endothermic and spontaneous in nature. The adsorption of nickel on CSAC was 
determined by using the Fourier transform infrared spectroscopy technique. 
 
Keywords: Chloroxylon Swietenia Activated Carbon (CSAC), Nickel(II) ions, Adsorption isotherm, Kinetic, contact time and sticking 
probability (S*) 

 
INTRODUCTION 
 
      Water is indispensable to human beings, plants, and 
animals. But recently, water has become easily polluted due 
to anthropogenic activities. The effluent contains many 
toxic metals such as Ni, Pb, Cd, etc. that are released into 
the environment from various chemical industries such as 
refinery oil plants, mining activities, electroplating, electro-
less nickel plating, manufacturing of batteries, rubber 
industries, plastic industries, and textile industries [1,2]. 
These toxic metals are very harmful to aquatic living 
organisms and human beings [3]. They lead to health  issues  
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such as kidney and lung damage, and gastrointestinal 
disorders. Nickel is abundant on the Earth. It is mainly used 
in nickel plating, the manufacturing of steam electric power 
plants, and nickel-cadmium batteries. Nickel compounds are 
carcinogenic in nature. It affects the lung in the human body 
[4,5]. Nickel is a well-known toxic pollutant. The high 
concentration of nickel also causes anemia, diarrhea, 
headache, chest pain, vomiting, tightness in chest, shortness 
and rapid breathing problems, and hepatitis [6]. 
      Coagulation, ion exchange, precipitation, adsorption, 
electrochemical processes, solvent extraction, and flotation 
techniques were used to remove nickel ions from waste 
water [7-10]. Consequently, there is a need for adsorption of 
nickel ions in waste water [11,12]. In order to overcome this  
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problem, we have employed activated carbon to remove the 
nickel from artificial solutions using adsorption techniques. 
Our aim in this research work is to introduce the 
Chloroxylon Swietenia Activated Carbon (CSAC) as a bio-
adsorbent synthesized from Chloroxylon Swietenia tree 
barks to remove the nickel ions in stock solution under 
different experimental methods such as carbon dosage, 
effect of initial pH, contact time, kinetic model, Langmuir 
adsorption isotherm, and Freundlich adsorption isotherm 
models. 
 
MATERIALS  
 
Adsorbate  
      In this work, GR grade reagents were used. The reagents 
were purchased from Madras Scientific Company, India. 
The Stock Solution (1000 ppm) has been prepared by 
Nickel(II) Nitrate hexa-hydrate and distilled water. This 
stock solution was once further diluted to the required 
concentrations before using.  
 
Adsorbent 
      Chloroxylon Swietenia tree bark was collected from 
Komapuram village near Pudukkottai, South India (Fig. 1). 
Freshly collected tree bark was dehydrated and dried well 
and carbonised with a minimum amount of conc. H2SO4, 
which was maintained at 160 °C for 8 h and 30 min. 
Thereafter, the obtained activated carbon was thoroughly 
cleaned and dried at 120 °C for one hour. It was dipped in 
5% NaHCO3 and left for a day to remove any remaining 
acid [13]. Carbonized fabric was heated at 1100 °C for half 
a day in a muffle oven. Finally, the dried powder was sieved 
with the aid of a mesh. 
 
EXPERIMENTAL METHODS  
 
Batch Adsorption Experimental Method 
      A Batch adsorption experiment was conducted in 
Erlenmeyer 250 ml flasks by using 50 ml of Ni(II) ion 
solution of different initial concentrations. The experimental 
tests were done in the temperature range of 30, 40, 50 and60 
°C. The initial pH was used in the removal of nickel using 
CSAC and was determined at a pH of 3 to 9 with 
concentration solution of  Ni ion.  This  method  was carried 

 
 

                                

                       
Fig. 1. Chloroxylon swietenia bark activated carbon. 

