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A novel and effective bio-adsorbent based on magnetic activated carbon nanocomposites (MCHLAC) has been created 

from citrus hystrix leaves (CHL) as agricultural waste and then utilised for Ni(II) removal. Different parameters such as 

contact duration, metal ion concentration, pH, adsorbent dosage and temperature are optimised for the removal of Ni(II) 

metal. The FTIR, SEM, EDX, BET and TEM analysis are used to investigate the functionality, surface morphology, and 

elemental structure of CHL and MCHLAC. The adsorption isotherms fit well to Langmuir model and the maximum 

adsorption capacities of CHL and MCHLAC was 40.17 and 420.75 mg g-1, respectively. Kinetic studies show that the CHL 

and MCHLAC are well fitted with the pseudo-second-order due to surface processes involving chemical adsorption of Ni(II) 

ions. Furthermore, the thermodynamic analysis of the process reveals that Ni2+ ion adsorption by the produced magnetic 

activated carbon is exothermic and spontaneous. According to the adsorption-desorption results, the MCHLAC can be used 

up to five cycles with excellent efficiency. As a result, the findings indicate that the magnetic nanocomposite loaded 

activated carbon, which demonstrated high efficiency, could be an effective option for a long-term water purification. 

Keywords: Citrus hystrix leaves, Desorption, Kinetics, Magnetic nanocomposite, Nickel(II) removal  

Introduction 

Environmental pollution is the main factor that is 
adversely influencing human health. Many nations 
throughout the world lack the water needed to meet 

both human and ecosystem water needs as a result of 
industrial and population growth

1
. There are many 

causes of pollution, but two important ones are natural 
and human-made. The wastewater from industrial 
establishments makes up the majority of wastewaters 
that contain a variety of harmful metal ions. One of 

the most prevalent pollutants in wastewater is heavy 
metals, and numerous government agencies have 
implemented severe environmental regulations on 
these wastewater discharges

2
. One of the toxic heavy 

metal pollutants among the various heavy metals is 
Ni(II), which is released into wastewater during a 

variety of industrial processes, such as the 
manufacturing of steel, batteries, metal plating, 
smelting, and electronics

3
. The presence of Ni(II) in 

drinking water above the allowable limit (3 mg L
-1

) 
can cause headaches, nausea, dizziness and vomiting, 
as well as chest pain, rapid respiration, cyanosis,  

and extreme weakness
4
. Because of the toxic  

effects of this metal, removing it from water and 
wastewater is critical for public health and the 
environment. 

Numerous strategies for removing heavy metals 
from wastewaters have been researched in recent 
years, including chemical oxidation, membrane 

processes, coagulation, solvent extraction, ion 
exchange, distillation, biological treatment, reverse 
osmosis, and electrochemical methods

5-8
. Adsorption, 

which is one of numerous treatment methods used, is 
the safest since it is simple to use, effective at 
purifying, inexpensive, and ecologically acceptable. A 

variety of adsorbent materials are used to remove 
heavy metals from wastewater, including activated 
carbon, clays, chitosan, zeolites, and agricultural 
waste

9
. The development of magnetic nanoparticle-

loaded activated carbon from a variety of agricultural 
wastes, including oyster shell

10
, animal bone waste

11
, 

palm kernel shell
12

, corncob
13

, palm oil shells
14

, 
prawn shell

15
, peanut shell

16
, oak shell

17
, cucumismelo 

peel
18

, pomegranate
19

, plum stone
20

 have been 
successfully used for the removal of heavy metals 
form aqueous solution and wastewater. 
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Citrus hystrix leaves (CHL) is a kind of 

economical, environmentally friendly, abundant 

agricultural waste which is available in large amount. 

The synthesis of nanocomposite from agricultural 

waste provides unique physiochemical properties such 

as high surface area, mechanical and thermal 

properties, and is expected to influence the sorption 

capacity and increase the removal efficiency of heavy 

metals
21

. 

The objective of this study is to prepare the 

adsorption potential of new environmentally 

acceptable a magnetically loaded activated carbon 

sorbent developed from agricultural waste such as 

CHL to remove Ni(II) ions from aqueous solution. 

