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Abstract— Wastewater polluted with harmful heavy metal presently becomes a crucial environmental issue 
throughout the world. In this study, commercial and synthesized Fe3O4 nanoparticles were functioned to 
remove lead, nickel and cadmium ions in single element system. Experimental conditions including pH, 
contact time and metal ion concentrations were tested. The isothermal equilibrium for single component 
system was favorable and the maximum uptake of lead, nickel and cadmium ions adsorbed on commercial 
Fe3O4 were 35.3, 5.18 and 18.16 mg/g respectively while 31.5, 4.36 and 20.56 mg/g on synthesized one at 
optimum pH 6 for an hour of equilibrium contact time. The isotherm data resulted from both adsorbents 
fitted well with Freundlich model. The experiments demonstrates that the performance of synthesized 
nanosorbent which is economically convenient to be used, approaches the effectiveness of commercial 
Fe3O4. Therefore, prepared nanosorbent form was taken as practical adsorbent and utilized in binary and 
ternary systems to show the competition of metal contaminants. Results indicated that lead ions had rapid 
affinity to be sorbed on the nanoparticles while nickel solute had slow attraction. XRF X-ray fluorescence, 
TEM Transmission electron microscope, FTIR Fourier transfer infrared and XRD X-ray diffraction were 

also carried out to identify and demonstrate the properties of both nanosorbents. 
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1. Introduction 

Rapid expansion of industry and continual growth of 
human being populations create unhealthier environmental 
contamination than in the past. Increasing heavy metal 
pollutions resulted from modern industrialization and 
rapid urbanization is considered as a major issue in the 
environmental ecosystems [1]. Some heavy metals, unlike 
organic solutes, at low concentrations are crucial for many 
physiological and biochemical processes. However, at 
high concentrations, they cause hazards to human health 
and environment [6,18]. The metals which are extremely 
worried about are cadmium, mercury, lead, manganese, 
chromium, cobalt, copper, nickel, and zinc [9,10]. 
Although these metal elements are essential and useful 
technologically, their release through various industrial 
wastewater into environment and water sources cause 

serious public concerns due to non-biodegradability and 
their toxicity at relatively low concentrations [5,13,8]. 
These toxic metal ions are observed in effluent discharge 
of some industries like chemical production, leather, 
textiles, the plastic industry, storage batteries, mining, 
melting, metallurgical processes [1,35]. Those metals tend 
to store in organs of aquatic organisms and transfer to 
consumers, leading to various health problems [19]. Thus, 
heavy metals can accumulate in food chain through 
ecological prevailing and may present increasing long-
term toxic effects [15,32]. 

The instantaneous removal of these toxic pollutants from 
wastewater is a noticeable issue in the aerobic and aquatic 
world. A number of physical and chemical methodologies 
have been developed to control these toxic contaminants 
successfully such as chemical precipitation technique, ion 
exchange practice, membrane separation processing and 
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electrochemical treatment [41,43]. All the above methods 
are costly, high energy input, large quantities of chemical 
reagents required, having high chemical sludge production 
and inefficient for low-level metal contamination removal 
from wastewater [4]. Therefore, cost effective alternative 
technologies for treatment of metal contaminated waste 
streams are needed. Adsorption is a common, effective, 
economical and satisfactory technique that widely used in 
elimination of toxic metal ions because of ease of 
operation, economic feasibility, wide availability and 
simplicity of design [8,23]. Furthermore, environmentally 
friendly adsorbent and applicable nanoparticles are widely 
familiar in research due to desirable and unique physical 
and chemical properties [34]. Nanoparticles exhibit good 
adsorption efficiency in water purification systems due to 
large surface area, high surface reactivity, simplicity in 
usage, great active sites for interaction with metallic 
species, strong adsorption ability, ease synthesis and no 
secondary pollutants [14,27]. Currently, nanosized metal 
oxides, including nanosized ferric oxides, manganese 
oxides, aluminum oxides, titanium oxides, magnesium 
oxides and cerium oxides, are classified as promising 
adsorbents for heavy metal removal from aqueous 
systems. Metal oxide nanosorbents should obey certain 
conditions: nontoxicity, high ability of adsorption, great 
potential of selectivity to different concentrations of 
pollutants and easily regeneration [38]. Recently, 
commercial and natural iron oxides have attracted 
attention most researchers because of their Nano-
adsorptive properties [29]. In spite of being their 
ubiquitous availability in nature, iron oxides are the most 
popular nanoparticles having nanoscale zero-valent iron. 
Moreover, they possess different physicochemical 
properties due to the difference in their iron oxidation 
states leading to different capability for pollutant removal.  