 
 
out in a mechanical shaker with time intervals. The pH 
values of the initial Ni(II) ion solution (50 mg l-1) were 
adjusted using a 0.1 molar solution of hydrochloric acid or 
sodium hydroxide solution. CSAC was mixed with Ni(II) 
ion solution and agitated for the sample until equilibrium 
was obtained. After the agitation, the Ni(II) ion solution was 
withdrawn at different time intervals, between 15 to 60 
minutes, and centrifuged at 120 rpm for 10 min. The 
following equations were used for the elimination of Nickel 
ion percentage [14].    
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Where Ci and Ct are the initial and liquid phase 
concentrations of Ni(II) at time ‘t’ (mg l-1), Q is the amount 
of nickel adsorption onto CSAC adsorbent at any time           
(mg g-1), m is the mass of CSAC, and V is the volume of 
solution of Nickel. 
 
RESULT WITH DISCUSSIONS 
 
Contact time for Adsorption of Nickel 
      The  agitation  time  for  the   removal  of  nickel  ion on 
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Fig. 2. Contact Time for Nickel Adsorption{[Nickel] = 
           20  mg  l-1;   Temperature   30  °C;   CSAC   of  

                Adsorbent dose = 0.025 g/50 ml}. 
 
 
CSAC was studied with time intervals, which are shown in 
Fig. 2. The percentage of removal of nickel ion increased 
with an increase in agitation time; thereafter, it attains 
equilibrium at 30 min. The percentages of removal 
efficiency of nickel ions at 10 to 30 min as a removal 
percentage of Ni(II) adsorption, were 32, 58 and 90%, 
respectively. The graph was gradually increased until it 
reached the saturation point of Ni(II) ion on CSAC [15]. 
 
Carbon Dosage for Adsorption Studies of Nickel 
      The carbon dosages studied for the percentage removal 
of nickel ion ranged from 0.025-0.250 g. The Percentage 
removal of nickel ion increased as carbon doses increased. 
The extended adsorption was due to an increase in active 
sites on the surface of CSAC. In Fig. 3, the maximum 
removal of nickel ions was at 20 mg l-1, and the adsorption 
dosage was 0.025 g/50 ml. Figure 3 also indicates that there 
is an increase in removal percentage as an adsorbent dosage 
increases to a certain point. Because of the availability of 
pore level in the surface area of CSAC, then it attains 
equilibrium due to the flow of adsorbate from liquid to the 
CSAC surface [16,17]. 
 
The Initial pH Parameter for Adsorption Studies 
      The initial pH solution was studied in the pH from 3 to 
9. As shown in figure, the percentage removal of nickel ions 
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Fig. 3. Carbon dosages for the removal of nickel 

       [Nickel] = 20 mg l-1; Temperature 30 °C;  
       Contact time 60 min}. 
 

 
increased to 89% before gradually declining after pH 6.4. 
The least pH value was obviously specified that the CSAC 
adsorbent may become positively charged as a result of 
being covered by H3O+ ions and thus, the competitive effect 
of H3O+ ions, the electrostatic repulsion between the Ni 
ions, and the positively charged active adsorption sites on 
the surface of the CSAC led to a decrease in uptake of Ni 
ions. At larger pH values, the active sites of CSAC receive a 
negative charge, leading to an increase in nickel ion due to 
the electrostatic forces [18]. 
 
Isotherm Models  
      Adsorption isotherm model. Isotherm models were 
used to describe the relationship between the mass of 
substances that held onto the adsorbent [19]. The qe value 
was calculated by the following formula. 
 
      

W
CCq t

e
)( 0                                                                (3) 

 
a) Freundlich isotherm for adsorption studies. Freundlich 
isotherm is an empirical formula, which is employed for the 
adsorption of solutes from solution onto solid surface. This 
expression is shown in Eq. (4). 
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Fig. 4. Graph pH for the elimination of nickel {[Nickel] 
                 = 20 mg l-1; Temperature 30 °C; Carbon dose = 
                0.025 g/50 ml-1}. 
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It can be linearized:  
 
      

eFe C
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Where qe: quantity of nickel ion held at equilibrium              
(mg g-1)  
Ce: concentration of nickel ion in the aqueous level at 
equilibrium (ppm) 
KF and 1/nf: Freundlich constants for adsorption capacity 
and adsorption intensity 
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Fig. 5. Freundlich adsorption isotherms for nickel  

                    adsorption. 
 
