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Abstract  

At present, there is increased concern and concentration on heavy metals; because of 

their effects on human health are becoming one of the most severe environmental 

problems. To protect humans and the environment, such hazardous heavy metals do not 

dissolve easily and require removal from contaminated water. This research was aimed 

at preparing three types of novel polyurea containing bis-dithiocarbamte ligands and 

using them as chelators to extract cadmium and lead ion from contaminated water. 

Dithiocarbamates were chosen due to they have strong binding capabilities and can form 

insoluble stable colored metal ions complexes in water, which make them superior 

ligands for the removal of heavy metals from polluted water. Generally, these 

adsorbents exhibit high adsorption capacity, but limitations such as high operational 

costs, low recyclability and the introduction of a large volume of additional 

contaminants, have also been found. Therefore, we have been carried out develop more 

efficient, environmental friendly and inexpensive adsorbents followed by a mechanical 

separation process, provides one promising solution. The efficiency of metal removal 

between them is compared and shows that these resins have an excellent ability to give 

insoluble heavy metal polymers, their efficiency has been studied with different times at 

a different pH. Activity to the lead ion indicates that (pH=3: H, P > E; pH=5: H, E > P) 

while behavior to the cadmium ion at all PH values 4, 6 and 8 was: E, P > H 
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1. Introduction 

Recently, environmental contamination caused by toxic heavy metals has been of great 

concern and a major problem due to the emission and harmful effects of these heavy metals. 

These metals produced globally through anthropogenic activities and discharged directly or 

indirectly into the atmosphere, entering the sources of air, water and food [1-3]. Moreover, most 

harmful heavy metals tend to build up in living organisms or plants [4, 5]. Cadmium and lead 

known to have toxicological effects and have adverse effects on human health and living 

organisms [6-8]. Thus, metal contaminated industrial wastewater must be treated before it is 

discharged into the environment. For this purpose, various methods were employed to remove 

heavy metals from industrial wastewater such as chemical precipitation–filtration, 

electrochemical treatment, extraction by solvents, ion exchange resins and reverse osmosis 

separation membranes etc. [9-11]. The chemical precipitation method is one of the most common 

of these methods used to removal of heavy metals from industrial wastewaters. Dithiocarbamates 

have a high chelating potential against metal ions in different oxidation states, where the 

presence of N and S atoms in different hybridized states, give an excellent ability to extract 

heavy metals from aqueous solutions [12-14]. In this scientific paper, three types of 

dithiocarbamate ligands crosslinking with polyurea were prepared and used for removal of 

cadmium and lead at different pH and different times. These new resins expect show high 

efficiency to remove Cd
+2 

and Pb
+2 

ions. 

2. Experimental 

2.1 Chemicals  

  Ethylene , propylene and hexamethylene diamines, sodium hydroxide (NaOH), carbon 

disulfide (CS2), diisocyanate diphenyl methane (MDI), lead nitrate (Pb(NO3)2) nitric acid 

(HNO3), hydrochloric acid (HCl), ethanol (CH3CH2OH)  and cadmium chloride (CdCl2) were 

provided from RDH company and used without further purification. 

2.2 Physical measurements:  

The FTIR spectra were record in the range 400-4000 cm
-1

 on a FTIR-8400 Shimadzo using 

KBr discs. Atomic Absorptions were record on AA-7000- Atomic Absorption 
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Spectrometer/Shimadzo, in the Marine Science Laps/University of Basrah, Iraq. Melting points 

were measure by a Gallenkamp melting point apparatus and are uncorrected. pH were  measured 

in the Chemistry Department/ College of Science/University of Basrah and with a pH-meter AD 

–1030 Adwa-Romania. 

2.3 Preparation of ligands and polyurea 

2.3.1 Preparation of sodium bis dithiocarbamate salts:    

 Sodium (ethylene bis-dithiocarbamate ) hydrate (I) , Sodium (propylene bis-dithiocarbamate) 

hydrate (II) and sodium (hexamethylene bis-dithiocarbamate) hydrate (III) ligands were prepared 

by the reaction ethanolic solution  of the corresponding amine with carbon disulphide (mole 

ratio1:2) in aqueous solution of sodium hydroxide according to a general literature method (see 

eq. 1) [15].  

….1 

 

Equation 1:  preparing sodium bis dithiocarbamate salts 

Where: 

x = 2 Sodium ( ethylene bis-dithio carbamate) hydrate (I) 

x = 3 Sodium ( propylene bis-dithio- carbamate) hydrate (II) 

x = 4 Sodium( hexamethylene bis-dithio carbamate) hydrate (III) 

 

2.3.2 Preparation and characterization of polyurea containing bis-

dithiocarbamte ligand: 

Polyureas (E, P and H) as shown in equation 2 were prepared by mixing (0.1 g) of each 

sodium bis-dithiocarbamate salts (I, II and III) respectively with (0.3 g) of (MDI) then leaving at 

room temperature for 24 hours. After heating at 70  for 60 min. followed by another 60 min. at 

100  to complete curing.  
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Equation 2: Preparing polyurea based on bis-dithiocarbamate ligand 

 The Table 1 contains the most important FTIR bands shown in the prepared 

polyureas related to the new groups formed in polyurea and shows the some 

important physical properties of the prepared polyueas . It is noted from figures (1-

3) that a broad band appears at (3383 – 3340 cm
-1

) representing the stretch 

frequency of the N-H group in urea. The emergence of a strong band at 1774 cm
-1

 

due to the carbonyl group frequency in urea. Whereas the band at 2280 cm
-1

 is 

returned to the unreacted NCO groups [16]. 

