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ab s t r ac t
In this study, a novel adsorbent was prepared from biomass and was characterized by surface 
area analyzer, Fourier transform infrared spectroscopy, X-ray diffraction, energy-dispersive X-ray 
spectroscopy, scanning electron microscope and thermogravimetric/differential thermal analyzer. The 
prepared nanocomposites were used for the removal of selected heavy metals from water. Freundlich 
and Langmuir isotherms were used to analyze the adsorption equilibrium data. The best fit was 
observed for Freundlich isotherm. The equilibrium time of adsorption of arsenic, chromium, copper, 
lead and zinc on the prepared adsorbent were 240, 260, 240, 220 and 180 min, respectively. With the 
increase in pH there was decline in percentage adsorption of the metals. The pseudo-first-order and 
pseudo-second-order kinetic models were applied to explain kinetics of adsorption. The best fit was 
obtained with second-order kinetic model. With increase in temperature there was an increase in the 
adsorption capacity which was evident from the positive values ∆S° and negative values of ∆H° and 
∆G° (exothermic and spontaneous process).
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1. Introduction

Clean and safe drinking water is important for humans 
and other living things for survival on earth, as water qual-
ity have effects on their health [1,2]. Groundwater is the 
major source of water supply for agricultural, industrial and 
domestic uses in almost all parts of the world. According 
to WHO, 80% of the diseases in the world are caused by 
inadequate sanitation, pollution and unavailability of clean 
water [3]. Drinking water pollution is a serious problem 
that has been resulted from unprecedented population 
growth, urbanization, and industrialization since 1990 
[4,5]. Generally, drinking water contains different anions 
and heavy metals including Cd, Cr, Co, Hg, Ni, Pb, Zn, etc. 
These metals have significant adverse effects on human 

health that will be either through deficiency or toxicity due 
to excessive intake [2–5]. 

In the developing countries, most of the mortality and mor-
bidity associated with water-related diseases are directly due 
to infectious agents and toxic substances like arsenic, fluoride, 
lead, manganese, chromium, copper, iron and zinc. Most of the 
heavy metal ions are toxic to living organisms [6]. They are not 
biodegradable and are persistent [7]. Therefore, the elimina-
tion of heavy metals from water and wastewater is important 
to protect public health [8]. Previous water treatment efforts 
had led to the development of various treatment technological 
options which involved the application of unit operations or 
unit processes such as chemical precipitation [9], coagulation 
[10], adsorption [11], ion exchange [12] and membrane filtra-
tion [13]. Furthermore, among aforementioned treatment tech-
nologies, adsorption had been reported as the most technically 
and economically viable option [14]. Research in water treat-
ment by adsorption has resulted in development of different 
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adsorbents from different materials such as activated carbon 
prepared from natural products, zeolites, aluminosilicate, peat 
kaolin, clay, nanomaterials and polysaccharides [15–25].

Although traditional sorbents could remove heavy metals 
from wastewater. However, the low sorption capacities and 
efficiencies limit their applications deeply. Among the tradi-
tional adsorbents activated carbon is the most efficient adsor-
bent that has high adsorption capacity due to its high surface 
area. However, the settling time of activated carbons is high 
due to its light weight which limits its use in water treatment 
processes. Magnetic adsorbents have been used as alterna-
tive by a number of authors but due to low surface area these 
adsorbents could not gained much importance. Thus, there 
is need for such adsorbents having comparable surface area 
as that of activated carbon on one hand and magnet proper-
ties on the other hand, thus they can be easily separated from 
solution after treatment through magnetic process [24].

Owing to the importance of adsorption process, the 
present study was aimed to prepare a novel adsorbent from 
melon wastes. The novel adsorbent was used for the removal 
of As, Cr, Cu, Pb and Zn from water.

2. Material and methods

2.1. Preparation and characterization of magnetic carbon 
nanocomposites

For the preparation of magnetic carbon nanocomposites 
the waste of melon were taken from local market. They were 
cut into pieces, then dried and transferred to FeCl3.6H2O 
(10% w/v) solution in ethanol for 24 h. The biomass was then 
separated from the solution and dried in air at room tem-
perature. The dried mass was then charred in a specially 
designed assembly, consists of a container, an inlet for nitro-
gen, an exhaust outlet for gases, electric heater and wire 
gauze (Fig. 1). 

