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a b s t r a c t
In this study, a potato wastes based magnetic carbon nanocomposite (PMCNC) was synthesized 
and explored for its possible applications as adsorbent in removal of lambda-cyhalothrin from syn-
thetically contaminated water. The nanocomposites were characterized through energy-dispersive 
X-ray, X-ray diffraction analysis, scanning electron microscopy, Fourier-transform infrared spec-
trophotometry, zero-point charge (pHpzc) and thermogravimetric/differential thermal analysis. For 
the demonstration of adsorption efficiency of the nanocomposite, batch adsorption experiments 
were carried out. Maximum removal of selected pollutant was achieved in 30 min. Several kinetic 
and isotherm models were applied to the sorption kinetics and isothermal data. The pseudo-sec-
ond-order kinetics fitted well the data. The Xmax (maximum adsorption) at 50°C was recorded as 
14.025 mg/g with K2 (pseudo-second-order kinetics constant) value of 0.0162 and R2 value of 0.99. 
The adsorption isotherm data fitted well the Langmuir isotherm model. The optimum pH for the 
removal of lambda-cyhalothrin was achieved at pH 5. 0.1 g of PMCNC was used as optimum dose in 
all experiments. The negative value of Gibbs free energy reveals that the removal of lambda-cyhalo-
thrin is a spontaneous process. Due to the excellent adsorption capability and easy separation from 
slurry after use through the application of magnet the PMCNC can be effectively used as an effec-
tive sorbent alternative to activated carbon for the removal of inorganic and organic contaminants 
from aquatic media. This nanocomposite could compete with other adsorbents in the field of surface 
chemistry warranting further experimentation.
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1. Introduction

Pesticides keeps plants safe against pests and diseases, 
however, their use on large scale can lead to a number of 
health complications both human and plants. Pesticides 

being bio-accumulative in tissue can harm non-targeted crea-
tures, particularly marine animals [1]. Intoxication of pesti-
cides badly effect human health with symptoms like severe 
headache, reproductive disorders, cancer and imbalance of 
endocrine hormones. Pesticides are considered as a primary 
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pollutant of aquatic environment due to its high solubility 
in water [2]. According to a UN report on contaminants, 
each day, approximately twenty lac tons of industrial and 
agricultural effluents are discharged into water reservoirs 
that badly effecting the water quality as well lives of flora 
and fauna living there [3–5].

Pesticides being synthetic compounds are mostly non-
biodegradable whereas in other cases have long half-lives 
if degradable and accumulates in various environmental 
compartments. Organic pesticides are extensively utilized 
to cope agricultural pests throughout the world. The com-
monly used organic pesticides (insecticides) are lambda-cy-
halothrin (L-C), cypermethrin, and dimethoate etc. They 
are very stable, having high half-lives [6] with no specificity 
of their mode of action. Due to excessive usage of organic 
pesticide or their residues have been identified in cer-
tain foods, drinks, dairy products, water reservoirs, fruits, 
and in animal feedstuff [7–9].

L-C (Fig. 1) is an organic insecticide that is extensively 
utilized to regulate a number of pests in a wide range of 
crops. It is also utilized for the control of the harmful flying 
insects. They are directly sprayed in water ponds and in res-
idential areas to regulate pests [10,11]. L-C is predominantly 
poisonous to aquatic organisms [12]. L-C disturb the neural 
system of aquatic organisms ultimately paralyzing or even 
leading to death. The residual concentration of L-C in food 
due to its massive uses in field is reported to be less than 
0.2 mg/kg [13].

The pyrethrin has been enumerated in water from 
agricultural watersheds in concentration range of 0.11 
to 0.14  mg/L, and in sediments in concentration range of 
0.00314 mg/L to 0.315 mg/g of dry weight [14,15].