Velez et al. [36] confirmed that iron oxide nanoparticles 
have the capability to remove 70% of persistent mercury 
pollutant in wastewater and showed that the applied iron 
oxides nanoparticles have a narrow size distribution up to 
(∼100nm). Mahdavi et al. [21] also investigated toxic 
heavy metal removal from wastewater using iron metal 
oxide nanoparticle adsorbent, which are completely 
different from other conventional adsorbent solids and the 
maximum uptake values of four elements (cadmium, lead, 
nickel and copper) together in multiple component 
solutions were 73 mg/g, In this investigation study, 
systematic laboratory examination of batch process was 
employed to explore the viability and effectiveness of 
commercial and synthesized iron oxide nanoparticles to 
remove lead, nickel and cadmium ions in single, binary, 
and ternary systems. This work also reports the preparation 
of nanoparticles in laboratory. and identification of the 
essential characterization of both nanosorbents through 
using (XRF, SEM, FTIR and XRD) techniques. 

2. Materials and Methods 

2.1 Metal Solute Solutions 

Chemical reagent powders of Pb (NO3)2, Ni (NO3)2.6H2O 

and Cd (NO3)2 (BDH /England-purity 99.5 %) were used 

to prepare (1000 mg/l) a stock metal solution for each of 
lead, nickel and cadmium ions. Quantities of 1.6, 4.953 
and 2.104 g of lead nitrate, nickel nitrate and cadmium 
nitrate respectively were weighed and mixed with 200 ml 
of deionized water and a volume of 10 ml of concentrated 
nitric acid. Once a uniform adsorbate solution was 
reached, Dilution was applied by the further addition of 
deionized water up to 1000 ml [11]. The desired normality 
was obtained after diluting a limited volume of 
concentrated solution with deionized water. Dissolved 
metal concentrations in solution were measured using an 
inductive couple plasma optical emission spectrometer 
(ICPOES-Optima 2100 DV, PerkinElmer Inc., UK).  

2.2  Nano adsorbent 

Two types of iron oxide Fe3O4 nanoparticles were applied 
in this research. Commercial form nanoparticles (acquired 
from Houston nanoparticle research in USA, TX 77084) 
and synthesized form prepared in laboratory were used as 
Nano sorbents to eliminate metal pollutants Pb (II), Ni (II) 
and Cd (II) from water. The overall goal was to 
characterize, utilize and ascertain the performance of both 
sorts in removal of metal ions. The one which had higher 
efficiency and less cost effective in removal of metal 
pollutants, used in binary and ternary systems.  

2.3 Fe3O4 nanoparticle preparation in laboratory 

Iron oxide (Fe3O4) nanoparticles are widespread in nature, 
have the structure of an inverse spinel and they differ from 
most other iron oxides in that they contain both Fe (II) and 
Fe (III). Co-precipitation is the most widely used method 
for the synthesis of the nanoparticles of controlled sizes 
[31,40].  The amount of 5.4 g ferric chloride hexahydrate 
(FeCl3.6H2O) and 3.6 g of technical urea (NH2)2CO (purity 
99 %, total nitrogen content 46 %, Prilled urea, Shandong 
factory, China) were weighed and mixed in a thermo 
conical flask using 200 ml distilled water. A water bath 
was turned on and set on 90±3˚C to heat the mixture until 
the color of the solution turned from clear orange to kaki. 
The liquid mixture was left for a while to cool down and 
then a magnetic stirrer with a speed of 600 rpm was used 
to mix the solution with an additional 2 g of ferrous 
chloride tetrahydrate (FeCl2.4H2O) for 15 minutes. Some 
drops of NaOH solution with molarity (2 mol/l) were 
gradually added until the pH value of the solution rose to 
above 10. Thus, a greenish precipitate was observed and 
poured into a plastic can with 500 ml capacity. Distilled 
water was added to fill the can and then sealed to prevent 
air from entering. Finally, the plastic container was left at 
room temperature for 7 h. The precipitated black color was 
filtrated using Whatman filter paper No.42, followed by 
washing with 500 ml of distilled water initially and then 
100 ml of acetone later. The residue precipitate on the filter 
paper was oven-dried at 50˚C for 7 h [12]. Figure 1 
illustrates the schematic diagram for the preparation of raw 
iron oxide nanoparticles in laboratory. 
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Figure1: Schematic diagram for the preparation of iron oxide nanoparticles in laboratory 

The main physical properties of the commercial 
nanoparticles were procured from the purchased bottle 
label (Houston nanoparticle research in USA, TX 
77084) while for synthesized one, various techniques 
in Kurdistan institution for strategic studies and 
scientific research were depended to measure its 
characteristics. Table 1 shows the list of main physical 

features of both nanosorbents. Specific and external 
surface area characteristics of commercial nanosorbent 
were also evaluated and they are (63 and 61) m2/g 
respectively while for synthesized type 58 and 55m2/g 
respectively. The results showed that no substantial 
difference is existed between them. This demonstrates 
of having no essential porosity and upholding high 
surface area. 