 
The KF  and 1/nF were calculated from the slope as well as 
intercept of the lnqe vs. lnCe plot and the values are shown 
in Tables 1 and 2. The values of KF specified that CSAC 
had a high adsorption capacity for Ni(II) removal in stock 
solution [20]. The nF should have values in the range of 1 
and 10 (i.e., 1/nf  < 1) to time to be determined as favourably 
adsorbed by CSAC, which is shown in Fig. 5. 
b) Langmuir model for nickel adsorption. According to the 
Langmuir adsorption isotherm theory, the active surfaces 
have equivalent affinity for the adsorbate. The 
Mathematical form of the Langmuir adsorption expression 
is represented as  
 
 
 
 
 
 
 
 
 
 
 
 
 

  Table 1. Equilibrium Parameters for the Removal of Nickel onto CSAC 
 

Ni  
Ce  

(mg l-1) 
Qe  
 

Removal  
(%) 

 30 oC 40 oC 50 oC 60 oC 30 oC 40 oC 50 oC 60 oC 30 oC 40 oC 50 oC 60 oC 
10 2.032 1.648 1.100 1.044 15.935 16.704 17.800 17.912 79.676 83.521 89.001 89.562 
20 6.042 5.496 4.967 3.846 27.915 29.009 30.066 32.307 69.789 72.522 75.166 80.768 
30 12.562 11.977 10.437 9.670 34.875 36.046 39.126 40.660 58.125 60.076 65.211 67.767 
40 19.272 17.624 16.718 15.681 41.457 44.752 46.565 48.638 51.821 55.940 58.206 60.797 
50 28.564 27.573 26.964 25.363 42.873 44.855 46.071 49.274 42.873 44.855 46.071 49.274 
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Here, qe is the quantity of nickel held in adsorbate at 
equilibrium (mg g-1), Ce is the concentration of nickel in the 
stock solution at equilibrium (ppm), qm is the maximum 
nickel intake (mg g-1), and KL is the Langmuir constants 
related to adsorption capacity and the adsorption energy 
(mg g-1). The linear plot of Ce/qe vs. Ce was plotted to find 
the values of qm and KL, shown in Fig. 6, and the collected 
data was given in Table 2. The values of KL decreased with 
an increase in temperature. The high values of KL show the 
more adsorption affinity. The equilibrium parameter (RL) is 
calculated by Eq. (7) [21,22]. 
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Where C0: - initial concentration of nickel ion 
The RL values for nickel ion removal were calculated from 
30 °C to 60 °C temperatures and different concentrations. In 
Table 3, at all tested concentrations and temperatures, the  
values of RL for Ni(II) removal on the CSAC were < 1 and 
> 0, which indicates that the adsorption was favorable.  
 
Analytical Evidence 
      FT-IR spectroscopy. The FT-IR spectra of fresh 
Chloroxylon Swietenia Activated Carbon before and after 
adsorption of nickel ions are shown in Fig. 7. This study 
determines the characteristic surface of the CSAC 
adsorbent, which is responsible for the  adsorption of  Ni(II) 
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Fig. 6. Langmuir model for the elimination of Nickel. 

 

                 Table 2. Isotherm Models for the Removal of Nickel Ions on CSAC 
 

Temperature 
 (°C) Types of adsorption isotherm Constant 

30 40 50 60 
KF (mg g-1) (l m-1)1/n 12.928 14.607 17.811 18.960 

nF 2.618 2.742 3.152 3.075 Freundlich 
R2 0.971 0.971 0.974 0.963 

Qm (mg g-1) 50.074 51.710 51.177 54.293 
KL (l m-1) 0.213 0.251 0.373 0.404 Langmuir 

R2 0.997 0.992 0.994 0.997 
 

 Table 3. The  RL Values  for  the  Removal   of   Nickel  
                Iions onto CSAC 

                
Temperature 

(C) Ni  
30 oC 40 oC 50 oC 60 oC 

10 0.1578 0.1374 0.0969 0.0902 
20 0.0857 0.0738 0.0509 0.0472 
30 0.0588 0.0504 0.0345 0.0320 
40 0.0448 0.0383 0.0261 0.0242 
50 0.0361 0.0309 0.0210 0.0194 

 



 

 

 

Shanmugam et al./Phys. Chem. Res., Vol. 10, No. 3, 315-324, September 2022. 