The adsorbent was characterized by using various 

techniques like FTIR, SEM, EDX, BET and TEM. 

The impact of several parameters, including contact 

time, adsorbent dosage, pH, and the initial 

concentration of Ni(II) ions, was investigated. 

Adsorption isotherms and kinetics were tested and 

evaluated the possible adsorption mechanism. 

Furthermore, the exothermic, spontaneity, and 

reusability of the nanocomposite were evaluated. 

 

Experimental Section 
 

Synthesis of citrus hystrix leaves (CHL) powder 

Citrus hystrix leaves were collected from the local 

area in Namakkal district, Tamil Nadu, India, and 

washed carefully with deionised water to remove dust 

particles and other impurities. The collected raw 

materials was dried in a hot air oven at 100℃ for 8 h 

and crushed into powder and stored in a bottle.  
 

Preparation of magnetic citrus hystrix leaves based activated 

carbon (MCHLAC)  

About, 12 g of anhydrous ferric chloride (FeCl3) 

and 6 g of hydrated ferrous chloride (FeCl2.6H2O) 

were mixed in 200 mL of distilled water and stirring 

vigorously at 80℃ for 30 min. Then 10 g of CHL 

powder was added and the solution was stirred for 1 

h. Then 20 mL of 25 % NaOH solution was added 

drop wise and stirring was continued until the black 

coloured precipitate was obtained. The precipitate was 

filtered and dried at 100℃ for 12 h. The resultant 

impregnated samples were activated at 350℃ for 3 h 

in a muffle furnace. After cooling, the activated 

sample were washed with deionised water until the 

pH of the filtrate was about 6-7, and dried in a hot air 

oven for 6 h at 110℃. The obtained samples were 

named as magnetic citrus hystrix leaves based 

activated carbon (MCHLAC) and stored in a bottle 

then used for further experiments. 
 

Preparation of Ni(II) solutions  

The stock solution of Ni(II) ions (1000 ppm) were 

prepared by dissolving 4.479 g of nickel sulphate in 

1000 mL of distilled water. For pH adjustment HCl 

and NaOH solution (0.1– 1 M) were used. The nickel 

containing industrial wastewater was collected from 

M S plates in Perundurai in Erode district, India. 
 

Batch adsorption experiments 

Batch adsorption studies have been carried out in 

plastic bottles of 300 mL capacity containing 100 mL 

of 20 mg L
-1 

initial Ni(II) concentration and 100 mg 

of adsorbent at pH 7.0. Then the reaction mixture was 

shaken in a temperature controlled shaker at a 

constant speed of 200 rpm at room temperature for 

changing the time for various intervals. The influence 

of solution pH was identified by adjusting the pH to a 

specific value by using 0.1 N of HCl/NaOH solutions. 

The isotherm studies were conducted varying the 

initial Ni(II) concentration as 10-60 mg L
-1

 at 27, 37, 

47 ℃. The kinetic studies were conducted for the 

Ni(II) concentrations over the range of 20 mg L
-1

 at an 

optimum pH and at room temperature. Each 

experiment was carried out more than once, and the 

average results are taken in this work. After the 

equilibrium period, the content was centrifuged, 

filtered, and an atomic absorption spectrophotometer 

(Elico Model-SL 163) was used to measure the 

quantities of Ni(II) ions.The percentage removal of 

nickel(II) and adsorption capacity was estimated 

under the following Eqs (1) and (2): 
 

% Removal of nickel =
C₀−Ce

𝐶₀
x 100             … (1)  

 

Adsorption capacity (qe) = 
C₀−Ce  

M
xV             … (2) 

 

where Ce and Co are the equilibrium and initial 

concentrations of Ni(II) (mg L
-1

); V is the volume of 

Ni(II) solution (L); M is the mass of the adsorbent 

used (g); qe is the adsorption capacity at equilibrium 

(mg g
-1

), respectively. 