 

Table 1: The main physical properties of commercial and 

synthesized Fe3O4 nanoparticles 

Physical properties Commercial Fe3O4 Synthesized Fe3O4 

Purity 98±% 97±% 
Average Particle Size (nm) 20-30 50-80 

External Surface Area(m2/g) 61 55 
Color Dark Dark Brown Clear brown 
Morphology Spherical Spherical 

Bulk Density (g/cm3) 0.84 0.79 

True Density (g/cm3) 4.8-5.1 4.73 

Both types of nanosorbents were also scanned under 
XRF technique (X-ray florescence, Spectro 
IQ11/Ametek, materials analysis division/Germany) to 
identify the main chemical composition involved in 
their structure. The results are illustrated in Table 2 
showing that Fe2O3 in both (commercial and 

synthesized) samples takes the largest quantity 
(72.74% and 54.85%) respectively. The higher 
percentage of Fe ions in the nanosorbent, the better 
attraction properties of the adsorbent sample to adsorb 
metal contaminants from bulk liquid will be. However, 
working on synthesized adsorbent is more economical 
compared to commercial one. 

 

Table 2: Chemical composition of both Fe3O4 nanosorbent types by XRF 

 

 

 

 

 

 

 

 

  

Dissolving 
[FeCl3.6H2O+ 
(NH2)2CO] in 
200ml water

Heating the 
mixture in water 

bath at 90oC

Cooling & then 
stirring at 600 
rpm for 10min.

Adding 
FeCl2.4H2O once 
color changed to 

kaki

Making pH ˃10

Transferring 
mixture into 

aging cube for 

7 h

Filtration & 
washing with 

water and 
acetone

Drying at 50oC 
for 7 h

Compounds Commercial  Fe3O4 Synthesized  Fe3O4 

%Fe2O3 72.74 54.85 
%SiO2 0.112 0.113> 
%Al2O3 0.178 0.203 
%TiO2 0.75 0.0064 
%MnO 0.382 0.2 
%MgO 1.268 0.26 

%Cl 0.169 1.71 
%CaO 0.197 0.011 
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3. Batch experiments 

3.1 Evaluation of optimum pH 

To find the optimum value of pH that gives maximum 
efficiency to remove metal ions, the following 
procedure was taken: 

The amount of 0.5 g of commercial Fe3O4 
nanoparticles was added separately to six volumetric 
flasks, each containing 100 ml of a single heavy metal 
solution with a concentration of 40 mg/l for Pb (II), Ni 
(II) and Cd (II) ions respectively. The pH value of the 
solutions in the six flasks was adjusted from 3-8 using 
0.1 molar sodium hydroxide or nitric acid solution with 
an agitation speed of 200 rpm at a laboratory 
temperature of 20°C for an hour of contact time. 
Finally, separation of nanosorbent from metal solution 
was performed using U-shaped magnetic horseshoe 
part and samples of 10 ml from each volumetric flask 
were taken, filtered and measured in concentration by 
inductive couple plasma optical emission 
spectrophotometer (ICPOES). The same procedure 
was repeated for synthesized nanoparticle adsorbent.  

3.2  Equilibrium Contact Time  

Enough contact time is essential to establish the 
equilibrium time for maximum uptake. In the initial 
stage, the removal efficiency of metal ion is rapid due 
to availability of plenty effective active sites on the 
adsorbent surface. However, the process becomes slow 
in later periods. This means that the equilibrium status 
can be achieved [25]. The quantity of 0.5 g of each iron 
oxide nanosorbent separately was blended with 100 ml 
of single metal ion solutions in two flasks of 250ml 
capacity with a concentration of 40 mg/l for Pb(II), 
Ni(II), and Cd(II) ions. The solutions were adjusted to 
pH 6 and agitated with speed of 200rpm for different 
periods of time. Samples with a volume of 10ml at each 
period were taken at each period and their metal ion 
concentration measured using (ICPOES). 

3.3  Initial metal concentration influence 

Three distinctive concentrations of 15, 40 and 80 mg/l 
were utilized to show the effectiveness of solution 
strength on the functional efficiency of both 
nanosorbents towards the ultimate adsorption of metal 
ions. A mass of 0.5 g of each nanosorbent particles was 
mixed separately with 100 ml of single metal ion 
solution in a number of flasks of 250ml capacity with 
three distinctive concentrations of 15, 40 and 80 mg/l 
for each ion of Pb(II), Ni(II), and Cd(II). The solutions 
were adjusted to pH 6 with an agitation speed 200 rpm 
at 20oC. Samples with a volume of 10ml were taken at 
each period and their metal ion concentration measured 
using (ICPOES). 