Being utilized in high amounts their removal from 
aquatic environment has been attempted by employing 
both classical and modern methods. Among these methods 
adsorption has produced far reaching results. Among the 
adsorbents reported so far activated carbon due to its small 
size and consequently large surface area has been found to 
be a versatile adsorbent [16–19]. However, like every mate-
rial object it is also associated with a number of drawbacks 
like long settling times due to which one have to wait for 
days to separate it after use from slurry. Iron oxide, being 
magnetic and heavy particles if used as adsorbent can easily 
be removed from water through the application of magnet 
and even under gravity they settled down. However, iron 
oxide has very little surface area which render its use as 
adsorbent [20].

To get better separation of activated carbon after use from 
slurry, scientist have deposited iron oxide on its surface in 
small amount to successfully introduce magnetic character 

in it which then was easily removed from slurry through the 
application of magnet [20,21]. The little decrease in surface 
area of activated carbon due to deposition of iron oxide is 
compensated with easy separation through the application of 
magnet. Such composites have been explored in very limited 
studies and with very few biomass sources. Potato peel is a 
waste by-product and to convert it into a valuable product, in 
this study an attempt was made to convert it into magnetic 
carbon nano composite [22]. The prepared composite was 
characterized by various instrumental techniques whereas 
batch adsorption experiments were performed to estimate 
its adsorption capacity, kinetics constants and thermody-
namics parameters for the adsorption of L-C).

2. Experimental set-up

2.1. Reagents and material

The biomass precursors of potato peels were collected 
from local chips shop in Swat District of KP (Pakistan). The 
insecticide lambda-cyhalothrin was collected in pure form 
from Shafi Agricultural Company, Mingora Swat. All the 
chemicals and materials utilized in the current research work 
were of analytical grade (purity  ≈  100%). Double distilled 
water (deionized water in mass titration method) was used 
in all experimental work.

2.2. Preparation of potato peel based magnetic carbon 
nanocomposites

Potato peel biomass precursors were collected from a 
local chips shop in Swat, KP (Pakistan). The waste biomass of 
potato peels was washed frequently with boiled water. The 
sample was then dried for one week in the shade. 0.05 mol/L 
ferric chloride hexahydrate and 0.025 mol/L ferrous sulfate 
heptahydrate solutions were prepared in 200  mL distilled 
water is separate beaker. Both solutions were then mixed in a 
1,000 mL beaker. After this, the dried sample of potato peels 
was added to the mixture of ferric chloride and ferrous sul-
fate. After mixing the slurry was agitated vigorously at 343 K 
for 5–10 min. After that, a 5 mol/L concentrated solution of 
NaOH was introduced dropwise to the mixture to adjust till 
pH 10. After 1 h stirring the mixture was cooled. After cooling 
the mixture was filtered. The solid residue was then charred 
in a specially designed container for 60–90  min at 250°C 
under nitrogen atmosphere. After cooling the charred prod-
uct was neutralized through 0.2  mol/L HCl solution. After 
neutralization the end product was washed several times 
with distilled water to achieve the neutral pH. At last, the 
product was oven dried for 10–12 h at 343 K. The dried sam-
ple was then stored in a sealed glass reagent bottle [20–22].

2.3. Characterization of the composites

Energy-dispersive X-ray (EDX: Inca 200 Oxford 
Instruments, UK) was used to determine the elemental 
composition of potato wastes based magnetic carbon nano-
composite (PMCNC) whereas the surface morphology was 
visualized by scanning electron microscopy (SEM) at 20 kV 
accelerating voltage. X-ray diffraction (XRD) analysis was 
used to determine the iron cubic structures in the composite 
utilizing mono-chromatic Cu Kα rays having wavelength of 
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Fig. 1. Structure of lambda-cyhalothrin.
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1.5418 Å. The X-ray originator was set at 30 mA current and 
40 kV at 10 min–1 speed with 2θ/θ as the scan rate and range, 
respectively. The Fourier-transform infrared (FTIR) spectrum 
of PMCNC was recorded with Shimadzu 8201PC Fourier-
Transform Infrared Spectrophotometer (Japan), employing 
KBr pellet method. Thermogravimetric and differential ther-
mal analysis (TG/DTA) under N2 atmosphere was performed 
using a diamond series TG/DTA PerkinElmer (USA), US 
analyzer with Al2O3 as a reference source. Nanocomposites 
were subjected to temperatures ranging from 50°C to 600°C. 
Point of zero charge (pHpzc) of the composite was deter-
mined using mass titration method.