 

Results and Discussion 
 

Fourier transforms infrared spectroscopy studies 

The effect of nickel ion adsorption on the surface 

functional groups of the synthesized adsorbent was 

investigated using FTIR analysis in the spectrum 

range of 400-4000 cm
-1

 and the results are presented 

in Fig. 1 (a) & (b).The bands within the range of 3448  
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-3474 cm
-1 

correspond to OH group (alcohols, phenols 

and carboxylic acids) which is accountable for the 

metal binding process in CHL and MCHLAC
22

. The 

peak at about the range of 2922-2924 cm
-1 

denotes the 

aliphatic C-H groups
23

. The peaks observed at 1701-

1744 cm
-1 

could be designated the C=O stretching 

vibration of carboxyl groups
24

. At the same time as 

comparing the both raw and magnetic activated 

carbon, there are various functional group values are 

shifted on the surface of MCHLAC and Fe-O group is 

observed at a frequency of 551.64 cm
-1 (Ref. 25, 26)

. The 

FTIR spectrum of Ni(II) ions loaded CHL and 

MCHLAC shows that the peaks are shifted slightly 

from their original arrangement and their values of 

intensity are also distorted. From the above results 

clear that the hydroxyl and carboxylic acid groups in 

CHL, in addition to that Fe-O groups are present  

in MCHLAC, which is responsible for the adsorption 

of Ni(II) ions.  
 

Scanning electron microscopy (SEM), Energy dispersive  

X- ray spectroscopy (EDAX) studies, BET and TEM analysis 

SEM analysis was used to analyse the surface 

modifications of the present adsorbent before and 

after the treatment. SEM images of CHL and 

MCHLAC before and after the adsorption of 

nickel(II) ions are shown in Figs 2 (a)-(d). The 

adsorbent surface has pores, ripplings, and holes, 

which increase its specific surface area and vacant 

 
 

Fig. 1 — FTIR spectra of (a) CHL & Ni+ CHL and (b) MCHLAC 

& Ni+MCHLAC 
 

 
 

Fig. 2 — SEM images of (a) CHL, (b) Ni+ CHL, (c) MCHLAC and (d) Ni+MCHLAC 
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active sites for nickel ion adsorption (Fig. 2a & c). 

Furthermore, the majority of the surface pores were 

occupied and covered by the adsorbed Ni(II) ions 

after the adsorption process (Fig. 2b & d). 

EDX analysis of the CHL and MCHLAC before 

and after the adsorption of Ni(II) ion is shown in  

Figs 3 (a)-(d). The elemental analysis of the CHL and 

MCHLAC surface is determined by EDX showed that 

the presence of Ca and Fe (Fig. 3c) are considered to 

be an effective binding adsorption sites. According to 

the EDX result in Fig. 3 (d) after the nickel(II) 

adsorption, the Ca and Fe elements containing peaks 

are vanished and are replaced by Ni(II). This could be 

indicated that the presence of Ni(II) ion through metal 

binding process which is confirmed by EDX analysis. 

The specific surface area, average pore diameter 

and pore volume were analysed by BET (Fig. 4) was 

95.152 m
2
 g

-1
, 2.685 nm and 0.124 cc g

-1
,respectively, 

which showed that the surface was smooth, irregular 

which supported the adsorption process. This high 

surface area of adsorbent's surface is more effective 

for the elimination of Ni(II) ion. TEM micrographs as 

shown Fig. 5 revealed the presence of nearly spherical 

iron oxide nanoparticles deposited on mesoporous 

carbon nanolayer. The average particles size is 

calculated to be 6 nm. Fig. 5 (b) shows that HRTEM 

profile of iron oxide core on carbon nanolayer and 

interlayer distance is found to be 0.213 nm. The 

dispersion of magnetic particles on the magnetic 

activated carbon surfaces would influence the ease of 

aqueous ion access to surface active sites of the 

carbon and to some pores. Thus, the number of sites 

available for Ni
2+ 

adsorption, and thereby the kinetic 

and equilibrium behaviour of the adsorption process, 

are influenced. 
 

