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Abstract 
The current study aims to improve the quality of 

wastewater collected from the raw, primary 

sedimentation tank and secondary sedimentation tank 

of Hamdan wastewater treatment plant, Basrah, Iraq. 

Heavy metals contamination is one of the most critical 

environmental issues. Therefore, appropriate steps 

need to reduce pollutants in wastewater to acceptable 

levels before being discharged to the environment. 

Several treatment methods have been developed 

recently to adsorb these pollutants. This study reviews 

the ability of polymer, a new resin (3,3'-(1,4-

phenylene) bis(1-(4-(4-hydroxybenzylidene) amino) 

phenyl) prop-2-en-1-one) to adsorb copper, cadmium 

and lead from wastewater.  

 

The new Schiff base was prepared on polyurethane 

foam diagnosed by FT-IR and 1H-NMR spectroscopic 

methods. The polymer has excellent sorption capacities 

due to the large specific surface area, chemical 

composition and the removal metals efficiency in 

varying proportions. For Cd2+, the efficiency removal 

was 100% in wastewater and the efficiency of removing 

Cu2+ was 100% in raw wastewater and primary 

sedimentation tank. The removal efficiency of Pb2+ was 

86%, 64% and 79% 79% in raw sewage, primary and 

secondary sedimentation tank respectively. 
 

Keywords: Pollutants, wastewater treatment plant, Schiff 

base, Polyurethane foam. 

 

Introduction 
Wastewater from numerous industries such as paints and 

pigments, glass production, mining operations, metal plating 

and battery manufacturing processes contains contaminants 

such as heavy metals. Heavy metals are present in industrial 

wastewater, these heavy metals in wastewater are not 

biodegradable and their existence in receiving lakes and 

streams causes bioaccumulation in living organisms4
. 

 

Heavy metals are a group of trace elements that include 

metals and metalloids and they have a relatively high density 

of over 5gm/cm3. The metal ions such as Pb, Cd, Cr, Ni, Zn, 

Cu and Fe contaminate the soil, atmosphere and water 

systems and are poisonous even in low concentrations1. 

There are two main sources of heavy metals in water—

natural and anthropogenic. Natural sources comprise 

volcanic activities, soil erosion, activities of living 

organisms and weathering of rocks and minerals. In contrast, 

anthropogenic sources include landfills, fuel combustion, 

street run-off, sewage, agricultural activities, mining and 

industrial pollutants such as textile dyes 2. Heavy metals are 

toxic and carcinogenic; they can accumulate in tissues and 

cause diseases and disorders. Contamination of aquatic 

systems is a severe environmental issue and therefore, the 

development of efficient and suitable technology to remove 

heavy metals from aqueous solutions is necessary.  

 

Several methods have been used to remove heavy metals from 

contaminated water. They include chemical precipitation10,18, 

ion exchange12,22, adsorption5, membrane filtration13,21 

reverse osmosis19,23 solvent extraction16 and electrochemical 

treatment9,16. Many of these methods suffer from high capital 

and operational costs. Adsorption seems to be one of the best-

suited methods due to its high efficiency, low cost and ease of 

operation. Various adsorbents such as carbon foam15, 

activated carbon17, zeolite20, clay minerals6,11, organic 

polymers,3 biochar 8 and many waste materials such as fly 

ash have been used. 

 

Polyurethane foams are plastic materials in which a 

proportion of the solid phase is replaced by gas in the form 

of numerous tiny bubbles (cell)7. From the geometrical point 

of view, if the gas bubbles occupy a volume smaller than 

76%, they may be spherical. If they occupy a volume more 

significant than 76%, they will be distorted into 

quasispheroidal polyhedral14. Polyurethane foams have been 

prepared in soft, flexible and rigid forms using a variety of 

polyesters and polyether. The two most important reactions 

in the preparation of urethane foams are those between 

isocyanate and hydroxyl compounds polyester or polyether 

polyols) and those between isocyanate and water. 

 

Material and Methods 
Materials: All the reagents, starting materials and solvents 

were purchased commercially and used without any further 

purification. 