3.4 Equilibrium isothermal investigation  

Different quantities of nanosorbent (0.05, 0.1, 0.2, 
0.25, 0.3, 0.4, 0.6, 0.8, 1,1.2, and 1.4) g were used and 
put into 11 volumetric flasks of 250 ml. Solutions with 
the concentration of 40mg/l were prepared for single 
systems of lead, nickel and cadmium ions respectively 
and 100 ml from each solution was added to each flask. 
The pH value of solutions in the flasks was adjusted to 
desirable value of 6 using 0.1M sodium hydroxide or 
nitric acid. Thermoshaker was used to agitate 
continuously for an hour with a speed of 200 rpm and 
temperature 20°C. Nanosorbents from each flask were 
separated using a small magnetic horseshoe and the 
samples filtered through Whatman filter paper (No.1). 
Volume of 10 ml from each sample was taken and few 
droplets of the nitric acid added to lower its pH value 
below 2 to in order to fix the concentration of the heavy 
metals during storage of metal ions in the samples prior 
to analysis [25]. The final equilibrium concentrations 
were measured by (ICPOES). The uptake qe and 
efficiency η of adsorbed metal ion is then calculated 
using the following formulas [22]: 

 

q
e

=
Vl(Co − Ce)

W
                          (1) 

η% =
(C� − C�)

C�

                          (2) 

Where; Co and Ce are initial and equilibrium metal 
concentration in the experiment solution respectively 
and Vl is metal solution volume in the flasks and W is 
the dosage of nanosorbents. Isothermal adsorption 
curves for each metal ions on both of nanosorbents 
were plotted based on the amount of adsorbed solute 
for each unit of weighted nanosorbent (qe) versus the 
final equilibrium concentration of metal ions in the 
solution (Ce). The obtained experimental laboratory 
data from isothermal adsorption experiments was 
interrelated to two common non-linear adsorption 
model equations (Langmuir and Freundlich) through 
using of statistical software-version.8 to compute 
fundamental parameters of each model [37]. These 
models describe the energy distribution of active sites 
that can be homogeneous or heterogeneous. In 
addition, they suggested monolayer or multilayer 
adsorption and interactions between adsorbed 
molecules [33]. 

3.5  The influence of multicomponent metals on 

nanosorption  

Mixed ion systems are normally existed in effluent 
discharge of various industries. In this system, only the 
greater and more efficient nanosorbent was utilized to 
eliminate metal contaminant ions in aqueous solution. 
The gained data for binary and ternary element systems 
were associated with two common models (Extended 



Author (s) Name / Association of Arab Universities Journal of Engineering Sciences (2020) 27(1): 30–43 34  
 

Langmuir represented by equation (3) and Interaction 
Factor denoted by equation (4).  
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Where bi and qm, are the Langmuir isotherm model 
parameters, Ce,i is equilibrium concentration of metal 
ions. (N) and (P) are number of experimental data and 
interaction factor model parameter respectively. 
Statistical software-version,8 was again used to 
evaluate parameters of each model based on non-linear 
fit of the model equations to the experimental data.  

3.6 TEM scanning examination  

TEM scan has its strong points of interest as it 
appropriates direct pictures and local information on 
morphology, distribution and stage present of particles. 
The micrographs in Figure 1 provide information about 
size, shape and distribution of particles for both of 
biosorbent and synthesized Fe3O4 nanoparticles. The 
biosorbent exhibited a rough surface providing a large 
vacant area for metal ion interaction [40]. The images 
also demonstrate that small pores are existed on the 
biosorbent surface whereas no pore sizes are noticeable 
in the nanosorbent images. The existence of pore sizes 
on the surface of biosorbent is helpful for further 
uptake of solute pollutants from the bulk solution and 
enhance deeply intraparticle diffusion [40]. 

The size, shape and morphology surface of both 
samples of Fe3O4 nanoparticles were identified through 
TEM scanner. [42]. The images of both samples were 
analyzed through detection of electron reflection from 
the samples under 25.00KV. 

3.7  Fourier Transform Infrared analysis  

The presence of negative functional group charges on 
the raw iron oxide surface creates an affinity for 
electrical attraction of positive metal ions in bulk water 

liquid. Identification the type of efficient groups 
(carbonyl, carboxylic, hydroxyl and others) on external 
surface of nanosorbent requires Fourier Transfer 
Infrared investigation. One-gram mass of iron oxide 
nanosorbent from each type was taken and left in an 
oven set at 50°C for 24h, then analyzed by FTIR device 
(Shimadzu FTIR 8000 series spectrophotometer). 
FTIR technique was performed on both samples 
(commercial and synthesized Fe3O4 in laboratory.) in 
wave range of 4000–400cm-1 with a resolution of      
4cm-1.  