 320 

 
 

1-CSAC-Before Adsrob-
Name Description

4000 4003500 3000 2500 2000 1500 1000 500

100

0

10

20

30

40

50

60

70

80

90

cm-1

%
T

1121.12cm-1

1630.17cm-1

1399.63cm-1
1384.33cm-1

1316.64cm-1
3412.12cm-1

613.91cm-1
679.20cm-1

2924.40cm-1 594.60cm-1
780.59cm-12853.84cm-1

2333.48cm-1

 
 

2-CSAC- After Adsorb Nick-
Name Description

4000 4003500 3000 2500 2000 1500 1000 500

100

0

10

20

30

40

50

60

70

80

90

cm-1

%
T

1605.13cm-1
1124.57cm-1

1383.41cm-1

2333.12cm-12921.42cm-1
2853.29cm-1

 
Fig. 7. FT-IR Spectra for before and after adsorption of  

               nickel on CSAC. 
 
 
ions. A slight reduction in stretching vibration adsorption 
bands was obtained. The stretching vibration band for 
hydroxyl group was found at 3412 cm-1. It clearly shows 
that adsorption of nickel ions on CSAC adsorbent occurs by 
physical attraction forces, but not by the chemical forces 
[23,24]. 
   
Eeffect of Temperature 
      In this study, the nickel adsorption increased speedily 
from   303 k  to  333 k;   this   is   because   an   increase   in  

 
 
experimental temperature affects the adsorption and leads to 
an increase in surface coverage area of CSAC. It may also 
be the reason behind the increased infiltration of nickel into 
the inner micro pores at high temperature [20]. This 
indicates on endothermic adsorption process at controlled 
condition. 
 
Kinetics for Adsorption 
      The mechanism of the removal of nickel with rate can 
be calculated using adsorption kinetics. Accumulation of 
metal on the surface of the adsorbent can be evaluated by 
the following mechanisms: A) Initial speed binding of 
Nickel on CSAC adsorbent; B) Two kinetic models have 
been employed to analyze the adsorption of metals. 
      First-order pseudo kinetic method was employed for 
determination of adsorption reaction rate. It was proposed 
by Lagergren in 1898. The plot of ln(qe - qt) has been 
linearly related with time t. Value of ln(qe - qt) versus time t 
must impart a linear correlation from the values of k1 that is 
calculated from the slope [25]. 
Pseudo-first order for nonlinear form equation is given as 
 
      )(1 te

t qqk
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dq                                                               (8) 

 
Pseudo-first order for linear form equation is given as 
 
      tkqqq ete 1ln)ln(                                                       (9) 

 
Where qe and qt refer to the amount of Ni(II) ion adsorbed 
(mg g-1) at equilibrium and at any time, t (min), respectively 
and k1 (1 min-1) is the equilibrium rate constant for the 
pseudo-first order. Pseudo-second order for non-linear form 
equation is given as: 
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Pseudo-second order for linear form equation is given as 
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The  slope  and intercept of the  t/qt vs. t  plot  were  used  to 
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calculate the pseudo-second rate constant, k2, in pseudo- 
second order kinetic model. The equilibrium rate constant 
values (k2) were shown in Table 4. In Table 4, the value of 
R2 (0.9905) is correlated to the pseudo-second order model 
exposed of Ni(II) adsorption [26]. 
      Elovich model. The general Elovich equation is given 
by the following formula 
      )exp( t

t q
dt
dq

                                                          (12) 

 
Where α is the initial adsorption rate (mg g-1 min -1) and β is 
the desorption constant (g mg-1). To simplify the Elovich 
equation of Chien and Clayton (1980), it is assumed that  
αβt >> t, and by applying boundary conditions qt = 0 at t = 0 
and qt = qt at t = t Eq. (13) becomes: 
 