 

Table 1: Some physical properties of polyurea along with some important bands in FTIR for 

polyurea 

Important bands in FTIR spectra for polyurea in  

cm
-1

 unit 
Color 

Weight 

(gm.) 

Polyurea 

symbol Unreacted       

NCO 
N-H C=O N-C C=N 

2280 3340 1774 1266 1597 
Dark 

yellow 
0.374  E 

2280 3379 1774 1202 1597 
Light 

yellow 
0.331 P 

2280 3383 1774 1258 1597 
Light 

yellow 
0.348  H 
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Figure 1: FTIR spectrum for polyurea E 

 

 

 

 

 

 

 

 

Figure 2: FTIR spectrum for polyurea P 
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 Figure 3: FTIR spectrum for polyurea H 

 

3. Analytical study  

      The standard solutions of the studied ions were prepared according to the known literature as 

follows [17]:  

a.  The standard solution of lead ions at a concentration of (1000 mg/l) was prepare by dissolving 

(1g) of Pb(NO3)2 in a little distilled water in a (1000 ml) volumetric flask and add (2 ml) of 

nitric acid, completing the volume to (1000 ml). Dilute it to a solution with a concentration of 

(30 mg/l) and other lower concentrations with a range that guarantees the linear behavior of the 

Bear-Lambert Law. 

b.The standard solution of cadmium ions at a concentration of (1000 mg/l) was prepare by 

dissolving (1g) of CdCl2 in a little distilled water in a (1000 ml) volumetric flask and adding (2 

ml) of hydrochloric acid, completing the volume  to (1000 ml). Then it was dilute to a solution 

with a concentration of 3 mg/l) and other lower concentrations with a range that guarantees the 

linear behavior of Bear- Lambert Law. Figure 4 shows standard calibration curves for the ions 

under study. 
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Figure 4: Standard calibration curves for the studied ions 

3.1. Analytical measurements: 

     The analytical efficiency of polyureas (E, P and H) towards ions of some heavy elements 

(Pb
+2

 and Cd
+2

) were studied using the batch method by treating (0.1 g) of the polyurea with (25 

mL) of the element's ion solution studied for (24 hours). At the highest acidic function in which 

the metal ions can be found at the concentration used in an elegant and non-turbid manner 

depending on the studied ion, after which the element's hydroxide precipitate begins to appear 

[18]. Moreover, by using an electric vibrator at a speed (200 r/min) and at 25 °C. Compared the 

solutions absorbance with the absorbance of the standard concentration of the studied ion and the 

neglect of solutions with equal or close readings with the absorption of the standard 

concentration since the metal ion was not bound to the polyurea and can be satisfied with this 

stage of the study and to say that the polyurea is not effective towards that element. In the event 

that the absorbance of the filtrate is less than the absorbance of the standard concentration, this 

indicates an association between the element and the polyurea, and therefore the optimum 

conditions for their binding can be deuced by studying the influence of time factors and the 

acidic function. Absorbance was measured by the technique of flame atomic absorption (FAA) 

because it is highly sensitive and requires a short time and is characterized by the accuracy of its 

measurements compared to other spectral techniques [19]. Lead and cadmium ions were chosen 

as the most toxic elements. 
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1. The effect of treatment time and acid function on the efficiency of polyureas 

E ,P and H to withdraw cadmium ions Cd
+2

: 

        The effect of the change in the treatment time and the acidic function factors on the 

efficiency of polyureas to withdraw  the cadmium ion was studied by treating (0.1 g) of them 

with 25 ml of cadmium ion solution at a concentration of (30 ppm) and at an acid function (4, 6, 

8) and promoted using electrical vibrator for different times  periods (0.5, 1, 3, 6 and 24) hours  

then were filtered, the absorbance of the filtrates was measured. Then reusing the same process 

with polyurea P and H and the polyureas’ efficiencies for binding was calculated and was as 

shown in figure 5. From the resulting measurements we find that the optimum conditions from 

the treatment time and the acidic function of these polyureas to withdraw cadmium ion can be 

summarized in Table 2. 

