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A B S T R A C T
Agriculture waste is a good choice for the production of carbon dots 
owing to its abundance, wide availability, eco-friendly nature. In this 
study a novel magnetic bioadsorbent based on carbon quantum dots 
(Fe3O4-PPCQDs) from Pomegranate peel (PP) was used as adsorbent 
to remove lead (Pb) and cadmium (Cd) from 50 mL of water and 
wastewater samples by magnetic solid phase extraction (MSPE). After 
adsorption ions with Fe3O4-PPCQDs at pH=6, the concentration of 
Pb(II) and Cd (II) ions were determined by flame atomic absorption 
spectrometry (F-AAS). The manufactured of Fe3O4-PPCQDs and GO 
nanostructures were structurally characterized by scanning electron 
microscopy (SEM), transmission electron microscopy (TEM), X-ray 
diffraction (XRD) and Fourier transform infrared spectroscopy (FT-IR). 
The quantum dots were optically characterized by UV–Vis spectroscopy. 
Batch adsorption experiment was conducted to examine the effects of 
pH, contact time, temperature and initial concentration of Pb(II) and 
Cd(II) from the water. The preconcentration factor and LOD for Cd 
and Pb were obtained 50 and (1.3 μg L-1; 15.5 μg L-1), respectively. The 
equilibrium data of ions sorption were well described by Langmuir and 
Freundlich model. The R2 values obtained by Langmuir model were 
higher. The absorption capacity of Fe3O4-PPCQDs for cadmium and 
lead were obtained 17.92 and 23.75 mg g-1, respectively.
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1. Introduction
Environmental pollution based on the organic 
chemical compounds (VOCs) and heavy metals 
(M) have needed a serious threat due to the rapid 
development of the chemical industry and the toxic 
effect in environment. The contamination of heavy 
metals in water through the industrial wastewater is 
the global environmental problems [1]. The heavy 
metals compounds cannot be decomposed naturally 

and cause the various health problems in the living 
organism and human. Recently, the elimination of 
heavy metals is becoming a significant concern as 
a result of their persistence into the atmosphere 
[2]. Among of heavy metals, cadmium and lead 
(Cd and Pb) can be discharged from the several 
industrial effluents. Cadmium is liberated into the 
environment from the steel production, the cement 
manufacture, the Ni-Cd battery manufacture, 
cadmium electroplating, the phosphate fertilizers 
etc. [3]. Bivalent cadmium causes a number 
of deformities and diseases in humans, such 
as the muscle cramps, the lung problems, the 
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kidney degradation, the proteinuria, the skeletal 
deformation [4]. On the other hand, common 
anthropogenic causes of lead contamination in 
groundwater include the smelting, the mining, the 
consumption of fossil fuels and the incinerating 
solid waste [5]. Lead can cause a cognitive 
dysfunction in children, high blood pressure, the 
illnesses of the immune system and the reproductive 
system [6]. Numerous techniques have been used 
to reduce the harmful effects of cadmium and lead 
on water source, including the chemical oxidation 
and the reduction, the chemical precipitation, the 
ion exchange, the electrochemical processes, and 
the membrane filtration [7]. The performance and 
perform of above processes are difficult without 
any selectivity. However, among these methods, 
the adsorption technique is flexible, low cost 
and has a high efficient recovery [8]. Adsorption 
is a mass transfer process where a substance is 
transferred from the liquid phase to the surface of 
the solid through physical or chemical interaction. 
Many kinds of adsorbents, including the activated 
carbon [9], the inorganic minerals [10], the biomass 
adsorbents [11-13], and polymer [14–17] are used 
to remove the metal ions from the liquid phased 
such as water and wastewater. By-products from 
agriculture feed have always considered due to its 
availability and the cost features. Moreover, the 
other important characteristics are biocompatibility, 
biodegradability and the renewable [18]. Thus 
there is an  interest in use of agricultural wastes 
as a source for preparation of carbon based 
nanomaterial. Carbon based quantum dots are 
new class of carbon nanomaterials that have been 
explored due to their excellent properties [19].
However, the separation of adsorbents, obtained 
from agricultural waste, required a high-speed 
centrifugation or filter due to they are too small 
[20]. Iron oxide has excellent magnetic properties, 
the high biocompatibility, easy separation 
through external magnetic field, reusability and 
comparatively low cost. The magnetic iron oxide 
was fixed inside the polymer adsorbent matrix 
with the highest adsorption rates [21]. The surface 
modification of the activated carbon-based iron 