      

t
qt ln

1
)ln(

1

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Since removal of nickel fits with the Elovich model, a plot 
of qt vs. ln(t) should yield a linear relationship with the 
slope of (1/β) and an intercept of (1/β) ln (αβ). The values of 
α, β, and correlation coefficient () are shown in Table 4. 
The data such as α, β, and  were computed by the Elovich 
equation. It was specified that the values of α (initial 
adsorption rate) increased with temperature to the α values 
in pseudo-second order kinetics, which is due to increased 
active sites in CSAC. 
 
Thermodynamical Studies 
      Thermodynamic constants were calculated to prove the 
adsorption nature of the present investigation. The values of 
ΔG, ΔH, and ΔS were determined to assess the possibility of 
spontaneous thermodynamics. The entropy change and 
enthalpy change were calculated from the Van’t Hoff model 
[27]. 
From the plot values of lnK as ordinate and 1/T as abscissa, 

        Table 4. Adsorption Kinetics for the Removal of Ni(II) Ions on CSAC 
 

Second order kinetic (Pseudo) Elovich kinetic model 
Ni  

Temperature  
(C) qe k2 R2 H   R2 
30 24.4695 1.15E-03 0.9558 0.6858 1.4E+00 1.77E-01 0.9592 
40 21.3583 2.43E-03 0.9773 1.1092 2.6E+00 2.18E-01 0.9592 
50 19.9794 5.68E-03 0.9925 2.2679 1.5E+01 3.26E-01 0.9592 

10 

60 19.9224 6.19E-03 0.9935 2.4585 2.0E+01 3.44E-01 0.9592 
30 51.5329 3.31E-04 0.8236 0.8786 1.9E+00 9.12E-02 0.9058 
40 46.0919 5.33E-04 0.9104 1.1318 2.3E+00 9.54E-02 0.9288 
50 43.3668 7.94E-04 0.9654 1.4928 3.0E+00 1.00E-01 0.9601 

20 

60 41.6346 1.16E-03 0.9658 2.0124 4.5E+00 1.10E-01 0.9431 
30 52.9790 4.73E-04 0.7938 1.3276 2.8E+00 8.52E-02 0.8280 
40 51.7320 7.29E-04 0.9566 1.9508 4.0E+00 8.36E-02 0.9402 
50 59.0265 5.52E-04 0.9716 1.9235 3.8E+00 7.17E-02 0.9677 

30 

60 52.1389 1.17E-03 0.9990 3.1890 6.6E+00 8.45E-02 0.9889 
30 64.9919 4.96E-04 0.9728 2.0940 3.9E+00 6.20E-02 0.9734 
40 67.0329 5.23E-04 0.9929 2.3493 4.4E+00 6.08E-02 0.9905 
50 65.6576 6.56E-04 0.9927 2.8272 5.3E+00 6.23E-02 0.9820 

40 

60 66.5664 7.19E-04 0.9953 3.1839 6.0E+00 6.23E-02 0.9835 
30 122.7070 6.20E-05 0.4612 0.9339 2.3E+00 5.29E-02 0.8589 
40 109.8911 8.83E-05 0.5667 1.0663 2.5E+00 5.21E-02 0.8635 
50 87.0309 1.75E-04 0.6930 1.3274 2.9E+00 5.52E-02 0.8563 

50 

60 93.1346 1.61E-04 0.6531 1.3951 3.1E+00 5.16E-02 0.8425 
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we obtained the values of ΔH and ΔS using Eq. (15). We 
also obtained ΔG values from this equation.  
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Where  
ΔG: Free energy change (kJ mol-1),  
R: Universal gas constant (8.314J mol-1 K-1),  
K: Thermodynamic equilibrium constant,  
T: Absolute temperature (K). 
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The ΔS, ΔH, and ΔG values were obtained from the plot of 
log(qe/Ce) vs. 1/T.  
The enthalpy for physisorption was reported to be between 
3.0 and 63.0 kJ mol-1 in liters. The ΔH values ranged from  
1 to 8 kJ mol-1 are shown in Table 5, which indicate that the 
adsorption of Ni ion on CSAC was physisorption. The 
positive value of ΔH and the negative value of ΔG indicate 
that the adsorption of nickel  onto  CSAC was  endothermic  