 

 

 

 

 

 

 

 

 

 

Figure 5: Efficiency of polyureas E,P and H to withdraw cadmium ion in acidic function pH=4,6 

&8 at different processing times 
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Table 2: Optimum conditions for E, P, H polyureas to withdraw cadmium ion
 

polyurea  E polyurea P polyurea H Optimum Conditions 

4 8 4 8 4 8 Acidic function (pH) 

3 1 3 1 6 3 Treatment time (hour) 

100 100 100 100 98.8 98.6 Removal efficiency % 

  

2.The effect of the processing time and acidic function on the efficiency of the 

polyurea E ,P and H withdrawal of lead ions Pb
+2

 

     The effect of the change in the treatment time and the acidic function factors on the 

efficiency of polyurea E to withdraw the lead ion was studied by treating (0.1 g) of them with 

(25 ml) of lead solution at a concentration of (30 ppm) and at the acidity (3 and 5) and shaken 

using electrical vibrator for different time periods (0.5, 1, 3, 6 and 24 hours) were filtered and the 

absorbance of the filtrates was measured. Then reusing the same process with polyurea P and H 

and the polyureas’ efficiencies for binding was calculated and was as shown in figure 6. From 

the resulting measurements, we find that the optimum conditions from the treatment time and the 

acidic function of these polyureas to withdraw lead ion can be summarized in table 3. 

 

 

 

 

 

 

 

Figure 6: Efficiency of polyureas E,P and H to withdraw  lead ion in acidic function pH= 3&5 at 

different processing times 
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Table 3: Optimum conditions for E, P, H polyureas to withdraw lead ion 

polyurea E polyurea P polyurea  H Optimum Conditions 

5 3 5 Acidic function (pH) 

1 3 1 Treatment time (hour) 

96.7 93.4 99.3 Removal efficiency % 

 

4. Result and discussion 

     From this study, we result that efficiency of polyureas E; P; H can be arranged to withdraw 

cadmium ion as follows: 

At  pH = 4     then:      E; P> H 

At  pH = 6     then:      E; P> H 

 At  pH = 8      then:     E; P> H 

     That is, the efficiency of polyureas E and P was higher in the three acidic functions while               

polyurea H was slightly less than them and the efficiency of the three did not less than 92% at 30 

min. and this gives an indication of the possibility of using any of the polyureas prepared to 

withdraw the cadmium from the contaminated water in a relatively short time And in acidic, 

basic and neutral environments. 

And the efficiency of polyureas E; P; H can be arranged to withdraw the lead ion as follows: 

At pH = 5      then:     H; E> P 

At  pH = 3      then:     H; P> E 

  

 

     It is noted that the efficiency of polyurea H was the highest in both acidic functions, while the 

efficiency of polyureas E and P was affected by the change of the acid function, as the 

performance of polyurea P decreased at pH=5 unlike polyurea E, that is, polyurea H can be used 

to withdraw the lead element with different acidic functions and at a treatment time it was 

estimated half an hour 
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5. Conclusions 

     This study showed high efficiency in removing (Cd
+2

) and (Pb
+2

) ions from aqueous solution 

at short time  and different pHs by using three resins of polyurea containing bis dithiocarbamate 

ligand due to their high bonding capacity for heavy metals and this suggests the use of these 

resin for trace concentration from natural sample. 
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 المستخلص

في انبيئت بسبب آثبرهب انصحيت ػهى  انسبيت يىو بؼذ يىو يخشايذ انقهق يٍ حشايذ حزاكيش انًؼبدٌ انثقيهت        

ححضيز ثلاثت اَىاع يٍ انبىني  حشًم انذراستانكبئُبث انحيت حيث حؼذ يٍ اكثز انًهىثبث انبيئيت خطىرة. 

انًؼبدٌ  صز يغ ايىَبثآنخي اسخخذيج كًخبنب نهخاانثُبئيت كبرببيبث انثبيىيىريب انجذيذة انًخضًُت روابظ 

َظزًا لايخلاكهب  انثبيىكبرببيبث انثُبئيتحى اخخيبر  .انكبدييىو وانزصبص انثُبئيت وهيالأكثز سًيت انثقيهت 

قببهت نهذوببٌ في وغيز  يسخقزة يؼقذاثوحكىيٍ ًؼذَيت انيىَبث يغ الا يجبييغ فؼبنت قبدرة ػهى الارحببط

ؼبنيت نلايخصبص انكفبءة انخي حًخبس ببنانبىني يىريب  حضزث في هذِ انذراست بىنيًزاث. يبِ انًهىثتانً

ً  غيز يكهفتانصذيقت نهبيئت وانو هذِ انبىنيًزاث ببسخخذاو  الايىَبثيقبرَت كفبءة إسانت  حيث حى اقخصبديب

 يٍ خلال دراست يىَبثسحب الا قذرة يًخبسة ػهى انُخبئج أظهزثيجبييغ انثبيىكبرببيبث انثُبئيت.  انًخضًُت

انذانت أيىٌ انكبدييىو في جًيغ قيى سحب  .يخخهفتسيُيت بؤوقبث و ت يخخهفتييضبح والكفبءحهب ػُذ د

نسحب ايىٌ كفبءة انبىنيًزاث بيًُب   .H P & E < ج انكفبءة نهبىنيًزاثكبَ( 8 ,6 ,4انحبيضيت )

 & Eكبَج انكفبءة  5ػُذ انذانت انحبيضيت و   P> E &Hكبَج كبنخبني  3ػُذ انذانت انحبيضيت انزصبص 

H > P. 
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