oxide using the coating technique improves their 
sorption capacity because, the surface coating 
phenomenon helps to converting the closely - 
packed cubic geometry of magnetic nanoparticles 
into compact [22].
Pomegranate peel (PP), as a by-product of the 
pomegranate juice industry is an inexpensive 
material. It is composed of several constituents, 
including polyphenols, ellagic tannin and ellagic 
acids [23]. So far, no study has been done on surface 
modification of iron oxide by using carbon quantum 
dots prepared from pomegranate peel for developing 
magnetic nanocomposite (Fe3O4-PPCQDs). 
The PPCQDs adsorbent has generated from the 
pomegranate peel and functionalized with Fe3O4 as 
magnetic nanostructure which was used for removing 
toxic ions from wastewater. Another advantage is 
that the loaded adsorbents could be easily separated 
from the aqueous solution using magnet instead of 
centrifugation thus conserving energy. In this study, 
the material preparation, the characterization and 
the batch-type removal experiments were carried 
out wherein the feasibility of the above described 
composite for the removal of heavy metals Cd(II) 
and Pb(II) from aqueous solution which were 
investigated by varying the process conditions.

2. Material and Methods
2.1. Apparatus
The concentration of heavy metals (Pb and Cd) in 
the aqueous solution was measured using flame 
atomic absorption spectrometry (F-AAS, Model 
AAnalyst 800, Air acetylene, Perkin Elmer, USA).  
The wavelength of 217.0 nm (Slit :1, Current lamp: 
5mA) and 228.8 nm (Slit: 0.5, Current lamp: 3 mA) 
was used for lead and cadmium determination, 
respectively. The working ranges for lead and 
cadmium were achieved 2.5-20 mg L-1 and 0.2-1.8 
mg L-1, respectively by sensitivity of 0.06 mg L-1. 
The LOD of F-AAS for lead and cadmium was 
achieved 0.1 mg L-1 and 0.05 mg L-1, respectively. 
The auto-sampler from 0.5 to 5 mL was used 
for sample introduction to F-AAS. The pH was 
measured by electronic pH meter (Benchtop meter 
inoLab pH 7110 model, WTW company, Germany).  
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2.2. Chemicals
Pomegranate peel were obtained from Mahan, 
Kerman, Iran. Sodium hydroxide (NaOH), 
cadmium nitrate tetrahydrate (Cd(NO3)2·4H2O), 
lead nitrate (Pb(NO3)2), the ferric chloride 
hexahydrate (FeCl3·6H2O), the ferric sulfate 
heptahydrate (FeSO4.7H2O) hydrochloric acid 
(HCl) with a purity of 37%, nitric acid (HNO3) with 
purity 63% was purchased from Merck and all the 
chemical reagents were analytical grade. All the 
aqueous solutions were prepared by using double 
distilled water. The pH of the solution was adjusted 
and measured using electronic pH meter. The pH 
of the solution was adjusted by adding 0. 1M HCl 
or 0. 1M NaOH and measured using electronic pH 
meter (Benchtop meter inoLab pH 7110 model, 
WTW company, Germany).  

2.3. Synthesis of Magnetic Carbon Quantum 
Dots (Fe3O4-CQDs)
The pomegranate peel (PP) has carbon structure 
which was ground after washed/ dried in the oven 
100oC. The ground powder is sifted by small mesh 
to obtained for used for synthesis of CQDs. First of 
all, 100 grams of ground powder of the pomegranate 
peel (PP) mixed with 8 Liters of DW in the 500 
mL closed container. The closed container adjusted 
on temperature between 200-230°C for two days 
and then the temperature decreased (cooling) up 
to room temperature for one day. The sediments 
were separated in by Watman filter paper based on 
the vacuum pump and the black brown product is 
created. After UV irradiation (400 nm), the color 
of product change into blue photoluminescence 
which was showed that a quantum dot particles 
synthesized correctly. The CQDs cab be absorbed 
the UV irradiation at 220 nm spectrophotometer. 
The final liquid product filtered / dried completely 
at temperature of 100 °C and finally converted into 
powder. The powder put in the oven based on quartz 
type, N2 gas and 700 °C (1 hour). Then the product 
powder was carbonized and impurities get out of 
oven. After synthesis PPCQDs, the absorption of 
UV was obtained at 210 nm which was confirmed 
by UV peak by spectrophotometer (Fig.1a). the 