Influence of contact time and initial metal ion concentration 

Contact time is a significant factor in determining 

adsorption kinetics. Percentage removal of Ni(II) ions 

was calculated as a function of agitation time (30- 

180 min) and initial Ni(II) concentrations (20- 40 mg 

L
-1

) at pH 7.0 and constant CHL and MCHLAC dose 

 
 

Fig. 3 — EDX images of (a) CHL, (b) Ni+ CHL, (c) MCHLAC and (d) Ni+MCHLAC 

 
 

Fig. 4 — BET-BJH analysis for synthesised MCHLAC 
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of 100 mg. Fig. 6 shows that the percentage of Ni(II) 

elimination reached a maximum within 120 min and 

then remained relatively unchanged. The rapid removal 

efficiency during the first 120 min could be attributed 

to availability of free active sites at the adsorbent 

surfaces gradually occupied with time by metal ions. 

As the binding sites became exhausted, the uptake rate 

slowed down due to competition for decreasing 

availability of actives sites by metal ions. Hence, the 

optimal contact time was found to be 120 min and 

maintained for further experiments. Secondly, the 

Ni(II) removal capacity decreased with increasing 

initial Ni(II) concentrations. At higher concentration, 

the availability of Ni(II) ions are more which in turn 

might provide higher driving force is supplied for the 

metal ions from the solution to the sorbents.  
 

Influence of solution pH 

Solution pH is thought to be one of the most 

important environmental factors in determining the 

value of primary application of an adsorbent since it 

affects the surface charge of the material, its capacity 

for adsorption, and the kinds of heavy metal ions that 

are present in aqueous solutions. Fig. 7 illustrates the 

results of a study that examined the impact of pH on 

the removal of Ni(II) ions from aqueous solution onto 

CHL and MCHLAC throughout a pH range of 2–10. 

At low pH values, H
+
 ions occupy most of the 

adsorption sites on the adsorbent surface and less 

nickel could be adsorbed because of electric repulsion 

with H
+
 ions on adsorbent surface. When the pH value 

increases, adsorbent surface is more negatively 

charged and the adsorption of Ni(II) ions increased 

and reached maximum removal at pH 6.0. The 

decrease in adsorption efficiency at higher pH (>6.0) 

was due to the formation of soluble hydroxylated 

complexes of the nickel ions and their competition 

with the active sites as a result, the retention would 

decrease again
28

. This is because the creation of 

nickel hydroxide reduces the likelihood that free 

Ni(II) ions exist in the basic medium
27, 28

. Hence, an 

 
 

Fig. 5 — (a) TEM profile (b) HRTEM profile for synthesised MCHLAC 
 

 
 

Fig. 6 — Effect of contact time for removal of Ni(II) ions at 

different concentrations of Ni(II) ions 
 

 
 

Fig. 7 — Effect of solution pH for removal of Ni(II) ions 
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optimum pH value of 6.0 was fixed for further 

studies. The possible sorption mechanism that may 

takes place at different pH condition represented as 

follows: 
 

MCHLAC–OH             MCHLAC –O
-
 + H

+ 

MCHLAC – O
- 
+ Ni

2+
                 MCHLAC – O – Ni 

 

Influence of CHL and MCHLAC dose 

The effect of CHL and MCHLAC dose of 50-250 

mg on the elimination of Ni(II) removal was tested by 

a Ni(II) concentration of 20 mg L
-1

 at pH 6.0. Fig. 8 

shows that increasing the doses of CHL and 

MCHLAC from 50-250 mg and 50-100 mg, 

respectively, enhanced the uptake of Ni(II) ions, but 

after that the removal percentage remained constant 

and reached its maximum removal of 70. 5 ± (0.4) 

and 99.4 ± (0.3) % at 0.25 and 0.1 g, respectively. 

Increasing the dosage of CHL and MCHLAC could 

increase adsorption sites and bring more available 

exchangeable sites, resulting in increased removal of 

Ni(II) ions from aqueous solutions by CHL and 

MCHLAC. 
 