 
 
 
 
 
 
 
 
 
 
 
 
 
and spontaneous in nature. The values of activation energy 
(Ea) and sticking probability (S*) were calculated from the 
slope and intercept of the plot of ln(1 - θ) vs. 1/T, which 
derived from the modified Arrhenius type equation and is 
related to surface coverage (θ) as given in the following 
equations. 
 
      )1(
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The S* value is dependent on the temperature of the system, 
which supports physical adsorption. The values are listed in 
Table 5. The ΔG° values were negative at all temperatures 
indicate that the reaction was spontaneous. The ΔG° values 
are shown in Table 5. Again, positive ΔH° values confirm 
that the adsorption was endothermic in nature. The positive 
value of ΔS° reflects the affinity of the adsorbent toward 
Ni(II) ion. The results are shown in Table 5, which indicate 
that the probability of the Ni(II) ion held on the surface of 
the adsorbent is very high as S* << 1; these values proved 
the possibility of physical adsorption. 
 
CONCLUSIONS  
 
      This investigation was to evaluate whether CSAC could 
be employed as an alternative biosorbent for the adsorption 
of heavy metals in industrial effluents due to the high 
adsorption efficiency of nickel from stock solution. The 
adsorption of nickel ion using CSAC was affected by the 
effects  of  pH,  temperature,  contact  time,  and  adsorbent  

Table 5. Thermodynamic Quantities for the Removal of Nickel Ions on CSAC 
 

∆Go 

Ni  
30 C 40 C 50 C 60 C 

H S Ea S* 

10 -3441.550 -4223.533 -5614.746 -5951.023 23.725 89.727 2.023E+04 6.593E-05 
20 -2109.143 -2525.574 -2974.087 -3972.875 16.081 59.674 1.212E+04 2.545E-03 
30 -826.047 -1063.429 -1687.280 -2057.230 12.264 42.996 7.720E+03 1.989E-02 
40 -183.565 -621.217 -889.533 -1214.810 10.010 33.766 5.642E+03 5.098E-02 
50 -723.101 -537.486 -422.868 -80.415 6.876 20.235 3.163E+03 1.636E-01 
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dose. The removal of nickel on CSAC was determined at 
90% when 0.025 g of CSAC was agitated with a nickel 
solution of 20 mg l-1 for 30 min. The equilibrium data was 
fitted using isotherm models. According to pseudo-first 
order kinetics, the adsorption data was favorable. Analytical 
studies proved the characteristics of an adsorbent as well as 
the adsorption of Ni(II) ion onto CSAC. The negative 
values of  ΔG° clearly indicated the spontaneity of nickel 
adsorption. The positive values of ΔS and the positive 
values of ΔH° indicated that they were endothermic in 
nature. The feasibility of nickel adsorption on activated 
carbon prepared from Chloroxylon Swietenia tree bark was 
proved by adsorption isotherm models, kinetic model, and 
thermodynamic studies.  
 
ACKNOWLEDGMENTS 
 
      Author (s) fully acknowledges the help extended by PG 
Research, Department of Chemistry, Poombuhar College, 
Tamil Nadu, India. 
 
 REFERENCE 
 
[1] Fenglian, F.; Qi, W., Removal of heavy metal ions from 

waste waters. A review. J. Environ. Manage. 2010, 92, 
407-418, DOI: 10.1016/j.jenvman.2010.11.011.     

[2] Yadav, S.; Srivastava, V.; Banerjee, S.; Gode, F.; 
Sharma, Y. C., Studies on the removal of Ni(II) ions 
from aqueous solutions using modified riverbed sand. 
Environ. Sci. Pollut. Res. Int. 2013, 20, 558-567, DOI: 
10.1007/s11356-012-0892-2.                                          

[3]  Comen, V.; Robotin, B.; Ilea, P., A review. Nickel 
recovery/removal from industrial wastes: A review. 
Resour. Conser. Recycling. 2013, 73, 229-238, DOI: 
10.1016/j.resconrec.2013.01.019. 