2.4. Adsorption studies

In kinetic studies glass reagent bottles having a specific 
quantity of PMCNC were added to 25  mL of known con-
centration of L-C. The slurry was then shaken at 150  rpm 
for different intervals of time. Different kinetic models 
were applied to the adsorption kinetics data.

In isotherm studies different concentration of L-C were 
taken in glass reagent bottles containing a known amount 
of PMCNC. The slurry was shaken for 1  h time. Different 
isotherm models like Langmuir and Freundlich were 
employed to the adsorption isotherm data to estimate the 
isothermal constants. The effect of pH on adsorption was 
evaluated from 2 to 12  pH. For optimum dose of PMCNC 
the sorbent dosage was varied from 0.01 to 0.3 g. van’t Hoff 
equation was employed for the determination of various 
thermodynamic parameters. In each experiment the solu-
tion was filtered using Wattman filter paper. The residual 
concentration of L-C was determined after sorption experi-
ment using a double beam UV/visible spectrophotometer at 
580 nm. The following equations were used to evaluate the 
residual concentration of L-C in solution.
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where Si and Se represents the initial and equilibration con-
centrations of L-C (mg/L), Xq represents the amount of L-C 
adsorbed on the surface of PMCNC (mg/g), V represents 
volume of L-C in liters (L), and m represents the quantity of 
PMCNC with in grams (g).

3. Results and discussion

3.1. Characterization of the magnetic carbon nanocomposite

The biomass wastes of potato peels were used to prepare 
magnetic carbon nanocomposites. To check the magnetic 
behavior of the prepared nanocomposite a magnetic bar was 
conveyed near the composite. The composite was completely 
stick to the bar magnet, confirm the magnetic characteristic 
of the composite.

3.1.1. EDX analysis of PMCNC

Fig. 2 displays the elemental composition of PMCNC. 
Lower percentage of carbon content was attributed due to 
impregnation of Fe3O4 microporous texture of the carbona-
ceous matter. Other elements found in PMCNC were oxy-
gen, chlorine and nitrogen. Small percentages of S, Si, Na, 
P and Ca were also present in PMCNC.

3.1.2. SEM images of PMCNC

Fig. 3 shows the SEM images of PMCNC with high and 
low magnification. The figure gives a clear photograph of 
PMCNC. The composite has various shapes and particle 
size. White patches in SEM images represent the water of 
crystallization of Fe3O4 and presence of moisture. The black 
spots represent the carbon content of PMCNC. The SEM 
images also shows the porous texture of PMCNC. The mean 
diameter of PMCNC calculated from SEM images varies 
from 50 to 70 nm.

The mushy nature of porous surfaces indicates a homo-
geneous dispersion of Fe3O4 nanoparticles in carbona-
ceous matter. The crystalline structure of Fe3O4 is likewise 
slightly cubic in character.

 
Fig. 2. Energy-dispersive X-ray analysis of PMCNC.
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3.1.3. XRD analysis of PMCNC

XRD arrays of PMCNC is shown in Fig. 4. It is a well-
known and valuable analytical technique used for the deter-
mination of crystallinity of a substance. The XRD diffrac-
togram patterns of PMCNC composite at 2θ° value of 31°, 
36.7°, 45°, 54°, 58.95°, and 63.5°, corresponding to indices 
220, 331, 400, 442, 531 and 532 indices, respectively. All these 
diffraction peaks show the characteristic peaks of magne-
tite and maghemite. All these indices at 2θ° represent the 
cubic crystalline structure Fe3O4 in PMCNC.