Studies on adsorption isotherm and thermodynamic process 

Adsorption isotherms are frequently used to predict 

the effectiveness of sorbents and the nature of their 

interactions with contaminants
29

. These models might 

reveal details about the adsorption capabilities and 

surface characteristics of adsorbents. The adsorption 

data were characterised, investigated, and modelled 

using several isotherms linking Ni(II) adsorption per 

unit mass of the adsorbent to arrive at equilibrium 

concentrations of Ni(II) pollutants. In this work, the 

equilibrium data of potentially hazardous metal ions, 

namely Ni(II) ions, were compared with three 

different isotherm models at different temperatures, 

including Langmuir
30

, Freundlich
31

, Dubinin-

Radushkevich
32

, Temkin
33

, and Sips
34

 in order to 

discover the best fitting model. The Langmuir, 

Freundlich, Dubinin-Radushkevich, Temkin, and Sips 

models are expressed as the following Eqs. 1, 2, 3, 4 

and 5, respectively. 
 

qe = 
qm KL Ce

1+KL Ce
      ... (1) 

 

qe = KFCe
1/n

      ... (2) 
 

qe= qmD e
-βε²     

... (3) 
 

qe = B ln(ACe)      ... (4) 
 

qe = qmax

Ks C e


1+Ks C e
       ... (5) 

 

RL = 
1

1+𝐾𝐿𝐶0
      ... (6) 

 

ε = RTln[1+
1

Ce
]      ... (7) 

 

E= [
1

 2β
]      ... (8)  

 

Where qm, KL, KF, n, A, B, qmD, β and E are the 

isotherm parameters of these models. The results of 

the isotherm constants, such as correlation 

coefficients (R
2
), sum of squares error (SSE) and root 

mean squared error (RMSE), were determined from 

the plot of qe versus Ce (Figs. 9a and b), and these are 

shown in Table 1. As summarized in Table 1, the 

results shows that the better fitting of the data by the 

Langmuir model compared with other five isotherm 

models based on the greater R
2
 values and small SSE, 

RMSE values. This observation confirms the 

homogeneous monolayer coverage of Ni(II) ions onto 

CHL and MCHLAC. The maximum monolayer 

adsorption capacity of Ni(II) ions onto MCHLAC was 

found to found to be 420.75 mg g
-1

, which was about 

10.5 times greater than that of CHL (40.17 mg g
-1

). 

From this study, the uptake of Ni(II) ions onto CHL 

and MCHLAC from aqueous medium is decreased 

with increasing temperature indicating that the 

adsorption process is exothermic in nature.  

Thermodynamic parameters were established at 

various temperatures (298 to 328 K) to assess the 

adsorption capacity of Ni(II) ions onto CHL and 

MCHLAC. (Fig. 10a). As shown in Fig. 10a, rising 

temperature causes a rise in qe, indicating that the 

process of adsorption thermodynamic is exothermic. 

Furthermore, the findings from Fig.10b and Table 1 

indicated that the adsorption process was spontaneous 

and thermodynamically favourable under the 

 
 

Fig. 8 — Effect of adsorbent dose for removal of Ni(II) ions 



INDIAN J CHEM TECHNOL, SEPTEMBER 2024 

 

 

798 

experimental circumstances due to the negative 

enthalpy and entropy change. 

The adsorptions capacities of CHL and MCHLAC 

towards Ni
2+ 

have been compared with various 

adsorbents reported in the literature and are listed in 

Table 2. It could be concluded that the monolayer 

adsorption capacity is comparable to other 

researcher’s results. It showed that MCHLAC has a 

promising adsorbent for the removal of Ni(II) ions 

from aqueous solutions. 

 
 

Fig. 9 — Nonlinear isotherm for the elimination of Ni(II) ions by (a) CHL and (b) MCHLAC 
 

Table 1 — Nonlinear equilibrium isotherm factors and thermodynamic parameters for the removal of Ni(II) ions 

Isotherm model  

Parameters 

 

CHL 

 

MCHLAC 

27℃ 37℃ 47℃ 27℃ 37℃ 47℃ 

Langmuir 

 

qm (mg g-1) 40.17 38.91 35.83 420.75 370.45 330.36 

KL (L mg-1) 0.700 0.299 0.162 0.453 0.382 0.290 

RMSE 3.593 3.761 3.976 1.503 1.576 1.986 

R2 0.990 0.991 0.992 0.991 0.990 0.991 

SSE 51.63 56.59 63.22 15.77 18.99 20.67 

Freundlich 

 