The prepared adsorbent was characterized by surface 
area analyzer, Fourier transform infrared spectroscopy 
(FTIR), X-ray diffraction (XRD), energy-dispersive X-ray 
spectroscopy (EDX), scanning electron microscope (SEM) and 
thermogravimetric/differential thermal analyzer (TG/DTA). 
For surface area analysis, a sample weighing of 0.1 g was 
taken and characterized by using surface area analyzer of 
model NOVA 2200e, Quantachrome, USA. The purging gas 
used was nitrogen.

The XRD analysis of the prepared adsorbent was carried 
out by using X-Ray Diffractometer (Joel, JDX-3532) having 
Ni-filter while monochromatic Cu Kα was used as a source 
of radiation which operates at a wavelength of 1.5518 Å. The 
X-ray generator was run at 45 kV and 30 mA. The speed and 
range for scanning was 2θ/θ and 10 min–1, respectively. 

The FTIR spectra were taken by using FTIR spectropho-
tometer (IR Prestige-21, Shimadzu, Japan). The scanning 
range was set for mid-region as 700–500 cm–1 and for far 
region as 4,000–600 cm–1. 

Morphology of the sample was measured by placing the 
sample on the grid of SEM, whereas sputter coater was used 
for gold coating of the sample (made in USA). The images for 
surface morphology was then recorded by SEM with voltage 
of 20 kV (Joel, JSM-5910). 

The prepared adsorbents were analyzed by TG/DTA of 
diamond series made in USA having a reference of alumi-
num trioxide as a standard. The EDX analysis was performed 
using EDX model INCA 200.

2.2. Kinetic parameters determination

A series of 25 mL flasks were taken and were spiked with 
known amount of heavy metal to achieve a concentration 
of 200 ppm. A concentration of 0.5% (w/v) of the prepared 
adsorbent was then added in each flask and arbitrary rotated 
with a speed of 300 rpm at a temperature of 25°C. Every 
flask was then subjected to a magnetic bar for the separa-
tion of sorbent. Finally, the solutions were filtered through 
Whatman No. 1 filter paper and were subjected to atomic 
absorption analysis.

2.3. Adsorption parameters determination

Different concentration solutions (150, 175, 200, 225, 250, 
275, 300, 325 and 350 ppm) of the heavy metals were pre-
pared in 25 mL flasks and to each flask 0.5% (w/v) of the pre-
pared adsorbent was added. These flasks were then shaken 
on orbital shaker at 300 rpm for 480 min at room temperature 
followed by the atomic absorption analysis.

2.4. Determination of effect of pH on adsorption of heavy metals

A series of solutions having same concentration (200 ppm) 
of the heavy metals were taken in 25 mL flasks. The pH of 
the solutions in flasks was adjusted ranging from 1 to 14 by 
adding NaOH or HCl. Each flask was spiked with prepared 
adsorbent in a ratio mentioned above and were shaken at 
300 rpm for 480 min on orbital shaker. Thereafter the sorbents 
were removed by using magnetic bar and were subjected to 
atomic absorption analysis.

2.5. Thermodynamics parameters determination 

A series of flasks containing 200 ppm solutions of the 
selected heavy metals were spiked with adsorbent. The flasks 
were kept at various temperatures while shaking on orbital 
shaker for abovementioned period. The adsorbent was then 
separated from solutions and were subjected to atomic 
adsorption analysis.

3. Results and discussion

3.1. Characterization of Fe2O3 magnetic carbon nanocompos-
ites made from melon wastes

A specially designed chamber as shown in Fig. 1 was used 
to prepare magnetic adsorbent from melon waste (peel). The 

Fig. 1. The chamber used for preparation of magnetic carbon 
nanocomposites.
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magnetic properties of the prepared adsorbent were noted by 
subjecting it to the magnetic bar. The attraction of the adsor-
bent toward magnet bar confirmed the magnetic character of 
the prepared adsorbent.

Figs. 2 and 3 show the surface area and pore distribution 
of magnetic adsorbent, respectively, whereas Table 1 shows 
different surface parameters of the prepared adsorbent.