3.1.4. Fourier-transform infrared analysis

The FTIR spectra of PMCNC composite is given in Fig. 5. 
The FTIR spectra of PMCNC display different peaks with 
broad bands in the range of 3,480 and 3,210 cm–1. It is due 
to stretching vibrations of phenolic and carboxylic –OH 
group. These peaks correspond to physically adsorbed 
water on the surface of PMCNC. The two narrow peaks at 
3,000–2,800 cm–1 range corresponds to C–H alkanes. Various 
peaks in the region of 1,450–1,600 cm–1 corresponds to C=C 
aromatic. The Peaks in the region of 1,300–1,000  cm–1 cor-
responds to alcoholic and ethereal functional groups. The 
peak in the region of 575–580 cm–1 corresponds to magnetite 
iron oxide.

3.1.5. Thermogravimetric/differential thermal analysis of 
PMCNC

Fig. 6. represents the TG/DTA pictogram of PMCNC. The 
TGA pictogram of PMCNC elucidate that the composite is 
thermally quite stable and shows resistance to loss in mass 
at high temperature. In the early stage in the temperature 
range of 40°C to 100°C a 6%–10% loss in mass occurs due to 
dehydration. Around 250°C another loss in mass occurs due 

to dehydration of physically adsorbed water in the texture 
of PMCNC. Up to a temperature of 550°C, PMCNC experi-
enced uninterrupted weight loss. Because FeO is thermody-
namically stable. At 570°C the decrease in mass occurs due 
to burning of carbon and phase change of FeO. Above this 
temperature PMCNC shows no additional mass depression. 
The end product is a char and ash combination.

The DTA pictogram of PMCNC shows three endother-
mic peaks in the range of 30°C–490°C.

3.1.6. Zero-point charge (pHpzc) of PMCNC

Fig. 7 elucidates the pHpzc of PMCNC. For this purpose, 
pHpzc of PMCNC was determined through mass titration 
method. Different quantities of PMCNC was added to fresh 
distilled water and resulting pH values were measured after 

Fig. 3. Scanning electron microscopy images of PMCNC.

 
Fig. 4. X-ray diffractogram patterns of PMCNC.
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24  h of equilibration. Typical values of PMCNC/distilled 
water by weight were 0.001%, 0.005%, 0.01%, 0.02%, 0.03%, 
0.04%, 0.05%, 0.1%, 0.2%, 0.3%, 0.4% and 0.5% were used 
under the atmospheric environment of nitrogen gas. The 
reagent bottles of PMCNC/distilled water were wrapped. 
They are placed on a shaker. The mixtures in reagent bottles 
were for 24 h. The pHpzc of PMCNC was found to be 7.1. This 
value is were nearer to those reported for magnetic activated 
carbon by Mohan et al. 6.80 [23], Mao et al. 7.30 [24], Tu et al. 
7.64 [25], Zhang et al. 8.1 [26], and Ullah et al. [20–22].

3.2. Adsorption isotherm studies of L-C

The adsorption of L-C on the surface of PMCNC were stud-
ied using Giles isotherm [27]. The Giles isotherm of the L-C is 
shown in Fig. 8. The adsorption isotherm of L-C on the sur-
face of PMCNC is C type, which was formerly described by 
Mao et al. [28], Nazari et al. [29], and Rivera-Utrilla et al. [30].

The impact of initial concentration of L-C on its sorp-
tion onto PMCNC from aquatic media was studied at 298 K. 
During isotherm studies 0.1 g of PMCNC was added to vari-
ous concentrations of sorbate. The slurry was stirred for 1 h. 
During adsorption isotherm studies the initial concentra-
tion of L-C was varied from 10 to 70 mg/L. It was observed 
that the extent of adsorption was increased with the rise 

in concentration of the L-C and attained constant values at 
higher concentrations Fig. 8. The constant value of sorp-
tion at higher concentration may be due to the saturation of 
available active sites on the surface of PMCNC.

