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Adsorption of lead ions Pb (II), Chromium ions Cr (III) and Cadmium 
ions Cd (II) using the polyurethane grafted on the iron oxide nanoparticles 
(PU-MNPs) has been investigated in the current study. The adsorbent 
was characterized using a variability of techniques counting Atomic 
Absorption Spectroscopy (AAS), Thermogravimetric Analysis and 
Differential Scanning Calorimetry (TGA and DSC). Different parameters 
were investigated to obtain the best results such as pH, contact time, 
the concentration of initial metals and temperature. In regard to the pH 
parameter, the highest adsorption rates were obtained at pH of 6, 7, and 5 
for Pb (II), Cr (III) and Cd (II) respectively. In terms of the contact time, 
the minimum contact time was 60 min, 30 min and 45 min for Pb (II), Cr 
(III) and Cd (II) respectively. The initial concentration was 250 mg/g of 
each studied ion (Pb (II), Cr (III) and Cd (II)). The 300 agitation rpm speed 
at temperature 25±2 °C. were 70%, 76% and 73% for Lead, Chromium 
and Cadmium ions respectively.  The results showed that the adsorption 
for the three investigated ions Pb (II), Cr (III) and Cd (II) followed the 
Lankemere and Freundlich equations., and the maximum adsorption of 
Cd(II)>Cr(III)>Pb(II).

INTRODUCTION 
Azo dyes are organic compounds consisting of 

two organic groups linked together via coupling 
reactions to give colored compounds [1]. Azo 
dyes may contain one or more assortments of 
azo dyes, making up more than half of the dyes 
in use today. They vary in complexity according 
to the number of auxochrome groups, found 
there most commercial dyes belong to most 
commercial dyes to azo dyes due to their flexibility 
in compounds due to their various applications 
[2]. Isocyanate is used mainly in the preparation of 
polyurethane and can be classified into two groups 
of aromatic substances; Toluene diisocyanate 

(TDI) and methylene diphenyl diisocyanate (MDI).  
Polyurethane is produced by the condensation 
polymerization reaction between poly Isocyanates 
and polyols [3]. The reaction between OH alcohol 
and isocyanate with NCO produces urethane, 
because water pollution poses fewer direct threats 
to human health, and many lakes and rivers are 
polluted. Various methods are used to combat 
water pollution, such as sedimentation, chemical 
oxidation, coagulation, aeration, flotation, reverse 
osmosis, Nanofiltration, chemical precipitation, ion 
exchange, membrane separation and classification 
Optical [4,5]. However, adsorption processes are 
currently one of the most important and effective 
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methods for the purification and removal of types 
of various pollutants in the water.  

Numerous processes are applied to remove 
minerals from water and wastewater. Some of 
the traditional techniques that have been used to 
treat industrial wastewater include ion exchange, 
filtration, chemical precipitation, flotation, and 
adsorption. Adsorption is the accumulation 
of different substances in the form of surface 
molecules, atoms or ions. There are many examples 
of adsorption, including acetic acid adsorption on 
animal charcoal, where acidic particles collect on 
the surface of coal particles, hydrogen adsorption 
on some metals such as nickel and iron, and 
gas accumulation. Hydrogen is present in the 
form of molecules and atoms on the surface of 
these two metals [6].   In the current study, the 
factors affecting the adsorption capacity will be 
investigated, in addition to studying the Lankmayr 
and Freundlich equations for the adsorption of 
heavy metal bonnets on modified polyurethane-
magnetic nanoparticles (PU-MNPs).  

MATERIALS AND METHODS
Materials

All chemical reagents used in the work were 
analytical high-purity and were used without 
further purification, including 2-Naphthol (%95, 
OEM), Sodium hydroxide (%98, THOMAS BAKER), 
Hydrogen chloride (%37, ROMIL-SA), Chloroform 
(%99, GCC), Sodium nitrite (99%, B.D.H), Ethanol 
absolute (%99.9, ROMIL-SA), Methylene diphenyl 
diamine(%99, HEXION Responsible chemistry), 
Diphenyl methane diisocyanate (%99.5, Industry 
Engineering Co. Ltd), Preparation Ions solution by 
using deionized water, Lead Nitrate (%99, Hunan 
Sincere Chemicals Co,.Ltd), Chromium Nitrate 
(%99, CDH), Cadmium Nitrate (%99, Jinan Future 
Chemical Co,.Ltd), Fe3O4 nanoparticles, Methanol 
(Absolute) (%99.9, Xilong Scientific), N, N-Dimethyl 
Formamide (%99, CDH).