The XRD spectra of the prepared adsorbent are shown in 
Fig. 4 suggesting that Fe3O4 has been deposited on graphitic 
surface of the adsorbent. XRD is not only used for structural 
elucidation but also for particles size measurement [22]. The 
diffraction peaks at 2θ (28.45°, 31.71°, 35.65°, 43.65°, 55.1° and 
58.9°) corresponding to indices 220, 311, 400, 422, 511 and 
440 represents the cubic unit cells of the magnetite structure 
reported by Sundarajan and Ramalakshmi [22] and Kahani 
et al. [26]. The diffraction peaks at 2θ (11.28°, 12.75°, 16.6°, 
22.75°, 40.65° and 50.35°) were related to goethite, maghemite 

and hematite as impurities [26]. The size of the prepared 
magnetic iron oxide and magnetic carbon nanocomposites 
were measured by using Debye–Scherer’s Eq. (1) and were 
found to be in the range of 80–300 nm.

D = kλ/βCosθ	 (1)

where D represents the mean size, k (0.94) is constant, 
λ (1.55060 Å) is the wavelength of X-ray, β shows excess line 
broadening while θ represents the Bragg angle. The value of 
β can be calculated from the following relation:

β = B – b	 (2)

where B is the line width (in radian) and b shows instruments 
line broadening (in radian) [26]. For the characterization of 

Fig. 3. Graphical repsentation of pores distribution in the pre-
pared adsorbent from melon waste.

Fig. 2. Graph showing BET surface area of the synthesized iron 
oxide magnetic and magnetic carbon nanocomposites from 
melon waste.

Table 1
Physical parameters of the activated carbon and carbon nanocomposites prepared from melon waste

Material BET, surface 
area (m2 g–1)

Langmuir, surface  
area (m2 g–1)

Pores volume,  
total (cm3 g–1)

Micropores  
volume (cm3 g–1)

Pore diameter, 
average (Å)

Powdered activated carbon 136.45 840.34 3.54 0.97 154.8
Carbon nanocomposites 100.77 567.21 2.07 0.81 154.39

Fig. 4. XRD pattern of magnetic carbon nanocomposites 
prepared from melon waste.
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Fig. 5. Far IR spectra of magnetic carbon nanocomposites 
prepared from melon waste.
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the nanocomposites the most widely used technique is the 
IR spectroscopy. The FTIR spectra show the nature of surface 
functional groups. The IR spectra of the prepared adsorbent 
showed the broad band in the range of 1,000–1,200 cm–1 which 
were attributed to stretching of C–C and C–O whereas peak 
at 596.65 cm–1 was attributed to the stretching of Fe–O (magne-
tite). The same pattern has been observed by Kahani et al. [26] 
(Figs. 5 and 6).

Fig. 7 represents the morphology of the adsorbent. The 
SEM images showing variation of sizes and shapes of the 
nanocomposites where white patches shows iron oxide in 
crystalline form and the black spots are related to the carbon. 
The aggregation of the iron oxide is attributed to moisture 
content adsorbed by the prepared adsorbent. The images 
showed the spherical shape of iron oxide and the sizes of 
nanocomposites depicted were in the range of 70–300 nm.

Fig. 8 shows the TG/DTA spectra of nanocomposite. The 
loss of mass takes place at two points. A 28.3% mass loss 

Fig. 6. Mid-IR spectra of magnetic carbon nanocomposites 
prepared from melon waste.

Fig. 7. SEM images of magnetic carbon nanocomposites prepared from melon waste at different magnification.
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was noted at temperature ranging from 400°C to 820°C with 
endothermic peak whereas further loss of mass of about 
47.6% was noted in the range of 820°C–980°C.

Fig. 9 shows the EDX spectra of the prepared adsorbent. 
The spectra reveal the existence of carbon, ferrous and oxy-
gen. Whereas a small peak of calcium as impurity is also 
present. As already reported by Kahani et al. [26] that Fe-Lα, 
Fe-Kα O-Kα and Fe-Kβ are related to magnetite deposition in 
the composite [26].