For quantitative determination of the sorption of L-C 
onto PMCNC, various isotherm models such as Langmuir 
and Freundlich models were used.

The linear form of the Langmuir isotherm is given by 
the following equation:

S
X K X

S
X

e

L m

e

qq

� �
1 	 (3)

where Xq is the extent of L-C adsorbed in mg/g, Se is the equi-
librium concentration of the L-C in mg/L, Xm in mg/g is the 
maximum sorption capacity of PMCNC and KL in L/mg is 
Langmuir constant (energy of sorption). The Langmuir plot 
of L-C adsorption was obtained by plotting (Se/Xq) against 
equilibrium concentration (Se) for PMCNC. The Langmuir 
plot is shown in Fig. 9. The Langmuir constants Xm and KL 
were calculated from the slope and intercept of the linear 
plot. The values are tabulated in Table 1. The lower sorption 
capability of PMCNC is due to the obstruction of micro pores 
impregnation of carbonaceous material due to iron oxide.

The Freundlich isotherm is an empirical equation 
employed to explain heterogeneous systems. The linear 
form of the Freundlich isotherm model is given as.

 
Fig. 5. Fourier-transform infrared spectroscopy analysis plot of 
PMCNC.

 

Fig. 6. Thermogravimetric/differential thermal analysis plot of 
PMCNC.

 

Fig. 7. Mass titration plot of PMCNC for pHpzc.

 

Fig. 8. Adsorption isotherm plot of lambda-cyhalothrin onto 
PMCNC.
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where Se is the equilibrium concentration in mg/L of L-C, 
Xq is the extent of L-C adsorbed in mg/g on the surface of 
PMCNC, while k and n are Freundlich constants. k and n 
are related to the sorption capacity and sorption intensity, 
respectively.

The Freundlich plot is achieved by plotting lnSe vs. lnXq. 
The Freundlich plot is shown in Fig. 10. Various isotherm 
parameters of Freundlich model like k and 1/n are calcu-
lated from the slope and intercept of the linear plot. The 
values of Freundlich constants and R2 are listed in Table 1.

3.3. Adsorption kinetics of lambda-cyhalothrin

In adsorption kinetics study, 50 mg/L of L-C was added 
to reagent bottles containing 0.1  g of PMCNC. The mix-
ture was stirred for different intervals of time using dif-
ferent temperature.

The adsorption kinetics plot of L-C at various tempera-
tures is presented in Fig. 11. From the plot it is evident 
that the rate of adsorption is high in the initial 25–30 min. 
The higher rate of adsorption in the initial 30 min is due to 
the availability of active surface sites on PMCNC. As time 
increases the rate of adsorption of L-C on the surface of 
PMCNC decreases. The lower rate of adsorption with the 
passage of time is due to saturation of surface-active sites 

on PMCNC. A time is reached after 1  h the line become 
horizontal with x-axis. It shows the complete saturation of 
active sites on PMCNC with L-C molecules. So, 1 h time was 
selected as equilibration time for all experimental studies 
for the decontamination of L-C on PMCNC. Various kinetic 
models were applied to the sorption kinetics data of L-C to 
know the mechanism of sorption.

3.3.1. Pseudo-first-order kinetics

To examine the sorption kinetics data of L-C adsorp-
tion on PMCNC, the Lagergren pseudo-first-order kinetic 
equation was employed.

log logS S KX ti e�� � � � � �max 1 	 (5)

where Xmax represents the magnitude of L-C sorption at time 
t in mg/g, Si represents the initial concentration of L-C, while 
Se represents the equilibration concentration of L-C in mg/L, 
and K1 represents the pseudo-first-order rate constant in min–1.