[4] Eman A, Al-Abbad.; Reyad A, Al Dwairi., Removal of 
nickel(II) ions from water by Jordan natural zeolite as 
sorbent material, J. Saudi Chem. Soc. 2021, 25, 101-
233, DOI: 10.1016/j.jscs.2021.101233. 

[5] Manal El-Sadaawy.; Ola Abdelwahab., Adsorptive 
removal of nickel from aqueous solutions by activated 
carbons from doum seed (hyphaenethebaica) coat.  
Alex. Eng. J. 2014, 53, 399-408, DOI: 10.1016/ 
j.aej.2014.03.014. 

 
 

[6] Rafael, A.; Fonseca, C., Thermodynamic study of 
nickel ions onto carbon aerogels, Heliyon, 2019, 5, 
DOI: 10.1016/j.heliyon.2019.e01789.   

[7] Dabrowski, A.; Hubicki, Z.; Podkoscielny, P.; Robens, 
E., Selective removal of heavy metal ions from water 
and industrial waste water by ion exchange method. 
Chemosphere. 2004, 56, 91-106, DOI: 10.1016/ 
j.chemosphere.2004.03.006. 

[8] Shaidan, N. H.; Eidemerdash, U.; Awad, S., Removal 
of Ni(II) ion from aqueous solutions using fixed-bed 
ion exchange column technique. Taiwan Inst. Chem. 
Engg. 2012, 43, 40-45, DOI: 10.1016/ 
j.jtice.2011.06.006.  

[9] Zhang, H.; Yu, X. J.; Chen, L.; Geng, J. Q., 
Investigation of radionuclide 63Ni(II) sorption on 
ZSM-5 zeolite. Radioanal. Nucl. Ch, 2010, 286, 249-
258. DOI: 10.1007/s10967-010-0656-8. 

[10] Heidmann, I.; Calmano, W., Removal of Zn(II), Cu(II), 
Ni(II), Ag(I) and Cr(IV) present in aqueous solutions 
by aluminium electrocoagulation, J. Hazard. Mater. 
2008, 152, 934-941, DOI: 10.1016/ 
j.jhazmat.2007.07.068.  

[11] Sekar, M.; Sakthi, V.; Rengaraj, S., Kinetics and 
equilibrium adsorption study of lead(II) onto activated 
carbon prepared from coconut shell. J. Colloid 
Interface Sci. 2004, 279, 307-313, DOI: 
10.1016/j.jcis.2004.06.042. 

[12] Vegilio, F.; Beolchini, F., Removal of metals by 
biosorption: a review hydrometallurgy. 1997, 44, 301-
316, DOI: org/10.1016/S0304-386X (96)00059-X.  

[13] Ghosh, A.; Das Saha, P., Optimisation of copper 
adsorption by chemically modified fly ash using 
response surface methodology modeling. Desalin. 
Water Treat. 2012, 49, 218-226, DOI: 
org/10.1080/19443994.2012.719324. 

[14] Shweta Gupta.; Arinjay Kumar., Removal of nickel(II) 
from aqueous solution by biosorption on A. barbadensis 
miller waste leaves powder. Appl. Water Sci. 2019, 9, 
96, DOI: org/10.1007/s13201-019-0973-1. 

[15] Arab, C.; El Kurdi, R.; Patra, D., Efficient removal of 
congo red using curcumin conjugated zinc oxide 
nanoparticles as new adsorbent complex. Chemosphere. 
2021, 276, 130-158, DOI: 10.1016/ 
j.chemosphere.2021.130158. 



 

 

 

Shanmugam et al./Phys. Chem. Res., Vol. 10, No. 3, 315-324, September 2022. 