 XRD (X-ray diffraction) examination 

Both commercial and synthesized nanoparticles were 
examined under XRD technique using (Xpert pro 
MPD- analytical, Holland) to reveal peaks associated 
to various compounds present in both nanosorbents.  

 

4.  Results and Discussion 

4.1 The influence of pH value 

Figure 2 demonstrates that the nanosorption efficiency 
of both sorbents was improved significantly with the 
increase in pH value due to deprotonation of 
nanosorbent surfaces making them behave as 
negatively charged which started attracting the 
positively charged metal ions. However, as pH value 
of solution is dropped, the charges of the surface will 
become totally positive, which will constrain approach 
of positively charged metal cations [30]. Both 
nanosorbents achieved maximum removal at pH 6.0 
and then fell down. This because beyond the value of 
pH 6.0, precipitation will occur to heavy metals due to 
insoluble metal hydroxides, start precipitating in the 
solutions and make the true sorption studies 
impossible. This should be avoided during sorption 
experiments otherwise distinguish between sorption 
and precipitation of metals becomes hard [17] 
Therefore, pH 6.0 was used in all subsequent 
experiments. Figure 2 also revealed that lead ions has 
the highest tendency to be adsorbed on both adsorbents 
while nickel has the least affinity to do so. These results 
are in compliance with what some investigators 
obtained [3,26]. Even though imported commercial 
Fe3O4 type is slightly more operative to remove lead 
and nickel, it is more reasonable and feasible to 
concern synthesized nanosorbent due to its cheapness 
and simplicity of preparation in laboratory. This can 
reduce importation of large amount of nanosorbents 
from abroad. 
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(a) (b) 

Figure 2: Effect of different pH on lead, nickel and cadmium uptake by Fe3O4  

nanoparticles a) Commercial b) Synthesized. 

 

4.2 The effect of equilibrium contact time 

It was observed from Figures 3 that the uptake of the 
three metal pollutants by both types of nanosorbents 
increased with having more contact time. No 
significant increase in the sorption was found after 20 
min, and the adsorption was rapid. Metal concentration 
decreased rapidly during the first 20minutes and 
remain nearly constant after an hour of adsorption, 
suggesting that the adsorption is fast and reaches 

saturation within an hour. The reason is attributed to 
the fact that both iron oxide nanosorbents are a 
nonporous solid adsorbent, as verified by surface area 
and porosity measurement, where only adsorption 
occurs externally. This type of mass transfer adsorption 
needs less time to achieve equilibrium. This result is 
promising as equilibrium time, plays a major role in 
wastewater treatment plant in which economically 
viable [3]. These results agreed with what attained by 
Ebrahim et al. [10]. 

 

 

(a) (b) 

Figure 3: Equilibrium contact time for metal ions using Fe3O4 nanoparticles 

a) Commercial b) Synthesized. 

 

4.3 The influence of concentration strength 

Figure 4 illustrates that the ability of nanosorbents to 
remove metal ions was not changed drastically if 

intensity of concentration enhances from 15 to 40 mg/l. 
The reason is that one gram of nanosorbent has enough 
occupant sites for this extent of concentration. 
However, when concentrations trend up to 80 mg/l, no 
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adequate vacant places will be available to stick and 
collect these intensive concentrations [39]. Therefore, 
the fraction of nanosorption efficiency to remove metal 
ions was decreased but the uptake of metals on the 

nanosorbents increased due to high driving force 
between nanosorbent and solute ions [7]. These results 
corresponded with the outcomes gained by 
Vijayaraghavan and Yun [37]. 

 

  

(a) (b) 

Figure 4: Removal efficiency percentage of Fe3O4 nanoparticles at various concentration, 20oC,  

pH=6 and contact time=60min. for a) Commercial b) Synthesized. 

 

4.4 Single component module 

Figure 5 shows single metal uptake system by both 
nanosorbents in solutions with concentration of 40 
mg/l, pH value of 6 and dosage of 1.4 g/100 ml at 20oC. 
The maximum adsorption uptake of lead, nickel and 
cadmium respectively onto commercial adsorbent was 
35.3, 5.18, 18.16 mg/g while the uptake onto 
synthesized adsorbent was 31.5, 4.36 and 20.56 mg/g. 
The maximum metal removal efficiency achieved with 
commercial nanosorbent was 100 %, 66.68 %, 96.38 % 
for lead, nickel and cadmium respectively. However, 
in state of using synthesized nanosorbent, the 
performance decreased slightly to 99.7 %, 65.5 % and 
96.85 % respectively. The resulted data for single 
element system were interrelated with the isothermal 
models (Langmuir and Freundlich) as shown in Table 
3 using non-linear model equations corresponded well 
to experimental data. Both equations 6 and 7 represent 
Langmuir and Freundlich models respectively:  