3.2. Adsorption isotherm

3.2.1. Giles isotherms

The adsorption of heavy metal on the adsorbents pre-
pared from melon waste was studied using Giles isotherm 
[27]. The classifications of Giles isotherms is based on initial 
slope of the curvature and are constant partition (C), the high 
affinity (H), the Langmuir (L) and sigmoidal (S) types. 

The Giles adsorption isotherm of arsenic on adsorbent 
prepared from melon waste is given in Fig. 10. The isotherm 
in the figure is L type while for chromium, copper, zinc and 
lead it was C type.

3.2.2. Langmuir isotherm

Langmuir adsorption isotherm [28] assumes that the 
maximum adsorption corresponds to a saturated monolayer 
of solute molecules on the adsorbent surface, having no inter-
action with molecules adsorbed from lateral sides. The linear 
form of Langmuir isotherm is given as:

C
q

C
Q Q b

= +
0 0

1 	 (3)

The above equation shows that q represents quantity of 
adsorbate adsorbed in mg g–1, C represents the equilibrium 
concentration of adsorbate in mg L–1 while Q0 and b are 
Langmuir constants. Q0 is the maximum adsorption capacity 
of the adsorbent whereas b is the energy of the process.

Langmuir plot of specific adsorption (C/q) against equi-
librium concentration (C) for the selected metals adsorption 
on the prepared nanocomposites is shown in Fig. 11. 

The slope and intercept were used to calculate the values 
of Langmuir constants Q0 and b. Their values are given in 
Table 2. The adsorption capacity of this adsorbent was com-
parable with those reported in references [23–25].

3.2.3. Freundlich isotherm

This isotherm is mostly used to explain the heteroge-
neous systems [29] and is given by the equation:

ln ln lnq k
n
C= +

1 	 (4)

In the above equation, C shows the equilibrium concen-
tration in mg L–1, q is the amount of adsorbate adsorbed in 
mg g–1, k and n are Freundlich constants. k shows adsorption 
capacity while n is the adsorption intensity. The Freundlich 
constants k and 1/n can be obtained from the slope and the 
intercept of the lnC against lnq plot. 

For adsorption of heavy metals on adsorbent prepared 
from melon waste the Freundlich isotherms are given in 
Fig. 12. 

From the R2 values of Freundlich and Langmuir isotherms 
it was found that the data were fitted better by Freundlich 
isotherm rather than Langmuir isotherm (Table 2).

3.3. Adsorption kinetics

3.3.1. Effect of contact time

In adsorption processes contact time required for reach-
ing equilibrium for an adsorbent is an important factor. For 
heavy metals the contact time required to reach equilibrium 
is shown in Fig. 13. In the first few minutes the uptake of 
arsenic was very fast as initially more sites of adsorbent 
were available for adsorption of metal. As the time passes 
maximum number of sites are occupied by the metals 

Fig. 8. TG/DTA curves of magnetic carbon nanocomposites 
prepared from melon waste.

Fig. 9. EDX spectra of magnetic carbon nanocomposites prepared 
from melon waste.
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which slows down the adsorption process and equilibrium 
is reached. As shown in Fig. 13, the equilibrium time is 240, 
260, 240, 220 and 180 min, respectively, for arsenic, chro-
mium, copper, lead and zinc adsorption on adsorbent pre-
pared from melon waste.

3.3.2. Adsorption kinetic models

The knowledge of adsorption kinetics plays a significant 
role in the removal of pollutants from water. The Lagergren 
first-order and pseudo-second-order [30,31] models were 
used for the determination of kinetic parameters. 

3.3.2.1. Pseudo-first-order kinetics

The pseudo-first-order equation can be expressed by the 
relation:

ln q q q k te e a−( ) = −ln 	 (5)

where qe and q (mg g–1) are the amount of adsorbate adsorbed 
at equilibrium and time t, respectively, and ka (min–1) is the 
rate constant. ka can be calculated from slope of the plot 
of ln(qe – q) vs. t (Fig. 14). The ka and R2 values are given in 
Table 3. 
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Fig. 10. Plot for Giles adsorption isotherm of selected heavy metals on nanocomposites of melon waste.
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Fig. 11. Langmuir plot for the adsorption of heavy metals on adsorbent prepared from melon wastes.