Preparation of Azo dye and PU-MNPs
0.01 mol of methylene diphenyl diamine 

was dissolved in (10.00 ml) of concentrated 
hydrochloric acid, and then (10.00 ml) of distilled 
water was added with stirring at a temperature 
of (5-0 ˚C). A solution was prepared by dissolving 
(1.104 g) of sodium nitrite (2 mol) in (8 ml) of 
distilled water with stirring at a temperature of 
(5-0 ˚C). The solution prepared was added to the 
solution prepared above. Slowly drop and drop to 

form diazonium salt while maintaining the solution 
temperature Another solution was prepared by 
dissolving 0.01 mol of beta-naphthol in 16ml of 
10% sodium hydroxide solution with stirring at a 
temperature of (5-0 ˚C). Then add the diazonium 
salt prepared above slowly with continuous 
stirring to the solution prepared to form a solution 
in the form of foam of two colors red with dark 
and leave the solution in ice for 15 minutes at a 
temperature of 5 ˚C. Then the solution is filtered, 
and a precipitate of a maroon color is formed, 
then it is left for the next day to dry in the air to 
complete the coupling process, then the medium 
is acidified and then recrystallized using hot 
ethanol to obtain it with high purity. 

The azo polymerization with methylene di azo 
cyanate was prepared by weighing (0.25 g) of 
Azo1 and dissolving in (15ml) of chloroform. (1 g) 
of MDI was added to the solution and mixed well, 
then reflex and drip for half an hour. Afterward 
the prepared solution was put in a beaker for 24 
hours. The solution is placed in an oven at 50°C 
for 3 hours, and then the temperature is raised to 
100°C for 2 hours to complete the solidification 
process. The polyurethane was grafted on iron 
oxide (Fe3O4) nanoparticles prepared by the co-
precipitation method [7, 8] to obtain the PU-MNPs 
as previously described [9].

Batch adsorption studies
To find the adsorption isotherm by preparing 

different concentrations of the Adsorbate within 
the range (of 100-300 mg/L) of Lead ion and 
Chromium ion and Cadmium ion  (50 ml) was 
added in a series of solutions of heavy metals 
to (0.025g) from the prepared (PU-MNPs) 
adsorbents, and these solutions were placed in a 
shaker at a speed of (300) cycles/ minute for 24 
hours and upon reaching the equilibrium time and 
after then separation and clear solutions were 
measured by atomic absorption spectroscopy 
and from knowing the values   of absorption at 
the concentration at equilibrium, then finding 
the amount of the adsorbed substance from the 
below equation:

Qe =(Vsol (C0-Ce))/m

Where: For Primary Concentration: C0، (L) Total 
volume of the adsorbent solution: Vsol, (mg/g) 
Adsorbent for Final Concentration: Ce، (mg/L) 
Adsorbent, (mg/g) Adsorbent Quantity: Qe ، (g) 
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Adsorbent Weight: m.  

RESULTS AND DISCUSSION
IR Spectrum of Azo compound, polyurethane, 

Iron oxide nanoparticles and Iron oxide 
nanoparticles –Polyurethane Characterization 
is shown in Fig. 1 and as described before in 
our previous work [9]. The effective aggregates 
of azo compounds, polymer and iron oxide 
nanocomposite are shown in Table 1 [10-12]. 
The Field Emission Scanning Electron Microscopy 
(FESEM) image of the Fe3O4 NPs is shown in Fig. 
2 reflecting the size of synthesized nanoparticles 
[13].

Measurement of polymer decomposition by 
Thermogravimetric Analysis and Differential 
Scanning Calorimetry (TGA and DSC)

In the case of DSC, many variables that can 
be observed on polymers can be known through 
measurement. For example, it is possible to 
know the melting point Tm, the degree of glass 
transition TG, in addition to the possibility of 

measuring the crystallization temperature and 
calculating the percentage of crystallization as 
well as calculating or knowing the solidification 
energy of hardened polymers thermally [14]. 
While in the case of TGA, the temperature can be 
known as the disintegration of polymers, as well 
as the remainder of them after the decomposition 
process, in addition to calculating the rate of 
disintegration as this information gives us a clear 
perception of the nature of those materials to 
know the possibility of using them in the right 
place.