magnetic Fe3O4-PPCQDs were prepared by co-
precipitation of FeCl2·4H2O and FeCl3·6H2O, 
in the presence of PPCQDs [24]. To prepare the 
nano magnetic PPCQDs, 10 mg of PPCQDs in 
10 mL of DW was ultra-sonicated for I h. To the 
resulting mixture was added 12.5 mL solution of 
FeCl2·4H2O (125 mg) and FeCl3·6H2O (200 mg) 
in deionized water (10 mL) at room temperature. 
Then, 30% ammonia solution was added for the pH 
= 11 and the temperature was increased to 60 °C. 
After being stirred for 1 h, the product was cooled at 
25oC. finally, the black powder of Fe3O4-PPCQDs 
centrifuged at 4000 rpm for 20 min, washed and 
dried at 75oC (Fig.1 b).

  
Fig.1. a) UV absorption by CQDs product b) The 

mechanism of synthesis of Fe3O4-PPCQDs
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2.4. Batch mode adsorption and analytical 
procedure 
Adsorption of Pb(II) and Cd(II) based on Fe3O4-
PPCQDs adsorbent was achieved in optimized 
experimental conditions such as pH, the contact 
time, the amount of adsorbent and temperature. The 
experiments were carried out in 50 ml Erlenmeyer 
flasks. Experiment parameters were achieved 
from pH 2 to 8, the sample volume of 50 mL, the 
contact time between 2 - 60 minute, the amount 
of biosorbent from 0.01 to 0.2 g, the temperature 
between 5-45oC and the concentration of ions 
5-150 mg L-1. To adjust required The pH of aqueous 
solution was adjusted with HCl (0.1 M) and NaOH 
(0.1 M). Finally, the thermodynamic parameters and 
isotherms were studied. The Fe3O4-PPCQDs were 
separated with a magnet using its magnetic field, 
and the filtrate was kept for the further determination 
of remaining Pb(II) and Cd(II) in water by F-AAS 
after back extraction solid phase by 1 mL mixture 
of HNO3 0.1 M/DW. Moreover, the linear ranges 
of MSPE procedure for cadmium and lead based 
on Fe3O4-PPCQDs were achieved 4-20 μg L-1 and 
50-140 μg L-1, respectively (RSD%<2.4). So, the 
trace analysis of lead and cadmium (sub-ppb) can 
be created by the Fe3O4-PPCQDs adsorbent. The 
quantity of adsorbed ion per unit mass of biosorbent 
was calculated from Equation 1:

qe= (C0-Ce) × V/m     (1) 
where Co and Ce are the concentrations of Pb(II) 

and Cd(II) at the beginning and at the end of the 
adsorption process.

3. Result and discussion
3.1. Characterization
X-ray diffraction (XRD) patterns were recorded 
on a Seifert TT 3000 diffractometer (Ahrensburg, 
Germany). The specific surface areas and pore volume 
of the sorbents were calculated by the Brunauer-
Emmett-Teller (BET) and Barrett-Joyner-Halenda 
(BJH) methods, respectively. Scanning electron 
microscopy (SEM, Phillips, Netherland) was used 
for surface image of the CQDs The morphology 
of sorbent was examined by transmission electron 
microscopy (TEM, Philips, Netherland). The Fourier 
transform infrared spectrophotometer (FTIR, Bruker 
GmbH, Germany) using KBr pelleting method was 
used in the 4000–200 cm−1

3.2. Fourier-transform infrared spectroscopy (FTIR)
The FTIR spectra of Fe3O4-PPCQDs adsorbent are 
shown in Figure 2. The prime spectrum of FTIR 
of CQDs is shown in black line as nonactivated 
form (Fig. 2a) and red line (activated/HNO3)
which has different wavenumbers but both of them 
is similar. In these figures, the peak of 1020 cm-