A linear plot of pseudo-first-order kinetic model is 
obtained by plotting time (on x-axis) and ln(Xqe–Xqt) on y-axis. 
The pseudo-first-order kinetic model is presented in Fig. 12. 
The value of K1 and Xmax is obtained from the slope and inter-
cepts of the straight line. The smaller value of R2 shows that 
the reaction of L-C adsorption on the surface of PMCNC 
does not follow first order kinetics. Similarly, the calculated 
value Xmax of L-C on the surface of PMCNC deviate from 
experimental value. Different values of kinetic parameters 
of pseudo-first-order kinetic model are tabulated in Table 2.

3.3.2. Pseudo-second-order kinetics model

The pseudo-second-order reaction can be practiced to 
describe the stepwise explanation of a reaction kinetics. 

 

Fig. 9. Langmuir plot of lambda-cyhalothrin onto PMCNC.

 

Fig. 10. Freundlich plot of lambda-cyhalothrin onto PMCNC.

 

Fig. 11. Sorption kinetics and equilibration plot of lambda-cyha-
lothrin onto PMCNC.

Table 1
Isotherm parameters for the adsorption of lambda-cyhalothrin 
onto PMCNC

Langmuir isotherm Freundlich isotherm

Xm (mg/g) 21.00 K (mg/g) 87
KL (L/mg) 0.03 1/n 0.97
R2 0.992 R2 0.972
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The linear form of pseudo-second-order kinetics is given 
in Eq. (6).

t
K XX X

t
qt max

� � �
1 1

2
2
max

	 (6)

where Xqt and Xmax of the L-C in mg/g sorbed onto the sur-
face of PMCNC at time t and equilibrium time in minutes, 
respectively. K2 is the pseudo-second-order soroption rate 
constant (g/mg·min).

The linear lot of above-mentioned model is obtained 
by plotting t/Xqt on y-axis and time in minutes on x-axis. 
Different values of Xmax and K2 were designed from the slope 
and intercept of the linear plot. Various kinetic parameters 
of pseudo-second-order kinetic model obtained from lin-
ear plot are tabulated in Table 3. From Fig. 13 it is clearer 
that pseudo-second-order kinetics model fitted better to the 
adsorption kinetics data of L-C onto PMCNC. Since the value 
of R2 is nearer to unity. Apart from the value of R2 the calcu-
lated maximum adsorption (Xmax) of L-C have an approxi-
mately equal value to the experimentally determined value 
of L-C. It can be concluded that pseudo-second-order reac-
tion kinetic fully explains the sorption of L-C on PMCNC. 
From the resultant data we can concluded that the sorp-
tion of L-C on magnetic PMCNC is favoured by the pres-
ence of the carbon active sites.

3.3.3. Intraparticle diffusion model

The adsorption kinetic data of L-C was also verified for 
Weber’s intraparticle diffusion model. This model exlain 
the sorption of sorbate molecules onto the surface of sor-
bent through phenomenon of diffusion. The linear form of 
intraparticle diffusion model is given in Eq. (7).

X K t Cqt � �3
1 2/ 	 (7)

where Xqt in mg/g is the extent of L-C molecules sorbed at 
t time, K3 is adsorption rate constant of intraparticle diffu-
sion model (mg/g·min–0.5) and C (mg/g) is the thickness of 
the boundary layer. The graph (Fig. 14) of intraparticle dif-
fusion model was achieved by plotting Xqt vs. t1/2 for the 
removal of L-C onto PMCNC. Various kinetic parameters 
of intraparticle diffusion model is obtained from the slope 
and intercept of linear plot. If the linear part of the curves 
passes through the origin of the plot, it can be concluded 
that intraparticle diffusion is not the only rate-controlling 
process. The plot of intraparticle diffusion model show an 
initial curve followed by linear relationship of the plot. The 

 

Fig. 12. Pseudo-first-order kinetics adsorption plot of lambda- 
cyhalothrin on PMCNC.