3.3.2.2. Pseudo-second-order kinetics

The pseudo-second-order equation can be expressed by 
the relation:

t
q k q q

t
t

= +










1 1

2
2 	 (6)

where k2 (g mg–1 min–1) is the rate constant of adsorption, q 
(mg g–1) is the amount of adsorbate adsorbed at equilibrium 
and qt at time t. The values of k2 and q were calculated from 
intercept and slope of the straight line, respectively.

The ka and R2 values are given in Table 3 and were cal-
culated from t/qt vs. t plots of heavy metals adsorption on 
adsorbent prepared from melon waste (Fig. 15). 
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Table 2
Langmuir adsorption constants for heavy metals on nanostructures from melon waste

Heavy metals Langmuir constant R2 Freundlich constant R2

Q0 b 1/n k

Arsenic 19,841 0.074 0.972411 0.9257 1,231.82 0.95194
Chromium 18,484 0.041 0.9014 0.8192 806.722 0.9867
Copper 38,285 0.0099 0.9431 0.9784 356.49 0.9915
Lead 23,752 0.0593 0.9386 0.9568 1,203.40 0.9694
Zinc 26,798 0.0231 0.8935 1.0752 452.73 0.9907

  

  

 

Fig. 12. Freundlich plot for the adsorption of heavy metals on adsorbent prepared from melon wastes. 
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Table 3 shows that the adsorption kinetics could be best 
explained in terms of the pseudo-second-order rate equation 
with precision in the correlation coefficients as compared 
with pseudo-first-order rate equation.

3.4. Adsorption mechanism

In the adsorption process the main steps involved in the 
removal of adsorbate by adsorbent are:

•	 Transport of ingoing particles to the external surface of 
the adsorbent.

•	 Transport of the adsorbate through the pores of adsor-
bent except for a small amount of the adsorption which 
occurs on the external surface (intraparticle diffusion) 
and adsorption of the ingoing particles (adsorbate) on to 
interior surface of the adsorbent. 

•	 Among them the rate controlling step affects the overall 
adsorption process.
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Fig. 13. The plot for effect of contact time for adsorption of metals on nanocomposites of melon waste.
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3.4.1. Effect of intraparticle diffusion

For the determination of the rate controlling step, the 
kinetic results were fitted to the intraparticle diffusion model 
of Weber’s [32]:

q k t Ct id= +1
2

	 (7)

where C is the intercept, kid (mg g–1 min–0.5) indicates intra-
particle diffusion rate constant, which can be evaluated from 
slope qt vs. t1/2 plot. If the regression of qt vs. t1/2 is linear and 
passes through the origin, the only rate-limiting step will be 
intraparticle diffusion. 

For the understanding of kinetic mechanism, the amount 
of metals adsorbed on the graphitic magnetic carbon 

 
 

  

Fig. 14. Pseudo-first-order kinetic plots for the adsorption of metals on magnetic carbon nanocomposites prepared from melon waste.
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nanostructures prepared from melon waste, was plotted vs. 
the square root of time (Fig. 16). Figures showed an initial 
curve followed by the linear relationship. The initial curve 
can be explained by the boundary layer effect while the linear 
part corresponds to the intraparticle diffusion. 

The linear plots deviate from the origin clearly indicating 
that the adsorption of these metals have more than one con-
trolling steps.

3.5. Effect of pH

One of the most important factors that affects the adsorp-
tion process is pH because it affects surface charge of the pre-
pared adsorbent, degree of ionization and speciation of the 
adsorbate.

Table 3
Rate constants and correlation coefficients of pseudo-first-order 
and pseudo-second-order kinetic models of heavy metals 
adsorption on graphitic magnetic carbon nanostructures

Heavy  
metal

Pseudo-first-order 
kinetic model

Pseudo-second- 
order kinetic model

ka R2 k2 R2

Arsenic 0.0170291 0.982313 1.37 × 10–6 0.972
Chromium 0.0202407 0.888353 2.36 × 10–6 0.987
Copper 0.017603 0.964158 1.44 × 10–6 0.984
Lead 0.0180598 0.920853 1.96 × 10–6 0.988
Zinc 0.0178322 0.952611 1.57 × 10–6 0.987