1,1200 cm-1 ,1250 cm-1 belong to C-O bond and 
the peak of 1381 cm-1 shows the formation of C-H 
bond. Additionally a peak of 1585 cm-1 is observed 
for C=C bond and the another peak appeared in 

Fig.2(a). The spectrum of FTIR of CQDs
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3300 cm-1 shows the O-H bond. In Figure 2 (b), 
the red graph is the sample activated with nitric 
acid vapour. Meanwhile similar peaks of 3340 
cm-1 (O-H bond) were observed in Figure 2(a,b). 
In  addiition FTIR of Fe3O4-PPCQDs was shown 
in Figure 2 C which has a peak in 582 cm-1 belong 
to Fe3O4.

3.3. XRD spectra of CQD
In Figure 3, the X-ray diagram was shown for 
carbon quantum dots(CQDs) and magnetic 
carbon quantum dots (Fe3O4-PPCQDs). The 
XRD curve of Fe3O4-PPCQDs is similar to simple 

form of CQDs. In this pattern two main Peaks 
in 2θ is equal to 22-24 degrees and 45 degrees 
were observed. The observed wide peak is in the 
intensity of 24 degrees in page (002) relates to 
the graphite. The width peak can have related to 
mall size of carbon quantum dots. The observed 
Fe3O4-PPCQDs peak in 45 degree angle relate 
to (101) which indicates similar to graphene 
formed by quantum dot particles. The XRD 
pattern for CQDs is similar to Fe3O4-PPCQDs 
which was indicated that carbon quantum dots 
modified with PP and Fe3O4 did not changed on 
the structural order of CQDs. 

Fig.2(b). The spectrum of FTIR of HNO3-CQDs

Fig.2(c). The spectrum of FTIR of Fe3O4-PPCQDs
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3.4. Field emission scanning electron 
microscope (FE-SEM)
The surface morphology of the CQDs was reported 
a field emission scanning electron microscope (FE-
SEM). The FE-SEM of CQDs have been shown 
in Figure 4(a). The CQDs primary samples were 
formed as blocks of nano particles carbon. The 
blocks are as a colony and forms big volume of 
CQDs. The smallest size the structure was between 
10 to 30 nanometer which consists of very small 
particles of CQDs. The FE-SEM of the Fe3O4-
PPCQDs was shown in Figure 4(b) with size of 10-
25 nm. 

3.5. Transmission electron microscopy (TEM)
Transmission electron microscopy (TEM) was used 
to study of the nanostructure size. The microscopic 
pictures of the CQDs have been shown in Figure 5a.  
These pictures are shown clearly a magnified picture 
which the carbon particles are so small. Moreover, 
the formation of Fe3O4-PPCQDs has very small 
particles which is clearly visible by TEM (Fig.5b).
 
3.6. Bach adsorption studies
3.6.1. pH dependent studies
The effect of pH (Fig. 6a and b) on the adsorption of 
Pb(II) and Cd(II) ions was studied by Fe3O4-PPCQDs. 

Fig.3. The XRD diagram of CQDs and Fe3O4-PPCQDs 

Fig.4a. The FESEM of CQDs                                          Fig.4b. The FESEM of Fe3O4-CQDs
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In order to determine the optimum pH, the pH range 
between 2.0–11.0 was evaluated for Pb(II) and Cd(II) 
ions. While screening the pH values, all the other 
process variables were kept constant. A control 
experiment was also run (in the absence of Fe3O4-
PPCQDs) for the removal Pb(II) and Cd(II) to 
explore the effect of chemical precipitation (Fig. 6a). 
The control experiment revealed that there was no 
removal of Pb(II) and Cd(II) up to pH 7.0 but when 
the pH was more than 7.0 both ions precipitated 
as hydroxides [Pb(OH)2 and Cd(OH)2] in the 
solution thus, leading to their complete removal 
without Fe3O4-PPCQDs. Also, the adsorption of 
Fe3O4-PPCQDs was shown in Figure 6b. Due to 
interaction of ions with adsorbent, the maximum 
removal for Pb(II) and Cd(II) was achieved at 

pH 6.0. The adsorption of Pb(II) and Cd(II) was 
decreased at lower and upper pH of 6 (5.5>pH>6.5). 
This behavior may be due to the reason that: lower 
pH leads to an abundance of hydronium ions (H3O

+) 
in the solution that causes competition between 
hydronium ions and Pb(II) and Cd(II) ions for 
adsorption onto Fe3O4-PPCQDs. Thereby lowering 
the overall adsorption efficiency of these metal ions 
occurred at lower pH [25]. On the other hand, by 
increasing pH, the adsorption also increased, which 
can be showed that in this range (neutral and weakly 
acidic) most metals are available as soluble and free 
cations for adsorption. One of the important factors 
related to the chemical structure of the adsorbent is 
the point – zero charge pH (pHpzc). At this pH, there 
is no charge on the surface. 