Through the DSC curves shown in Fig. 3 that 
the behavior of PU is almost similar and both 
polymers did not suffer any significant change 
up to 500°C, but then two heat-emitting bands 
appeared at a temperature of 576,670 for PU and 
this is attributed to the dissolution of the polymers 
at these temperatures and their transformation 
into volatile gases while retaining some of the 
remaining ones according to their nature and this 
can be calculated through the [15] TGA technique. 
As for the TGA curves, through the curves shown 

 

  

  

Fig. 1. Azo compound, polyurethane, Iron oxide nanoparticles and Iron oxide nanoparticles –Polyurethane
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in Fig. 2 we note that the PU polymer has one 
degree of dissociation above 200 ° C, as it was 
observed that the polymer PU disintegrates at a 
temperature of 252,511 degrees Celsius, on the 
other hand, it was observed that the remaining 
polymer at a temperature of 800 degrees Celsius 
is and 1% of the polymer PU, respectively, and this 
gives a clear perception that PU is heat-resistant. 
The differential Scanning Measurement (DSC) of   
polyurethane Compound is displayed in Fig. 4. 

Adsorption of heavy metals ions
The adsorption of heavy metal ions, including 

cobalt and nickel ions, was studied on the 
modified PU-MNPs surfaces in this study, including 
nanomonium oxide coated with polyurethane 
at the beast ratio (2:1). Magnetic iron oxide 

nanoparticles MNPs in the Nano-polyurethane 
mixture have the characteristic of a large surface-
to-volume ratio, and therefore have high surface 
energies. As a result, they tend to agglomerate to 
reduce their surface energies [16] Moreover, MNPs 
alone have high chemical activity and are easy 
to oxidize in the presence of oxygen (especially 
magnetite) leading to a loss of magnetism or 
dispersion, but if is bound to the polymer it leads 
to activity chemically balanced on the surface 
of the neutral polymer, resulting in increased 
magnetism and dispersion on the polymer surface. 
It is necessary to develop an active protection 
strategy to maintain the stability of these NPs 
through appropriate surfactant interaction as in 
the surface of the polymer used in this study [17, 
18]. 

 
 

Wavenumber (cm-1) Assignment groups 

3452 O-H 
 

3375 
N-H 
 
 

3028 
C-H aromatic 

 

2916 
C-H (-CH2) Asymmetry 

 

2843 ) Symmetry 2CH-(H -C 
2276 (N=C=O) Isocyanate 

1708 C=O stretching 

1620 C=C aromatic stretching 

1573 Fe=O 

1537 
 

(N=N) stretching azo 
 

1300 C-H bending alkanes 

1200 C- N stretching 
 

1172 C- O -O 

812 C=C bending out of plan 

,574 455 Fe-O stretching out of plane 

 

 

 

 

 

 

 

 

 

 

Table 1. Effective aggregates of azo compounds, polymer and iron oxide nanocomposite [12-14].



177J Nanostruct 13(1): 173-183, Winter 2023

N. Sabah khadim et al. / Adsorption of Heavy Metal Ions via Grafted Polyurethane/Fe3O4

The surface charge of the MNPs can affect 
the agglomeration of nanomaterials and the 
absorption of ions on the Nano surface [19, 20]. 
To agglomerate over time in groups to form the 
basic structure, and produce electrostatic forces of 
attraction to deposit polyurethane on its surface 
due to the opposite charge of the polyurethane 
solution, while the produced PU- MNPs mixture 
is characterized by high stability and homogeneity 
due to the repulsive force between the particles 
indicated by the huge negative surface charge of 

the particles By increasing the stability of (PU- 
MNPs) in plankton, the adsorption and removal 
of various pollutant particles on the surface of 
polyurethane will be improved [21, 22].

Effect of metal ions Concentration 
Different Pb (II), Cr (III) and Cd (II) ions solutions 

were prepared; the initial concentrations were 
as follows 100, 150, 200, 250, and 300 in order 
to study the initial concentration effect at room 
temperature and optimum conditions obtained 

 

 

  
Fig. 3. Measurement of Thermogravimetric (TG) Decomposition of Polyurethane Compound

 

 

 

  
Fig. 2. FESEM images of the Fe3O4 NPs [15]
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previously to apply the Langmuir and Freundlich 
adsorption isotherms. The initial concentration of 
the adsorbent material increases, a decrease in 
the removal ratio and an increase in the adsorption 
capacity may be attributed to the increase in 
the rate of diffusion and mass transfer on the 
surface, and then the time required to reach the 
equilibrium state will be longer. A certain amount 
of the adsorbent increases with the increase in the 
initial concentration of the adsorbent at a constant 

temperature [23].

Equilibrium time
To evaluate the time necessary for the 

adsorption process was conducted to calculate the 
adsorption time of the mixture (PU-MNPs) on the 
surface (Pb2+, Cr3+, Cd2+) and the results showed 
that the equilibrium time for the lead was (60 
min), for chromium was (30 min) and for cadmium 
(45 min), as shown in the Fig. 5.