 

q� =
�� � ��

(��� ��)
            (6) 

q� = KC�
�/�

              (7) 

 

Where qe denots the equilibrium metal uptake in 
(mg/g), qm is the maximum ion uptake acheived on the 
nanosorbent in (mg/g), b is related to the extent affinity 

between the ions and nanosorbents in (l/mg). K 
corresponds to the maximum binding capacity; n, 
characterizes the affinity between the ions and 
nanosorbents; and Ce, is the equilibrium concentration 
in (mg/l).   

    

   Freundlich isotherm models was best fitted to the 
experimental data for Pb (II), Ni (II) and Cd (II) ions 
adsorption onto both types of iron oxide nanoparticles. 
It could also be illustrated from Figure 5 that advanced 
adsorption removal for lead was achieved at low dose 
of Fe3O4 nanoparticles and its more rapid affinity 
towards the nanoparticles opposed to other metal ions 
revealing presence of various electrical attraction 
between cation lead metal and negative adsorption 
functional sites. Additionally, Lead ion possesses the 
smallest hydration radius while nickel ion takes the 
greatest, causing nickel less favoring by both 
nanosorbent types. This corresponds with the 
conception that ions which has small hydration radius 
is desirably selected and gathered at interface [2,24]. 
Furthermore, lead nitrate salt is less soluble in water in 
comparison with salts of nickel and cadmium. 
Therefore, lead ions had the highest adsorption rate. 
Moreover, elevated adsorption rate on the surface of 
Fe3O4 sorbent can be achieved depending on the 
highest molecular weight of the adsorbate, hence the 
sequence of the molecular weights for the used 
pollutant salts are: Pb (NO3)2 > Cd (NO3)2 > Ni 
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(NO3)3.6H2O. The results in single system predicted 
that ability of commercial type to attract lead and 
nickel metals was competently higher than synthesized 
type to some extent. However, for cadmium ions, 
synthesized one was preferable opposed to commercial 
kind. As overall, concerning economy and cost of 
nanosorbent (imported from abroad) to obtain high 

percentage of contaminant removal from aqueous 
solution is similar to what has been resulted in this 
research. Therefore, synthesized Fe3O4 nanoparticles 
was dependable to be used in binary and tertiary 
systems due to its cheapness and availability of raw 
materials needed for its preparation in laboratory. 

 

 

(a) (b) 

Figure 5: Biosorption isotherms for lead, nickel, and cadmium ions onto  

a) Commercial b) Synthesized Fe3O4 nanoparticles in single solute system . 

 
Table 3: Parameters of single solute isotherm for Pb (II), Ni (II) and Cd (II) ions for  

commercial and synthesized Fe3O4 nanosorbent 

Model Parameter 
Commercial Fe3O4 Synthesized Fe3O4 

Pb (II) Ni (II) Cd (II) Pb (II) Ni (II) Cd (II) 

Langmuir 

 q� =
�������

(�����)
 

qm(mg/g) 35.58 33.4 32.347 37.893 11.776 49 

b(l/mg) 0.27 0.0036 0.0372 0.12 0.0127 0.022 

R2 0.8856 0.8496 0.9668 0.9204 0.9483 0.9601 

Freundlich 

q� = KC�
�/�

 

K, 10.52 0.17 1.974 6.568 0.2178 1.8 

n 2.81 1.151 1.562 2.142 1.26 1.422 

R2 0.9633 0.8542 0.9911 0.9696 0.9504 0.9838 

 

4.5 The effect of ions competition 

Figure 6 shows that the metal sorption uptake onto 
synthesized nanosorbent in binary and ternary systems 
was constrained by the presence of other metal ions. 
Results indicated that lead ions had more affinity 
compared to other metal ions. In binary system, uptake 
ability of the prepared form nanosorbent for lead ions 
downgraded by 7.7% and 30.8% with nickel and 
cadmium ions respectively, whereas this capability in 
ternary system dropped by 27.41%. Thus, during 

nanosorption, nickel creates less restriction to lead 
compared to cadmium ions. The most vital aspects that 
impact the relative selectivity of metal ions in solution 
are ionic radius and hydration energy [2]. From 
comparison of the three elements studied, the ionic 
radius order is Pb (II)> Cd (II)> Ni (II) and the 
hydration energy rates drop as the ionic radius grows 
up. Therefore, the selectivity sequence of favorable 
adsorption observed to be: Pb (II)> Cd (II)> Ni (II). 
This means that presence of nickel and cadmium in the 
aqueous solution had little impact on the nanosorption 
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of lead. Therefore, during the competition of ions to 
occupy the vacant sites, the adsorption capability of 
Cd(II) and Ni(II) are reduced [24]. Furthermore, lead 
nitrate salt is less soluble in water in comparison with 
nickel and cadmium salts. Therefore, elevated 
adsorption rate on the surface of Fe3O4 nanoparticles 
can be achievable depending on higher molecular 