Fig.5a. The TEM of CQDs                                        Fig.5b. The TEM of Fe3O4-PPCQDs

Fig.6. a) Effect of pH on Pb(II) and Cd(II) removal without Fe3O4-PPCQDs, b) with Fe3O4-PPCQDs adsorbent
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3.6.2. Effect of time
The effect of contact time on the removal 
of Pb(II) and Cd(II) by Fe3O4-PPCQDs was 
investigated to determine the optimum time 
taken to attain the equilibrium. The adsorption 
experiments were carried out by varying the 
contact time between 2 and 60 min, keeping all 
other process variables constant. Figure 7 depicts 
that the removal percentage was increased by 
increasing of the contact time. The equilibrium 
was achieved for 20 min and after this time, 
the further removal for Pb(II) and Cd(II) ions 
was not observed (constant). It was observed 
that, the rate of adsorption of ions was faster at 
initial stages, that this may be attributed to the 
quick uptake of ions onto the large surface area 
of Fe3O4-PPCQDs up to 20 min and after it the 
adsorption progress was slowly followed and 
remained constant. 

Fig. 7. Effect of contact time on Pb(II) and Cd(II) 
removal by Fe3O4-PPCQDs

3.6.3. Effect of amount of adsorbent
The effect of amount of Fe3O4-PPCQDs was 
investigated under optimized conditions (pH=6 
and contact time: 20 min.). As shown in Figure 8, 
the adsorption increased with the Fe3O4-PPCQDs 
amount up to 0.1 g. Also, the adsorbent surface 
has saturated with the extra value of Pb(II) and 
Cd(II) ions in optimized mass. At higher amount 
of adsorbent, the adsorption yield is almost 
unchanged, because the most of Pb(II) and Cd(II) 

ions interact with Fe3O4-PPCQDs surface. 

Fig. 8. The effect of adsorbent amount on Pb(II) and 
Cd(II) removal Fe3O4-PPCQDs

3.6.4. Effect of temperature
The effect of the temperature on adsorption  of  
Pb(II) and Cd(II) ions was examined. As shown 
in Figure 9, the adsorption was reduced as the 
temperature rising (5 °C–45 °C). The desorption 
of metal ions on Fe3O4-PPCQDs was exothermic 
process and by increasing temperature the removal 
efficiency decreased. So, the high adsorption of 
Pb(II) and Cd(II) ions on Fe3O4-PPCQDs adsorbent 
depended on the low temperature. 

Fig. 9. The effect of temperature on Pb(II) and Cd(II) 
removal by the Fe3O4-PPCQDs

3.6.5. Effect of initial concentration of Cd(II) 
and Pb(II)
The effect of initial concentrations of Pb(II) and Cd(II) 
on adsorption process based on Fe3O4-PPCQDs were 
evaluated at various concentration from 10 to 150 
mg L−1. In addition, the all of other parameters are 
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constant which is shown in Figure 10a. The Figure 
10a revealed that the metal removal was reduced by 
the Fe3O4-PPCQDs when the metal concentration 
increased from 10 to 150 mg L−1 in the solution. The 
results showed, the removal efficiencies (%) were 
decreased for Cd(II) and Pb(II) from 88.60 to 44 and 
94.61 to 55.22, respectively. The reduce of removal 
efficiency (%) by increasing the metal concentration 
may be due to covering /coating of the most surface 
sites of Fe3O4-PPCQDs with high concentration of 
Pb(II) and Cd(II) and the adsorption capacity of the 
adsorbent get exhausted due to non-availability of 
free binding sites [25]. Also, at low concentration 
ranges, the percentage of adsorption is high because 
of the availability of more active sites on the surface 
of adsorbent. Figure 10b showed that the adsorption 
capacity against ion concentrations. The increase 
in adsorption capacity depended on initial metal 
concentration which was led to increase the diffusion 
of Pb(II) and Cd(II) ions from the liquid phase to the 
surface of the solid phase.  So, the driving force of 
the metal ions cause to lead to the collisions between 
metal ions and the nanoparticles surface. Therefore, 
the adsorption capacity was increased [23].