 

 

 

  
Fig. 4. Differential Scanning Measurement (DSC) of   polyurethane Compound

 

 

  
Fig. 5. Equilibrium time curve of Lead ion Pb (II), Chromium ion Cr (III), and Cadmium 

ion Cd (II) element on the surface of the mixture (PU-MNPs)
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The removal percentage of Pb2+ increased 
with increasing the contact time, it tended to the 
equilibrium after 60 min, while Cr3+ tended to the 
equilibrium status after 30 min, while Cd2+ tended 
to the balance after 45 min. The rapid increase in 
the removal percentage at the beginning of the 
adsorption process was due to a large number of 
vacant adsorbent surfaces on the nanocomposite 
material (PU-MNPs). This is considered     as a fast 
diffusion of metal ions in the adsorption material 

[24].

Determination of pH
A study was conducted to study the effect of the 

acidity function of the adsorption process of heavy 
metal ions Pb2+, Cr3+ and Cd2+, on the fabricated PU-
MNPs nanoparticle surfaces, where the removal 
percentage increases with the increasing of the 
amount of the acid function. The current results 
showed that the maximum adsorption for the lead 

 

 

  
Fig. 6. (A) Effect of acidity function, (B) effect of temperature on Lead ion Pb (II), Chromium ion Cr (III), Cadmium ion Cd (II) adsorption 

on the surface of the mixture (PU-MNPs)

 

  
Fig. 7. (A) The percentage, (B) Lankemuir isotherm, (C) The Freundlich isotherm for adsorption of the Lead ion Pb (II) on the surface 

of the mixture (PU-MNPs) at a temperature of Cᵒ25, pH 6 and the initial concentration250 mg/L
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ions was at pH equal to 6, while for chromium ions 
was equal to 7 and for Cadmium ions was equal 
to 5. Since one end of the polymer has a negative 
charge, most of the ions are located in some 
reaction sites in the adsorbent material due to 
the presence of competing for positive ions in the 
solution being acidic and did not exceed the base 
PH values. This leads to a total reduction of the 
values   of the adsorption sites affinity on the metal 
ion nanocomposite materials. This is due to the 
increase in the obstacles to the diffusion of metal 
ions caused by the positive repulsive forces of the 
increasing cation at moderate pH values [25]. The 
adsorbent material is relatively negatively charged 
more than the ionic solution, and this contributes 
to an increase in affinity for metal ions at pH 
values   5 [26], a higher pH (pH > 7) was not used in 
the current study to avoid removal of metal ions 
by precipitation [27] as shown in Fig. 6 A. 

Effect of the Temperature
The degree of adsorption depends on the 

temperature of the liquid-solid interface. 
Adsorption studies were performed at different 
temperatures 300, 303, 310, 318, 325 and 333. The 
removal percentage of metal ions decreased with 
the increase in temperature. It was found that a 
lower temperature was better for the adsorption 
process. Thus, the process was concluded to be 

exothermic and automatic [28]. The decrease 
in the adsorption capacity of nanocomposite 
materials with increasing temperature was due 
to the weak bonds carrying metal ions on the 
adsorbent surfaces of the nanocomposite. The 
increase in the temperature also degraded the 
regular structure of the nanocomposite materials, 
which leads to the loss of adsorption sites, thus 
reducing the removal efficiency of Cd(II), Cr(III), 
and Pb (II) ions. The decrease in the adsorption 
efficiency with increasing temperature indicated 
weak bonding interactions between the adsorbent 
surfaces and the cations; this is an indication that 
the process can be exothermic and thus leads to 
the conclusion that the adsorption process was 
appropriate at lower temperatures [29] as shown 
in Fig. 6 B.  

Adsorption Isotherms
The percentage of adsorption of the Lead ion 

Pb (II) on the surface of the mixture (PU-MNPs) 
at a temperature of 25 ˚C, pH 6 and the initial 
concentration250 mg/Lis shown in Fig. 7A, while 
the Lankemuir isotherm and the Freundlich 
isotherm for the same ion is presented in Fig. 
7B and Fig. 7C respectively. The percentage of 
adsorption of the Chromium ion Cr (III) on the 
surface of the mixture (PU-MNPs) at a temperature 
of 25 ̊ C, pH 6 and the initial concentration250 mg/

 

  
Fig. 8. (A) The percentage, (B) Lankemuir isotherm, (C) The Freundlich isotherm for adsorption of the Chromium ion Cr (III) on the 

surface of the mixture (PU-MNPs) at a temperature of Cᵒ25, pH 6 and the initial concentration 250 mg/L
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Lis shown in Fig. 8A, while the Lankemuir isotherm 
and the Freundlich isotherm for the same ion are 
presented in Fig. 8B and Fig. 8C respectively. While 
the percentage of adsorption of the Cadmium 
ion Cd (II) on the surface of the mixture (PU-
MNPs) at a temperature of 25 ˚C, pH 6 and the 
initial concentration250 mg/Lis shown in Fig. 9A, 
while the Lankemuir isotherm and the Freundlich 
isotherm for the same ion are presented in Fig. 9B 
and Fig. 9C respectively.