Table 2
Pseudo-first-order kinetic parameters of lambda-cyhalothrin 
onto PMCNC

Parameters 293 K 303 K 313 K 323 K

Xmax 0.791 0.990 0.980 0.920
K1 1.700 1.800 1.820 1.700
R2 0.96 0.98 0.98 0.98

Table 3
Pseudo-second-order kinetic parameters of lambda-cyhalothrin 
onto PMCNC

Parameters 293 K 303 K 313 K 323 K

Xmax 9.120 11.300 12.300 14.000
K2 0.0120 0.0130 0.0170 –
R2 0.994 0.997 0.996 0.999

 

Fig. 13. Pseudo-second-order kinetic of lambda-cyhalothrin onto 
PMCNC.

 

Fig. 14. Plot of intraparticle diffusion model of lambda-cyhalo-
thrin onto PMCNC.
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initial curve of the plot can be explained by the boundary 
layer effect while the linearity of plot corresponds to the 
intraparticle diffusion phenomena [31,32]. The linear portion 
of the plot don’t pass through plot origin shows that intrapar-
ticle diffusion phenomenon is not the only controlling step 
for the removal of L-C onto PMCNC. Various parameters 
of intraparticle diffusion model are tabulated in Table 4.

3.3.4. Mechanism of lambda-cyhalothrin adsorption on the 
surface of potato-based nanocomposite

Fig. 15 Illustrates the mechanism of L-C onto the surface 
of PMCNC. Removal of L-C onto the surface of PMCNC 
from aqueous solution through adsorption process is 
due to electrostatic forces of attraction, π–π interaction, 
hydrogen bonding and the formation of complex [33].

•	 pH of the surrounding solution played an important role 
in the removal of pesticides through electrostatic forces 
of attraction mechanism. At pH less than 7 (pH < pHpzc), 
the surface of nanocomposite gained a positive charge 
due to protonation of –OH group. As a result, OH2

+ for-
mation took place. The produced positively charged 

nanocomposite then interact with the oppositely 
charged L-C.

•	 The FTIR spectra of nanocomposite confirms the pres-
ence of H-bonding. The presence of free –OH group on 
the surface of nanocomposite may act as H-acceptor 
and the strongly electronegative N and O of L-C as 
hydrogen donor forming hydrogen bonds.

•	 L-C form complex with Fe of nanocomposite through 
N and O atoms of L-C.

3.4. Effect of pH

The L-C sorption on the surface of PMCNC was studied 
as a function of pH. The pH values was varied from 2–12. 
The results are specified in Fig. 16. The results show that 
as pH increases from 2–5, the sorption capacity of PMCNC 
increases gradually. It is due to protonation of N and O 

 
Fig. 15. Mechanism of lambda-cyhalothrin adsorption on the surface of potato-based nanocomposite.

Table 4
Intraparticle diffusion kinetic model of lambda-cyhalothrin 
onto PMCNC

Parameters 293 K 303 K 313 K 323 K

C 6.700 5.520 3.700 2.140
K3 0.900 0.823 0.970 –
R2 0.936 0.9499 0.9694 0.9791

 

Fig. 16. pH plot for the removal of lambda-cyhalothrin onto 
PMCNC.
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containing functional groups. Above pH 5, the adsorption 
capacity of PMCNC decreases rapidly. It is largely because 
the pH value of the solution affects the surface charges of 
the PMCNC. At acidic pH, the surface of PMCNC has a posi-
tive charge due to the protonation phenomenon. As pH rises 
from acidic to neutral and then to alkaline, the surface of 
PMCNC becomes negatively charged due to the deproton-
ation reaction.

3.5. Effect of adsorption dosage

The impact of sorbent dosage was varied from 0.05–
0.5  g at initial L-C concentration of 20  mg/L was deter-
mined at 298 K and pH 5. The results in Fig. 17 show that 
the L-C removal increases quickly with rise in sorbent 
dose, that is, from 0.05 to 0.1 g and onwards rise is slow. It 
may be due to increase in number of adsorption sites. So, 
0.1 g of the PMCNC dose was selected and used in various 
experiments.