 324 

 
 

[16] Potgieter, J. H.; Potgieter-Vermaak, S. S.; 
Kalibantonga, P. D., Heavy metals removal from 
solution by palygorskite clay. Miner. Eng. 2006, 19, 
463-470, DOI: 10.1016/j.mineng.2005.07.004. 

[17] Chaari, I.; Fakhfakh, E.; Chakroun, S.; Bouzid, J.; 
Boujelben, N.; Feki, M.; Rocha, F.; Jamoussi, F., Lead 
removal from aqueous solutions by a Tunisian smectitic 
clay. J. Hazard. Mater. 2008, 15, 156, 545-551, DOI: 
10.2495/ST110411. 

[18] Negm, N.; El Sheikh, R.;  El-Farargy, A.; Hefni, H. H.; 
Bekhit, M., Treatment of industrial wastewater 
containing copper and cobalt ions using modified 
chitosan, J. Ind. Eng. Chem.  2015, 21, 526-534, DOI: 
org/10.1016/j.jiec.2014.03.015. 

[19] Baby AbrarUnnisa Begum, N.; Devanna, N.; Ramesh 
Chandra, P.; Razia Sultana, Removal of zinc(II)               
and Ni(II) by using bio-polymer “Chitin. Open                
Chem. J. 2018, 5, 172-181, DOI: 10.2174/ 
1874842201805010172. 

[20] Lodewyckx, P.; Verhoeven, L., The applicability of the 
dubinin-radushkevich equation to the very low pressure 
region of isotherms of various micro porous solids. 
Stud. Surf. Sci. Catal. 2002, 144, 731-735, DOI: 
10.1016/S0167-2991(02)80203-8. 

[21] Saha, B. B.; El-Sharkawy, I. I.; Thorpe, R.; Critoph, R. 
E., Accurate adsorption isotherms of R134a onto 
activated carbons for cooling and freezing applications. 
Inr. J. Refrig. 2012, 35, 499-505, DOI: 
10.1016/j.ijrefrig.2011.05.002. 

[22] Betancur,     M.;    Bonelli,    P. R.;   Velasquez,    J. A.;  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Cukierman, A. L., Potentiality of lignin from the Kraft 
pulping process for removal of trace nickel from 
wastewater: Effect of demineralization. Bioresour. 
Technol. 2009, 100, 1130-1137, DOI: 10.1016/ 
j.biortech.2008.08.023. 

[23] Khoo, W.; Nor, F.; Ardhyananta, H.; Kurniawan, D., 
Preparation of natural hydroxyapatite from bovine 
femur bones using calcination at various temperatures. 
Procedia Manuf. 2015, 2, 196-201, DOI: 10.1016/ 
j.promfg.2015.07.034. 

[24] Song, Y.; Gao, J.; Zhang, Y.; Song, S., Preparation and 
characterization of nano-hydroxyapatite and its 
competitive adsorption kinetics of copper and lead        
ions in water. Nanotechnol. 2016, 6, 1-8, DOI: 
10.1177/1847980416680807. 

[25] EI-Naggar, I. M.; Ahmed, S. A.; Shehata, N.; 
Sheneshen, E. S.; Mahmoud, F., Shehata. A novel 
approach for the removal of lead(II) ion from 
wastewater using Kaolinite/Smectite natural composite 
adsorbent. Appl. Water Sci. 2019, 9, 1-13, 
DOI: 10.1007/s13201-018-0845-0. 

[26] Igberase, E.; Osifo, P.; Ofomaja, A., The adsorption of 
copper(II) ions by polyaniline graft chitosan beads from 
aqueous solution: Equilibrium kinetic and desorption 
studies. Journal of Environ. Chem. Eng. 2014, 2, 362-
369, DOI: org/10.1016%2Fj.jece.2014.01.008. 

[27] Jiang, M. Q.; Jin, X. Y.; Lu, X. Q.; Chen, Z. L., 
Adsorption of Pb(II), Cd(II), Ni(II) and Cu(II) onto 
natural kaolinite clay. Desalination. 2010, 252, 33-39, 
DOI: org/10.1016/j.desal.2009.11.005. 

 
 
 
 