Equilibrium uptake of Pb2+, Cr3+ and Cd2+ was 
investigated with sorption 0.025 g of Fe3O4-PU 

in contact with 50 ml of solution at different PH 
points names 6, 7, 5 for Pb2+, Cr3+ and Cd2+ and 
the contact time was of different time slots at 
60, 30, 45 min for Pb2+, Cr3+ and Cd2+ respectively 
at 25 ᵒC temperature. The graphic between Ce 
versus Ce/Qe for the compatibility is greater for 
the Lankemuir model of the Cadmium ions, which 
agrees in both models. (7C), (8C), (9C), the graphic 
between Ln Ce versus Ln qe for the compatibility 
is greater for the Freundlich model for the Lead 
and Chromium ions, which is in agreement in both 
models. The Freundlich equation is used to describe 

 

 

 
Fig. 9. (A) The percentage, (B) Lankemuir isotherm, (C) The Freundlich isotherm for adsorption of the Cadmium ion Cd (II) on the 

surface of the mixture (PU-MNPs) at a temperature of Cᵒ25, pH 6 and the initial concentration 250 mg/L

Freundlich equation Langmuir equation 
Metal ion 

2R 1/n FK 2R Q max LK 
0.9561 

 
0.0431 

 
2988134 

 
0.9291 

 
-29.0698 

 
-0.01029 

 
Pb (II) 

0.9769 
 

0.1983 
 

2.19331 
 

0.9476 
 

588.2353 
 

0.188889 
 

Cr (III) 

0.9452 
 

0.244 3.385322 
 

0.9603 
 

714.2857 
 

0.038251 
 

Cd (II) 

 

 

Table 2. Lankemuir and Freundlich constants for adsorption of Lead, Chromium, and Cadmium ions on the surface of the mixture 
(PU-MNPs).
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the adsorption characteristics of heterogeneous 
surfaces, as it considers the presence of effective 
sites and a heterogeneous adsorption surface and 
different energies and adsorption in several layers 

[30].
RL is indicative of the isotherm shape and 

predicts whether a sorption system is either 
favorable (0<R2<1), unfavorable (R2>1) or 
irreversible (R2=0). Figs. 7, 8, and 9 give the 
plots of the Langmuir and Freundlich isotherms 
of Pb2+, Cr3+ and Cd2+ ions adsorbed onto (PU-
MNPs) respectively, and Table 2 displays Qmax, 
KL, KF, and the correlation coefficient R2 results 
for the Langmuir and Freundlich isotherms for 
the adsorption of surface (PU-MNPs) by the 
Prepared adsorbents, The results showed that the 
adsorption follows the Lankemuir and Freundlich 
equations. It was noticed that the Pb (II) lead ions 
follow the Lankemuir and Freundlich isothermsو 
Great value R in the case of Freundlich isotherm 
which indicates that it is a physical adsorption, 

As well as the Chromium ion, Cr (III) also follows 
the two equations, also great value R in the case 
of Freundlich isotherm, which indicates that it is a 
physical adsorption. The cadmium ion Cd (II) also 
follows the two equations Great value R in the 
case of Langmuir isotherm, which indicates that it 
is physical adsorption. Maximum adsorption of Cd 
(II)> Cr (III)> Pb (II) [31].

CONCLUSION 
The adsorption of heavy metals (Pb2+, Cr3+ 

and Cd2+) using (PU-MNPs) surface has been 
determined. This study indicates that (PU-MNPs) 
have a good capacity for adsorption of the heavy 
metal ions. The percentage removal depended 
on pH, adsorbent concentration and adsorbent 
dosage. The maximum adsorption capacity was 
found at pH=6 for Pb2+, pH=7 for Cr3+ and at pH=5 
for Cd2+, the adsorbent dosage was 0.025 g, and 
the initial concentration was 250 mg/L for Pb+2, 
Cr3+ and Cd2+. The best contact time was within 60, 
30, and 45 min for Pb2+, Cr3+ and Cd2+ respectively. 
The adsorption process supplied Freundlich and 
Langmuir, isotherm models. This material can 
be successfully used as an environment-friendly 
product for the removal of heavy metals from the 
aqueous solutions.  
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