weight of the adsorbate [39]. Hence, the sequence of 
the molecular weights for the used pollutant salts are: 
Pb (NO3)2 > Cd (NO3)2 > Ni (NO3)3.6H2O. The gained 
data for binary and ternary element systems were well 
associated with interaction factor model giving the 
highest determinant coefficient. Table 4 displays the 
parameters of each models. 

 

 

   

Figure 6: Isothermal adsorption for the three metal ions onto synthesized Fe3O4  

nanoparticles in binary and ternary systems, Co [pb, Ni, Cd] =40mg/l, pH=6. 

 

Table 4: Parameters of binary and ternary isotherm systems for lead, nickel  

and cadmium ions onto synthesized Fe3O4 nanoparticle. 

Binary System 

Model Parameters 
Pb and Ni Pb and Cd Ni and Cd 

Pb Ni Pb Cd Ni Cd 

Extended 
Langmuir 

qm(mg/g) 35.82 8.578 23.06 74.158 3.41 65.04 

b(l/mg) 0.135 0.015 0.36 0.0064 0.057 0.006 

R2 0.9803 09945 0.9537 0.9887 0.9914 0.9822 

Interaction 
Factor 

qm(mg/g) 40.22 4.437 28.07 41.13 2.33 187.37 

η 49.48 0.225 78.21 4.84 0.225 3.43 

R2 0.9923 0.9895 0.9794 0.9904 0.9886 0.9886 
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Ternary System 

Model Parameters Pb Ni Cd 

Extended 
Langmuir 

qm(mg/g) 25.55 4.46 44.52 

b(l/mg) 0.185 0.015 0.005 

R2 0.9562 0.9925 0.993 

Interaction 
Factor 

qm(mg/g) 37.59 1.026 32.01 

η 74.19 0.15 1.04 

R2 0.9854 0.9853 0.9592 

4.6 TEM image analysis  

The micrographs in Figures 7 and 8 shows that up to 
0.2 µm particle size was designated for both of iron 
oxide nanosorbents and irregular shape was notified 

from the photo scan images. The Figures also detected 
the nature of particles before and after adsorption of 
lead ions. The sticky nature of particles is notified due 
to agglomeration of metal pollutant on the 
nanoparticles. Both nanosorbents had a rough surface 
providing a large vacant area for metal ion interaction. 

 

           

(a) (b) 

Figure 7: Transmission electron micrographs of commercial Fe3O4 nonabsorbent.  

 

        

(a) (b) 

Figure 8: Scanning electron micrographs of synthesized Fe3O4 nanosorbent. 

. 
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4.7  Fourier-Transform Infrared analysis  

Figure 9 demonstrated that several significant absorption 
peaks were participated in nanosorption of metal ions. The 
broad absorption peak in the region of 3421cm-1 band for 
commercial type is higher than peak 3394 cm-1 band for 
synthesized nanosorbent with only slight difference. The 
bands are correlated to −OH group. The typical peak 
around (578 and 442) cm−1 observed in spectra samples 
that are due to the stretching vibration mode related to 
metal–oxygen absorption band [16]. These brands 
associate with Fe−O bond, which also indicating that the 

nanosorbent in spectrum a is efficient than b. Moreover, 
peak perceived at (641 and 631) cm−1 for both sample 
types respectively belonged to aromatic group with few 
differences in their peaks. Finally, peaks notified at (1639 
and 1638)cm−1 allocated to carboxyl groups, C=O bending 
vibration [20]. In this peak range, commercial sample 
nanosorbent is slightly more functional than synthesized 
sample in metal ion adsorption. FTIR graph in Figure 9 
indicates that hydroxyl, carboxyl amine and Fe−O groups 
are the main functional groups having responsibilities 
towards metal attraction to surface of both nanosorbents. 

 

  

   (a)       (b) 
Figure 9: FTIR spectra of raw Fe3O4 nanosorbent a) Commercial b) Synthesized. 