  

  

Fig. 15. Pseudo-second-order kinetic plots for the adsorption of arsenic on magnetic carbon nanocomposites prepared from melon waste. 
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The effect of pH on adsorption of metals is shown in 
Fig.  17. The figures indicate that the adsorption of arse-
nic at pH from 1 to 9 was not affected; however, a decline 
was noted above pH 9. For chromium, the adsorption from 
1 to 7 pH was not affected; however, a decline was noted 
at above pH 7 while for copper adsorption there was grad-
ual decrease in percentage adsorption with rise in pH. The 
adsorption of lead was not affected in the pH range 1–10 and 
above this range a decline was observed. There was no effect 

of pH on zinc adsorption from 1 to 8 above which a decline 
was notable. 

3.6. Adsorption thermodynamics

To determine the adsorption thermodynamics, adsorp-
tion experiments were carried out at 30°C, 40°C, 50°C and 
60°C. The Van’t Hoff equation was used to determine the 
values of ∆H° and ∆S° of the adsorption process:

 
 

  

Fig. 16. The intraparticle diffusion plot for the adsorption of heavy metals on iron oxide carbon nanocomposite prepared from melon 
waste.



M. Ur Rahman et al. / Desalination and Water Treatment 75 (2017) 158–173170

lnk S
R

H
RT

=
∆ °

−
∆ 	 (8)

where k is the distribution constant of adsorption, ∆H° is the 
enthalpy change and ∆S° is the entropy change, T is tempera-
ture in Kelvin while R is universal gas constant. 

The value of ∆H° was calculated from the slope while ∆S° 
was calculated from intercept of the lnK and 1/T plot (Fig. 18) 
for adsorption of arsenic on adsorbent prepared from melon 
wastes. The values of ∆H° and ∆S° are given in Table 4.

The positive value of ∆S° from Table 4, indicated that 
during the adsorption process, there is an increase, in the 
randomness solid/solution system interface whereas the 

negative values of ∆H° showed that the selected metals 
adsorption on the prepared iron oxide and magnetic carbon 
nanocomposites, is an exothermic process. 

The values of standard free energy ∆G° were calculated 
from Eq. (9) and are given in Table 5.

∆ ° = ∆ ° − ∆ °G H T S 	 (9)

The spontaneous character of the process is evident 
from the negative values of ∆G° at different temperatures. 
With increase in temperature the value of ∆G° also increases 
which shows that at high temperature the adsorption pro-
cess is more favorable. It was concluded that the adsorbent 

  

 

 

Fig. 17. Effect of pH on metals adsorption on magnetic carbon nanocomposites prepared from melon waste.
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prepared from the biomass can be used as alternative of the 
activated carbon for the removal of heavy metals from water.

3.7. Regeneration of the adsorbent 

From environmental and economic point of view the 
regeneration of the adsorbent is very important as any 
adsorbent that cannot be regenerated may lead to second-
ary environmental problem and loss of economy. For the 
regeneration the metal laden adsorbent, it was treated with 
various concentration solutions of hydrochloric acid ranging 

from 0.01 to 0.2 N. The percentage removal of the metals 
increased with increase in acid concentration in the medium. 
Maximum regeneration was achieved at 0.1 N HCl solutions 
for the selected metals laden adsorbents (Fig. 19). 

4. Conclusions

A novel biosorbent was prepared from peel of melon 
which was then characterized by surface area analyzer, 
FTIR, XRD, EDX, SEM and TG/DTA. Freundlich and 
Langmuir isotherms were used to determine the adsorption 

  

  

Fig. 18. Plots for Van’t Hoff adsorption of metals on nanocomposite characterized from melon waste.
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parameters. Other adsorption parameters like adsorption 
kinetics, effect of time, pH and temperature were also deter-
mined. The best fits were obtained for Freundlich isotherm 
and with second-order kinetic model. At high pH there was 
a decline in percentage adsorption. The value of ∆S° was 
positive while that of ∆H° and ∆G° were negative. It was 
concluded from data that adsorbent prepared from melon 
waste has high adsorption capacities and can be used as 
alternative of activated carbon.
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