KF (mg g-1) 5.801 3.888 2.370 15.28 11.06 8.295 

n (g L-1) 1.819 1.475 1.197 3.210 2.597 2.244 

RMSE 2.917 2.101 1.616 2.505 2.598 2.550 

R2 0.933 0.924 0.919 0.941 0.937 0.925 

SSE 10.44 17.66 34.04 25.10 27.00 26.07 

Dubinin- 

Radushkevich 

 

qmD (mg g-1) 21.67 20.58 18.32 32.64 28.25 26.54 

β x 10-7 ((mol.K kJ-1)2) 3.875 3.786 3.467 1.434 1.316 1.487 

E (kJ mol-1) 1.136 1.149 1.200 1.867 1.949 1.834 

RMSE 3.331 3.654 4.036 5.224 5.327 5.243 

R2 0.887 0.879 0.866 0.822 0.767 0.792 

SSE 65.15 53.42 44.39 89.56 78.40 64.36 

Temkin 

 

A (L mg-1) 0.629 0.446 0.334 9.077 3.311 1.841 

B 5.231 5.922 6.601 3.106 3.509 3.711 

RMSE 1.719 1.513 2.234 2.750 3.025 3.144 

R2 0.964 0.924 0.912 0.945 0.933 0.910 

SSE 11.83 15.44 16.78 30.25 36.59 39.53 

Sips 

 

qmax(mg g-1) 49.92 39.63 32.40 157.4 132.3 111.3 

Ks (L/mg)  0.298 0.107 0.030 0.542 0. 432 0.110 

 2.314 1.567 1.175 0.306 0.364 0.421 

RMSE 1.974 1.636 1.705 2.905 3.079 3.029 

R2 0.927 0.918 0.929 0.959 0.948 0.944 

SSE 11.69 8.028 8.719 25.32 28.45 27.52 

Thermodynamic 

 

∆G0 (kJ mol-1) -12.745 -5.662 -4.220 -1.115 -0.622 -0.213 

∆H0 (kJ mol-1) -15.306 -151.057 

∆S0 (kJ mol-1K-1) -0.047 -0.461 
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Fig. 10 — (a) Effect of temperature and (b) thermodynamic 

diagrams for removal of Ni(II) ions 
 

Table 2 — Langmuir monolayer adsorption isotherm capacities 

compared with other adsorbents reported from the literature for 
the removal of Ni(II) ions 

Adsorbents Adsorption capacity  

(qmmg g-1) 

Sunflower seed husk35 79.37 

Coffee husk (HAC)36 57.14 

Passion fruit shell37 182.67 

Palm kernel shell38 40.00 

Pongamiapinnata shell39 192.00 

Lemon and orange seeds40 118.02 

Mespilusgermanica leaf41 13.08 

Walnut green peel42 129.00 

Palm kernel chaff43 120.60 

Citrus limetta leaves44 58.14 

Azadirachtaindica leaf45 120.60 

CHL (Present Study) 40.17 

MCHLAC (Present Study) 420.75 
 

Adsorption kinetics  

The pseudo-first-order model is predicated on the 

idea that the adsorbate's dispersion regulates the rate 

of adsorption. The chemical adsorption step is 

assumed by the pseudo-second-order model to be the 

rate-limiting step owing to interactions at the surface 

of the adsorption layer. In this research, the pseudo-

first-order
46

, pseudo-second-order models
47

, elovich
48

 

and fractional power equation were applied with  

the following mathematical forms to assess the 

adsorption of Ni(II). 