3.7. Adsorption thermodynamic
The adsorption process was analyzed by 
thermodynamic theory. The thermodynamic 

parameters viz. standard Gibb’s free energy (ΔG°), 
standard enthalpy (ΔH°) and standard entropy 
(ΔS°) for the removal of Pb(II) and Cd(II) by the 
Fe3O4-PPCQDs were calculated by Equations 2-5 
[26]:
 			   (Eq. 2)

 		  (Eq. 3)

 			   (Eq. 4)

 				    (Eq. 5)

where R (8.314 J mol−1 K−1) is the universal 
gas constant, K is the equilibrium constant at 
temperature T, T is the absolute temperature (K), 
Ce (mg L−1) is the equilibrium concentration and qe 
is the amount of Cd(II) and Pb(II) adsorbed on the 
surface of the Fe3O4-PPCQDs. Figure 11 shows the 
relationship between ΔG°  and temperature. Table 1 
gives the thermodynamic parameters for adsorption 
of Cd(II) and Pb(II) adsorbed on the surface of the 
Fe3O4-PPCQDs adsorbent at different temperatures. 
As can be seen from the Table 1  the negative 
value of ΔG° signifies that the adsorption process 
is feasible and spontaneous in nature.  With the 
increase in temperature, ΔG° shifts to more positive 
values  indicating that the increase in temperature 

Fig. 10. a). Effect of initial metal ion concentration on Pb(II) and Cd(II) removal by Fe3O4-PPCQDs,
b) adsorption capacity against metal ion concentration.
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was not favorable for the adsorption process 
[27]. The negative value of ΔH° signifies that the 
adsorption process is exothermic. That was also the 
reason equilibrium adsorption of Cd(II) and Pb(II) 
decreased as the rising of solution temperature 
(Effect of temperature). The value of ΔS were −20.31 
and −6.38 J mol−1 K−1 for adsorption of Cd(II) and 
Pb(II) ions, which reflected that the randomness at 
the interface of the Fe3O4-PpCQDs and solution was 
reduced during the adsorption process.

Fig.11. Relationship between ΔG° and temperature

3.8. Adsorption isotherms
The most  popular isotherms are Langmuir and 
Freundlich [28] models. The Langmuir model 
describes monolayer adsorption, however 
Freundlich model show heterogeneous surface. 
The linear form of Langmuir model is given by 
following Equation 6:

                                          (Eq. 6)

where Ce (mg L-1) is the equilibrium concentration 
of the solution, qe (mg g-1) is the amount of metal 
adsorbed per specific amount of adsorbent, qm (mg 
g-1) is the maximum amount of metal ions required 
to form monolayer, K (L mg-1) is the adsorption 
equilibrium constant (Fig. 12). Freundlich 
adsorption model demonstrate that adsorbents 
have a heterogeneous surface having site with 
different adsorption potential. It moreover expects 
that stronger binding sites are occupied first and 
the binding strength decreases with the increasing 
degree of occupation. The Freundlich adsorption 
model in its linear form is given in Equation 7:

  (Eq. 7)

where Kf (mg g−1) is the Freundlich constant 
indicating adsorption capacity, n (L mg−1) is the 
adsorption intensity that is the measure of the 
change in affinity of the adsorbate with the change 
in adsorption density. The Freundlich constants Kf 
and n were calculated from the slope and intercept 
of the plot of Ce versus log10 qe (Fig. 13) that 
shown in Table 2. The values of Langmuir R2 for 
Cd(II) and Pb(II) by the Fe3O4-PPCQDs were 
higher than Freundlich model thus, indicating that 
Langmuir model fitted the data in good congruence, 
thereby indicating monolayer adsorption.