 

Preparation Methods 

Preparation of Schiff base (3,3'-(1,4-phenylene) bis(1-(4-

((4-hydroxybenzylidene) amino) phenyl) prop-2-en-1-

one): This compound was prepared through dissolved 0.1 

mole of chalcone in 35 ml of ethanol and add 0.2 moles of 

4-hydroxybenzyledeyde (dissolved in 15 ml of ethanol) with 

a little of p-toluene sulphonic acid. The mixture was heated 

for 3 hours with stirring by using reflux. After complete 

reaction, residue was obtained after cooling and 

recrystallization from ethanol gave a black powder. 
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Preparation of polyurethane foam: The first synthesis of 

polyurethane terminated isocyanate is by mixing polyester 

polyol with an excess of MDI in the presence of 

triethylamine as a catalyst at room temperature for one hour. 

The Schiff base compound 3,3'-(1,4-phenylene) bis(1-(4-

((4-hydroxybenzylidene) amino) phenyl) prop-2-en-1-one) 

was added and mixed with 3drops of trimethylamine. After 

this, keep in room temperature for 24 hours and then put it 

in the oven at 700C to complete hardening process as shown 

in scheme 1. 

 

Adsorption study: Adsorption experiment was done by 

measuring 200 mL of the wastewater sample 0.2 g of the 

previously prepared chelating polymer was added to the 

wastewater in the conical flask. The conical flask containing 

the adsorbent and the wastewater was placed on a rotary 

shaker and shaken at 130 rpm at a room temperature of (25 
0C) for 30 min. The suspension was separated by a 

centrifuge. A flame atomic absorption spectrophotometer 

(FAAS) was used to analyze the concentrations of the 

different metal ions present in the filtrate. 

 
Scheme 1: Loading the Schiff base on the polyurethane foam 



Research Journal of Chemistry and Environment_________________________________Vol. 26 (12) December (2022) 
Res. J. Chem. Environ. 

108 

The percentage of metal ions removed was obtained from 

equation 1: 

 

R%=CO-Ce / Co × 100                                                       (1) 

 

where (R %) is the ratio of the difference in metal 

concentration before and after adsorption. 

 

The mass balance equation was used to determine the 

adsorption capacity (Qe) from equation 2: 

 

Qe=CO-Ce /M ×V                                                               (2) 

 

Results and Discussion 
Treatment of chalcones with 4-hydroxy benzaldehyde in 

boiling ethanol gave 3,3'-(1,4-phenylene) bis(1-(4-((4-

hydroxybenzylidene) amino) phenyl) prop-2-en-1-one). 

After purification by recrystallization from ethanol, pure 

compound is shown in scheme 2 to give 84 % yield. The 

structures of these products were established from their FT-

IR and 1H NMR spectra. The FT-IR spectra of 3,3'-(1,4-

phenylene) bis(1-(4-((4-hydroxybenzylidene) amino) 

phenyl) prop-2-en-1-one) compounds were characterized by 

the disappearance of the absorption band attributed to the 

(NH2) stretching which appeared at (3300-3400) cm-1.  

 

The IR spectra of 3,3'-(1,4-phenylene) bis(1-(4-((4-

hydroxybenzylidene) amino) phenyl) prop-2-en-1-one) 

showed a peak at 1654 cm-1 related to (C=N) stretching peak 

at 1213-1224 cm-1 which appeared due to (C-N) stretching 

and a peak at 1593 cm-1 which occurred due to C=C 

stretching of aromatic ring. The C=C stretching aliphatic 

showed a peak within the range 1519 cm-1, the C-H 

stretching aromatic ring showed a peak within the range 

3100 cm-1 and the C-H stretching aliphatic showed a peak 

within the range 2918 cm-1. The C-O stretching showed a 

peak within the range 1122 cm-1. Figure 1 shows the FT-IR 

spectrum of Schiff base. 

The 1H-NMR spectra of 3,3'-(1,4-phenylene) bis(1-(4-((4-

hydroxybenzylidene) amino) phenyl) prop-2-en-1-one) in 

scheme 2 and figure 2 were characterized by the presence of 

protons of azo methane group showing singlet signals at 9.00 

ppm. The protons of aromatic rings showed singlet signals 

at 7.91 ppm. In comparison, the protons in position (6) 

showed doublet signals within the range 7.65-7.67 ppm 

because of interaction with protons in position (5). The 

protons in position (5) showed doublet signal within the 

range 7.57-7.59 ppm because of interaction with protons in 

position (6). The other protons in (3) position showed 

doublet signals within the range 6.73-6.75 ppm because of 

interaction with protons in position (2).  

 

The protons in position (2) showed doublet signals within 

the range 6.00-6.60 ppm because of interaction with protons 

in position (3). The aliphatic protons in position (7) showed 

doublet signal within the range 5.87-5.90 ppm because of 

interaction with protons in position (8).  