 

 

Fig. 11 — Nonlinear kinetic models for the elimination of  

Ni(II) ions 
 

Table 3 — Kinetic constants for the elimination of Ni(II) ions 

Kinetic model  Parameters CHL MCHLAC 

 

Pseudo-first 

order 

k1(min-1) 0.024 0.039 

qe, cal (mgg-1) 12.34 15.67 

R2 0.930 0.940 

SSE 14.82 16.46 

RMSE 1.549 0.845 

 

Pseudo-second 

order 

k2 (g mg -1min-1) 0.001 0.002 

qe,cal (mg g-1) 14.39 19.53 

qe,exp(mg g-1) 14.50 19.50 

R2 0.990 0.991 

SSE 8.082 9.879 

RMSE 0.567 0.435 

 

Elovich 

α 0.091 0.415 

β 1.251 1.156 

R2 0.959 0.941 

SSE 12.54 5.758 

RMSE 0.651 0.557 

 

qt =qe(1-expk1t)     ... (9) 
 

qt = k2qe
2
t / (1+ k2qet)               ... (10) 

 

qt = β(lnαβ) + β(lnt)               ... (11) 
 

where qt and qe (mg g
-1

) are the adsorption 

capabilities at time t and equilibrium (min), whereas 

k1 and k2 are the pseudo-first-order (min
-1

) and 

pseudo-second-order (g mg
-1

 min
-1

) equilibrium rate 

constants, α is the starting rate of adsorption (mg g
-1

 

min
-1

), β is the adsorption constant in relation to the 

available adsorption sites (g mg
-1

). 

The kinetic parameters calculated from Eqs. 9, 10 

and 11 are listed in Table 3 and shown in Fig. 11. In 

spite of this, the qe value that was calculated using Eq. 

9 does not concur with the qe experimental value. 

Additionally, it appears that the adsorption of Ni(II) 
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ions does not follow the pseudo-first-order kinetics, 

based on the correlation value of the pseudo-second-

order kinetic model (R
2
 = 0.999). According to the 

aforementioned findings, the adsorption kinetics of 

Ni(II) on CHL and MCHLAC can be satisfactorily 

fitted by pseudo-second-order kinetics; therefore, 

chemisorption mechanism could regulate the overall 

rates of the adsorption process. It is also worth noting 

that the experimental findings agree well with the data 

from the central composite design model. 
 

Desorption study 

A perfect adsorbent for practical application should 

be able to recover and retain its initial absorption 

capacity while also being to produce cost-effective. In 

this study, metal ions from CHL and MCHLAC are 

extracted using an external magnetic field and then 

rinsed off with distilled water. The absorbent was then 

treated with a 0.1 M HCl solution to extract the metal 

ions from it.The renewed adsorbents were dried in an 

oven at 70°C for 2 h before being used in a number of 

adsorption-desorption tests. The recovered adsorbents 

were used for the adsorption-desorption cycle at five 

times, and the results are presented in Figs 12a and b. 

The high value of sorption (98.0 - 99.0 %) may 

observed because of additional surface active sites 

present on the sorbent surface open after repeated 

regeneration cycles. For CHL, both the adsorption and 

desorption values decreased rapidly, because the 

Ni(II) ions were strongly bound to the new opening 

sites
49

. The results showed that MCHLAC was a very 

effective adsorbent for Ni(II) ions, absorbing up to 

99% after five times without losing an adsorption 

capacity as that of CHL. 
 

Conclusion 

Magnetic Citrus hystrix leaves based activated 

carbon was effectively synthesised from Citrus 

hystrix leaves and used as a low-cost, reusable 

adsorbent for extracting Ni(II) ions from aqueous 

medium. The Ni (II) removal results revealed that the 

highest adsorption effectiveness of MCHLAC was 

99.3± 0.4 % at pH = 6.0, adsorbent dosage of 100 mg, 

contact duration of 90 min, temperature of 27℃, and 

starting ion concentration of 20 mg L
-1

. The 

adsorption isotherms were described using the five 

models, with the Langmuir model providing the best 

fitting and the highest adsorption capacity was 

determined to be 420.75 mg g
-1

. The kinetics 

investigations showed that the experimental data 

could be well matched by the quasi second-order rate 

equation. Furthermore, thermodynamic tests showed 

that the adsorption process was exothermic and 

spontaneous. According to the experimental findings, 

the MCHLAC adsorbent had several benefits, 

including high adsorption characteristics, high 

efficiency, low cost, and good reusability. As a result, 

the MCHLAC adsorbent can be presented as an 

appropriate adsorbent for removing nickel(II) ions 

from industrial wastewater. 
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