Table 1. Thermodynamic parameters for adsorption of Pb(II) and Cd(II) by
Fe3O4-PPCQDs at different temperatures

Ion T (K) ΔG (J mol-1) ΔH (J mol-1) ΔS (J mol-1) R2

Pb (II)

278 -8700

-16908 -29.32 0.978
288 -8510
298 -8256
308 -7800
318 -7589

Cd (II)

278 -7105

-10947 -13.93 0.980
288 -6923
298 -6748
308 -6664
318 -6538

Anal. Methods Environ. Chem. J. 4 (3) (2021) 21-46
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3.9. Comparison of adsorption capacity with 
other adsorbents
The maximum adsorption capacity of Fe3O4-PPCQDs 
nanocomposite for the removal of Pb(II) and Cd(II) 
was compared with other adsorbents reported in the 

literature and the values are given in Table 3. It is clear 
from Table 3, that the adsorption capacity of Fe3O4-
PPCQDs. is comparable with other nanomaterials 
suggesting that, it is effective in removing Pb(II) and 
Cd(II) from aqueous solutions [29-33]. 

Table 2. Langmuir and Freundlich isotherm parameters for the removal of Pb(II) and Cd(II)
by the Fe3O4-PPCQDs

Parameters Pb(II) Cd(II)

Langmuir parameters
qm (mg g-1)
b (L mg-1)
R2

23.75
0.120
0.9842

17.92
0.092
0.9815

Freundlich Parameters
Kf (mg g-1)
n (L mg-1)
R2

3.82
2.22
0.9748

2.5
2.21
0.965

Fig. 12. Linear Langmuir isotherm for Pb(II)
and Cd(II) removal by the Fe3O4-PPCQDs.

Fig. 13. Linear Freundlich isotherm for Pb(II)
and Cd(II) removal by the  Fe3O4-PPCQDs.

Table 3. Comparison of adsorption capacity of the Fe3O4-PPCQDs with other adsorbents.

Adsorbents
Adsorption capacity (mg g-1)

pH Adsorbent 
mass (mg). Ref.

Cd (II) Pb (II)

CFe3O4 4.106 3.795 3 50 29

PMNPs 29.60 3.103 1 to 8 50 30

Kaniar Fe3O4 2.20 1.35 5 200 31

MCANF ----- 44 6 100 32

Sawdust (Fe3O4/SC) 63 ----- 6.5 400 33

This study 17.92 23.75 6 100 -----

CFe3O4: Chitosan/iron oxide nanocomposite
PMNPs: Polymer-modified magnetic nanoparticles
Kaniar Fe3O4: Magnetic Bauhinia purpurea (Kaniar) powders
MCANF: Fe3O4 nanoparticles onto cellulose acetate nanofibers nanocomposite
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4. Conclusions
In this article, the adsorption potential of the Fe3O4-
PPCQDs nanocomposite was investigated for the 
removal of Pb(II) and Cd(II) ions. TEM analysis 
revealed that the synthesized nanoparticles have 
an average particle size of 10-25 nm for the Fe3O4-
PPCQDs. The XRD analysis of Fe3O4-PPCQDs 
confirmed the presence of magnetite phase 
exhibiting average crystal size similar to that 
indicated by the TEM analysis. Batch adsorption 
experiments were led to study the effect of 
various parameters like agitation time, adsorbent 
dosage, initial concentration of the Pb(II) and 
Cd(II), temperature, and pH. The conditions for 
the highest removal efficiency of synthesized 
nanocomposite for the removal of Pb(II) and 
Cd(II) were achieved (pH=6.0, temperature=25 
±1°C, initial metal ion concentration=50 mg L−1 
contact time =20 min). Based on procedure, the 
maximum Langmuir adsorption capacity was 
obtained 17.92 mg g−1 for Cd(II) and 23.75 mg 
g−1 for Pb(II) at pH 6. In addition, the working 
ranges of cadmium and lead adsorption based on 
Fe3O4-PPCQDs nanocomposite in 50 mL of water 
samples were obtained 4-36 μg L-1 and 50-400 μg 
L-1, respectively by the MSPE procedure (PF=50, 
RSD%<2.4). Therefore, the ultra- trace analysis 
of Pb(II) and Cd(II) ions was done by Fe3O4-
PPCQDs nanocomposite at pH=6.
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