 

At the same time, the other protons in positions (8) showed 

doublet signals within the range 5.77-5.80 ppm because of 

interaction with protons in position (7). The (OH) protons in 

position (1) showed singlet signal at 10.50 ppm. 

 

Reduction of heavy metals and removal efficiency after 

using chelating polymer: The results in tables 1 to 3 

indicate that the Cd2+ ion removal rate was 100% in the three 

sites of the station. Cu2+ ion removal percentage reached 

100% when using the resin in the external collection basin 

and the primary treatment basin. The removal percentage in 

the secondary treatment basin was 50%. The results indicate 

that the Pb2+ lead ion removal rates reached 86%, 64%, 79% 

in the external collection pool, the primary treatment pool 

and the secondary treatment pool respectively as shown in 

figure 3 of Hamdan sewage water treatment plant. 
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Scheme 2: Schiff base 1H-NMR spectrum 
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Figure 1: FT-IR spectra for Schiff-base 

 

Table 1 

Reduction efficiency to remove heavy metals in Raw wastewater: 

Removal% L.C. 

mg ions/g resin 
eC 

mg/L 
0C 

mg/L 

Ions 

100 0.00141 0 0.0141 +2Cu 

100 0.0001033 0 0.001033 +2Cd 

86.03069 0.0053253 0.008647 0.0619 +2Pb 
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Figure 2: 1H- NMR Spectrum for Schiff base 

 

Table 2 

Reduction efficiency to remove heavy metals in Primary sedimentation tank: 

Removal% L.C. 

mg ions/g resin 
eC 

mg/L 
0C 

mg/L 

Ions 

100 0.001315 0 0.01315 +2Cu 

100 0.0000861 0 0.000861 +2Cd 

64.7289 0.0101236 0.055164 0.1564 +2Pb 

 

Table 3 

Reduction efficiency to remove heavy metals in Secondary sedimentation tank: 

 Removal% L.C. 

mg ions/g resin 
eC 

mg/L 
0C 

mg/L 

Ions 

50 0.0006258 0.006258 0.012516 +2Cu 

100 0.0000775 0 0.000775 +2Cd 

79.24044 0.0057462 0.015054 0.072516 +2Pb 
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Figure 3: Efficiency of resins R1 and R2 in the removal of heavy metal ions in Hamdan sewage plant 

 

Conclusion 
The new Schiff-base compound was prepared from aromatic 

aldehyde derivatives. These compounds were characterized 

using different techniques like FTIR. 1H NMR complexion 

of this ligand was carried out with some metal’s ions (Cu+, 

Cd+ and Pb+). Finally, a polyurethane copolymer was 

prepared from this ligand. 

 

Acknowledgement  
We would like to thank the Departments of Ecology and 

Chemistry Staff at the University of Basrah for their 

assistance with different aspects of this work. 

 

References 
1. Abdulnabi Z.A., Synthesis and Characterization of some Selena 

zone Complexes and Nano adsorbent Surfaces from Industrial 

Waste for removing some Carcinogenic, Ph.D. Thesis, University 

of Basrah, Iraq, 251 (2021) 

 

2. Al-Abbawy D.A.H., Al-Thahaibawi B.M.H., Al-Mayaly I.K.A. 

and Younis K.H., Assessment of some heavy metals in various 

aquatic plants of Al-Hawizeh Marsh, southern of Iraq, Biodiverse, 

22, 338-345 (2021) 

 

3. AL-Saad R.T., Preparation, Characterization and Analytical 

Study of New Chelating Polymers', M.Sc. Thesis, University of 

Basrah, 106 (2020) 

 

4. Alshmery A.Y.H., Estimation of some heavy metals in clams, 

sediments and water from Shatt Al-Arab and treatment rocks 

porcellanite, M.Sc. Thesis, University of Basrah, 100 (2013)                                                                                                                                                                                                                                                                                                                                                                                                          

 

5. Al-tameemi I.A., Removal of pb (II), cd (II) Ions onto dried 

Conocarpus erectus leaves using batch adsorption and study the 

adsorption thermodynamics, M.Sc. Thesis, University of Basrah, 

123 (2012) 

 

6. Bajda T., Szala B. and Solecka U., Removal of lead and 

phosphate ions fromaqueous solutions by organo-smectite, 

Environ. Technol., 36, 2872–2883 (2015)         

7. Braun T., Navratil J.D. and Farag A.B., Polyurethane foam 

sorbents in separation science, CRC Press (2018) 

 

8. Chen J.G., Kong H.N., Wu D.Y., Chen X.C., Zhang D.L. and 

Sun Z.H., Phosphate mobilization from aqueous im solutio by fly 

ashes in relation to their composition, J. Hazard Mater., 139, 293–

300 (2007)                         

 

9. Dharnaik A.S. and Ghosh P.K., Hexavalent chromium Cr (VI) 

removal by the electrochemical ion-exchange process, Environ. 