3.6. Adsorption thermodynamics parameters

For the determination of adsorption thermodynamics, 
the adsorption experiment was carried out at 293, 313, and 
333 K. The van’t Hoff calculation was utilized to define the 
standard enthalpy (ΔH°) and standard entropy (ΔS°) of 
the sorption method.

lnK S H
R RT

�
�
�

�� � 	 (8)

where K is a constant known as sorption co-efficient dis-
tribution (L/g), ΔH° is enthalpy, ΔS° is entropy, T is tem-
perature in Kelvin and R is a general gas constant.

The van’t Hoff graphs (Fig. 18) was obtained by plotting 
lnK against 1/T. Different values of K is calculated from the 
ratio of L-C adsorbed and equilibrium concentration at dif-
ferent temperatures. The values of ΔH° and ΔS° is obtained 
from the slope and intercept of linear plot, respectively.

Standard free energy (ΔG°) were calculated at different 
temperature using the following equation.

� � �G H T S� � � � � 	 (9)

where the calculated values of ΔG° are –13.3, –19.3 and 
–23.7  kJ/mol at 293, 313, and 333K, respectively (Table 5). 
The negative values of ΔG° at various temperatures spec-
ify the spontaneous nature of the process. It also shows 
high affinity of L-C molecules for PMCNC. The rise in ΔG° 
with the rise in temperature displays that the route of L-C 
sorption is more promising at high temperature.

3.7. Comparison with other nanocomposites

Table 6 shows the adsorption capabilities of various 
nanocomposites for the decontamination of pesticides from 
aquatic media [34–38]. From all these results it is evident 
that PMCNC made from biomass precursors of potato have 
quite agreeable sorption capacity and can easily be detached 
from solution using external magnet.

 
Fig. 17. Adsorbent dosage plot for the removal of lambda-cyha-
lothrin onto PMCNC.

 

Fig. 18. van’t Hoff plot for the removal of lambda-cyhalothrin 
onto PMCNC.

Table 5
Thermodynamic parameters of lambda-cyhalothrin onto 
PMCNC

Thermodynamic 
parameters

Temperature (K)

293 313 333

Standard enthalpy 
(ΔH°)

–34 kJ/mol – –

Standard entropy 
(ΔS°)

94 kJ/mol – –

Standard Gibbs 
free energy (ΔG°)

–13.3 kJ/mol –19.3 kJ/mol –23.7 kJ/mol

Table 6
Maximum adsorption capacities of some nanocomposites

Lung et al. [34] 14.925 and 20.492 mg/g
Wang et al. [35] 20 µg
Motaghi et al. [36] 25.2 mg/g
Duman et al. [37] 5.3 and 16.3 mg/L
Choumane and Benguella [38] 7.49 mg/g
This work 14.025 mg/g
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4. Conclusion

In this study, potato-based magnetic carbon nanocom-
posite (PMCNC) was prepared from waste biomass pre-
cursors of Potato peels. The novel sorbent was tried for the 
decontamination of lambda-cyhalothrin (an insecticide) 
from aquatic media. Different sorption isotherm and kinetics 
models were employed to explain the sorption experimental 
information. The sorption kinetics results fit to pseudo-sec-
ond-order kinetics model, while sorption isotherm results 
fitted well to Langmuir isotherm model than Freundlich 
isotherm model. The values of standard entropy (ΔS°) and 
standard enthalpy (ΔH°) were positive, while that of Gibbs 
free energy (ΔG°) was negative. At higher temperature 
(333  K) the value of ΔG° was high as compared with that 
at 293 and 313 K, confirms that the process of adsorption is 
favorable at high temperature. Maximum adsorption occurs 
at acidic pH. The optimum dosage employed in all exper-
iment was 0.1  g. From the adsorption data it is concluded 
that PMCNC can be used as efficient sorbent for the decon-
tamination of was and can compete with other sorbents in 
the field of surface chemistry.
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