 

4.8  XRD (X-ray diffraction) analysis 

Figure 10 demonstrated that the diffraction prototype and 
two theta intensities for all peaks of commercial type are 
distinctively not corresponded to peaks observed in the 
synthesized. It also detected that the diffraction peaks in 
both of nanosorbents are low and broad due to small size 
effect and incomplete inner structure of the particle. The 
peak positions appearing at 2 thetas in commercial sample 
are 30.15o, 35.65o, 43.15o, 53.55, 57.15o, 62.85o, 74.65o 
attributing to diffractions from the planes of (220), (311), 
(400), (422), (511), (440) and (420) of magnetite Fe3O4 
while for the synthesized sample, the peak positions are 
26.75o, 30.15o, 35.15o, 39.25o, 46.55o, 56.15o, 62.95o, 
67.85o belonging to diffractions from the planes of (130), 

(220), (311), (360), (400), (511), (440) of magnetite Fe3O4. 
The maximum intensity in the commercial type is (205) 
which is greater than what has been notified for 
synthesized one (197). This information confirmed that 
commercial form has more magnetite capability for 
adsorption opposed to the synthesized nanosorbent. 
Moreover, the graph revealed that the resulting magnetite 
Fe3O4 nanoparticles in both samples were mainly observed 

between (30-75) two theta (0) x-ray deflection with big 
difference in the peaks located close to (30) two theta (0) 
due to difference composition of Fe3O4 compound in the 
samples. Furthermore, analysis diffraction graphs 
discovered mainly some traits of massive magnetite 
compound phase, with intensive and high peaks signifying 
to magnetic nanoparticles [20]. 
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 (a) (b) 

Figure 10: XRD analysis for Fe3O4 nanoparticles a) Commercial b) Synthesized. 

5. Conclusions  

The adsorption of metal ions onto Fe3O4 nanoparticles is 
influenced by attractive forces between adsorbate cations 
of metal ions and negatively charged nanosorbent vacant 
sites. Several physiochemical properties of adsorbates in 
aqueous solution such as pH, solubility, surface charge, 
molecular weight, and size of adsorbate molecule, 
cooperate to play a fundamental role in the process 
mechanism. The transition of lead metal ions from the bulk 
liquid in the aqueous solution to the surface of both 
nanosorbents, faces low resistance compared to nickel and 
cadmium. Even though the viability and efficiency of the 
commercial type is distinctively greater than the 
synthesized type, the formulated Fe3O4 nanosorbent in the 
laboratory was preferred and chosen to demonstrate how 
the metal ion competition takes place in both binary and 
ternary systems. This is attributed to the fact that huge 
nanosorbent importation costs can be reduced and the 
synthesized Fe3O4 can replace the commercial category to 
remove contaminant ions from wastewater with significant 
and satisfactory efficiency.  
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 2020آذار   31نشر في: 

كانت   الدراسة،في ھذه . یة مھمة في جمیع أنحاء العالمئ اصبحت المیاه العادمة الملوثة بالمعادن الثقیلة الضارة حالیاً قضیة بی  –الخلاصة 
تم  . على إزالة أیونات الرصاص والنیكل والكادمیوم في نظام عنصر واحد استخدمتمحلیاً  صنعةالتجاریة والم 4O3Feالجسیمات النانویة 

  درجة  بوتث  عند ت علاقة التوازنكان  .المعادن ناتكیز أیواوتر زمن التجربةو الھیدروجیني،اختبار الظروف التجریبیة بما في ذلك الرقم 
،   35.3التجاري كانت  4O3Feعلى  زة الحرارة لنظام مكون واحد مواتیة والحد الأقصى من أیونات الرصاص والنیكل والكادمیوم الممت 

لمدة   6في أفضل درجة الحموضة  لمحليا علىغرام  /ملغم   20.56و   4.36و  31.5م على التوالي في حین أن غرا/   مملغ 18.16و   5.18
تظُھر التجارب أن  . Freundlich  لمودیلجید  طابقا بشكلت انھما ی  النوعین اشارت لاكل بیانات الأیزوثرمال. التوازن وقت الاتصالساعة من 

  nanosorbentتم اتخاذ شكل  لذلك،. التجاري 4O3Feتقترب من فعالیة  اقتصادیاً،أداء مادة النانو المُصنَّعة والتي تعُد مناسبة للاستخدام 
أشارت النتائج إلى أن أیونات . الملوثات المعدنیة بینلإظھار المنافسة  لاثیةواستخدامھ في الأنظمة الثنائیة والث  اة عملی زالمحضر كمادة ما

نقل الأشعة   حوصاتوأجریت أیضا ف. على الجسیمات النانویة في حین أن النیكل لھ جاذبیة بطیئة زازھاالرصاص لھا تقارب سریع لیتم امت
المواد    من النوعینكلالومسح الإلكترون المجھر لتحدید وإظھار خصائص  الضوئیة حیود الأشعة السینیة ، الأشعة السینیة الحمراء،تحت 

  .النانویة

  .یاه الملوثة، الامتزاز ، الم المادة النانویة المعادن ، أیون  –الكلمات الرئیسیة 
 

  