Technol., 35, 2272–2279 (2014) 

 

10. Fu F. and Wang Q., Removal of heavy metal ions from 

wastewaters, A review, J. Environ. Manag., 92, 407–418 (2011) 

 

11. He Y., Liu Q.Q., Hu J., Zhao C.X., Peng C.J., Yang Q., Wang 

H.L. and Liu H.L., Ecient removal of Pb (II) by amine 

functionalized porous organic Polymer through post- systematic 

modification, Sep. Purif. Technol., 180, 142-148 (2017) 

 

12. Lai Y.C., Chang Y.R., Chen M.L., Lo Y.K., Lai J.Y. and Lee 

D.J., Poly (vinyl alcohol) and alginate cross-linked matrix with 

immobilized Prussian blue and ion exchange resin for cesium 

removal from waters, Bioresource Technology, 214, 192-198. 

(2016) 

 

13. Landaburu-Aguirre J., Pongracz E., Peramaki P. and Keiski 

R.L., Micellar-enhanced ultra-filtration for the removal of 

cadmium and zinc, Use of response surface methodology to 

improve optimization, J. Hazard Mater., 180, 524-534 (2010)                                                       

 

14. Langmuir I., The adsorption of gases on plane surfaces of glass, 

mica and platinum, Journal of the American Chemical Society, 40, 

1361-1403 (1918) 

 

15. Lee C.G., Jeon J.W., Hwang M.J., Ahn K.H., Park C., Choi 

J.W. and Lee S.H., Lead and copper removal from aqueous 

solutions using carbon foam derived from phenol resin, 

Chemosphere, 130, 59–65 (2015)                             

 

16. Lertlapwasin R., Bhawawet N., Imyim A. and Fuangswasdi S., 

Ionic liquid extraction of heavy metal ions by2- aminothiophenol 



Research Journal of Chemistry and Environment_________________________________Vol. 26 (12) December (2022) 
Res. J. Chem. Environ. 

112 

in 1-butyl-3-methylimidazolium hexaflouro phosphate and their 

association constants, Eparationand Purification Technology., 72, 

70-76 (2010)                                                     

 

17. Maneechakr P. and Karnjanakom S., Adsorption behaviour of 

Fe (II) and Cr (VI) on activated carbon Surface chemistry, 

isotherm, kinetic and thermodynamic studies, J. Chem. 

Thermodyn., 106, 104–112 (2017)                         

 

18. Mauchauée S. and Meux E., Use of sodium decanoate for 

selective precipitation metals   of contained in industrial 

wastewater, Chemosphere, 69, 763–768 (2007)               

 

19. Mohsen-Nia M., Montazeri P. and Modarress H., Removal of 

Cu2+ and Ni2+ from wastewater with a chelating agent and reverse 

osmosis processes, Desalination, 217, 276–281 (2007) 

    

20. Petrus R. and Warchol J.K., Heavy metal removal by 

clinoptilolite, An equilibrium study in multi component system, 

Water Research, 39, 819–830 (2005)       

 

21. Rahmanian B., Pakizeh M., Esfandyari M., Heshmatnezhad F. 

and Maskooki A., Fuzzy modeling and simulation for lead removal 

using micellar-enhanced ultrafiltration (MEUF), J. Hazard Mater., 

192, 585–592 (2011)                    

 

22. Verma V., Tewari S. and Rai J., Ion exchange during heavy 

metal from bio-sorption aqueous solution by dried biomass of 

macrophytes, Bioresource. Technol., 99, 1932- 1938 (2008)                                 

 

23. Yoon J., Amy G., Chung J., Sohn J. and Yoon Y., Removal of 

toxic ions (chromate, arsenate and perchlorate) using reverse 

osmosis, nanofiltration and ultrafiltration membranes, 

Chemosphere, 77, 228–235 (2009). 

 

(Received 09th April 2022, accepted 07th June 2022) 

 

 

 

 

 


