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Abstract - This study includes the preparation of new Schiff-base
derived from (3-amino phenol) and (2-hydroxy benzaldehyde and (2-
hydroxy-3-methoxy benzaldehyde), the characterization of this bases is
carried out by FT-IR and *H-NMR The prepared bases were loaded on
Urethane foam to prepare chelating polymers which were characterized
by FT-IR, TGA and DSC technique. The loading efficiency of these resins
were investigated toward several ions Cu*2, Cd+2, Ni*2 and pb*2 in
different time and pH by Batch method. The prepared chelating
polymers showed a good efficiency towards the studied ions and it was
maximum for (Cu*2) ions, An application to prepared chelating polymers
was carried out on a sample of wastewater of Hamdan’s station in
Basrah South of Iraq, and the results showed high and accurate level
efficiency to remove the heavy elements.

Keywords: Heavy metals, Schiff-base, Polyurethane foam, Atomic Absorption
Spectroscopy, Wastewater.

Introduction:

The ongoing release of metal pollutants into the natural environment from waste
streams, air pollution, fossil fuel combustion and urban habitat has contributed to
environmental knowledge and the development of an analytical method for selective
separation of heavy metal ions. The potential of chelating resin for toxic metal
separation has been very well established (Jaishakar et al., 2014; Carolina et al.,
2017; Mehrandish et al., 2019).

There is an effective coordination between ligands and the Schiff-base when
sufficient exist of these functional groups, besides their shapes as fifth or sixth
membered chelating ring when react with metal ions (Warad et al., 2020).

There is an important role that Schiff-base plays in the matter of coordination
chemistry development, this role taken in consideration when it forms stable
complexes with most of transition metals (Chaudhary et al., 2021).

Polyurethane foam (PUF) is one of the polymers with a wide range of
applications, primarily used in home decor, vehicles and thermal insulation
(Dzhardimalieva and Uflyand, 2017), in the last years many of researchers starting
to focus on the conjugating structure chain that the polymers contains with the
structural unit (-CH = N), (Oprea et al., 2020), this structure later on known as
Polymeric Schiff-base or poly imines.

Modified PUFs were used as sorbents for the preconcentration of a range of
metal ions to be separated (Adnan, 2019). In the present work we are interested to
present the potential of a modified PUF by a Schiff-base ligands for loading capacity
of different ions.
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Materials and Methods:
Chemicals used in this research are:

Ethanol (Fluka), 3-amino phenol (Aldrich), 2-hydroxy benzaldehyde (BDH), 2-
hydroxy-3-methoxy benzaldehyde (Fluka), Nickel(II) Nitrate (Fluka), Copper(II)
Nitrate (Fluka), Lead(II) Nitrate (Fluka), MDI, Polyester polyol, tri ethyl amine
(Fluka).

All chemicals were of analytical grade and were used as supplied without any
further purification.

Instrumentation:

- Melting point apparatus of Buchi B19oK was used to measure the melting point
of all prepared compounds.

- By using the Shimadzu, FTIR-8400S (JAPAN) device, the Infrared (FTIR)
Spectra were recorded.

- UV-VIS Spectra were recorded by using UV-2100 Spectrophotometer (Japan).

- HNMR Spectra were recorded on an BRUCKER-500MHz.

- By using Perkin-Elmer STA6000 Simultaneous analyzer the polymer thermal
stability study has been evaluated, the test is (TGA, DSC) simultaneous thermal,
under below conditions should be completed:

10 mg of Each sample to be heated 30-1000°C the heating rate is 10°C/min in N»
gas at flow rate 20 ml/min.

Schiff-base L1 and L2 Preparation:

Schiff-base L; and L. were prepared by dissolving of 0.05 mmole (5.45 g) of 3-
amino phenol in 20 ml of hot absolute ethanol, to this an ethanol solution, 0.05
mmole (6.1 g) of Salicylaldehyde and 0.05 mmole (6.1g) of O-Vanillin, respectively,
were add drop wise with constant stirring. The solution was aciditied by glacial
acetic acid and the mixture was refluxed for five hours, the solid product that
formed after cooling was filtered and recrystallize by ethanol and then dried in
an oven at 50 °C.

Preparation of polyurethane Foam:

Polyurethane was synthesized by mixing polyester polyol with prepared Schiff-
bases and excess of MDI in the presence of triethylamine at room temperature as a
catalyst (Table 1). Then appropriate quantity (30% based on polyester polyol), was
mixed to get homogenous and leave the mixture at the laboratory temperature, and
then placed in an oven at 70°C for two hours to complete Hardening process. The
foam removed unreacted compounds handled twice by using hot water. Then
filtrated and dryed.

Table 1. The reacted materials and their quantities.

Schiff-Bases Ligand (g) Poly-ol (g) MDI (g)
Ls 1.1 2.6 2.75
L. 1.1 2.6 2.75

Results and Discussion:
Physical measurements:
Table (2) demonstrates the physical characteristics of ligands:
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Table 2. Schiff-bases physical characteristics and properties.

Schif- Molecular
Base Structure Formula Weight

N .
L1 Q“—CO 213 g/mol | 128-129 Ygli:xgzh 98.6%
—
L2 243 g/mol | 147-148 Red 70%

HO OCH;

M.P °C Color Yield

FTIR spectra of the prepared Ligands:

The L 1 and L 2 ligands shown in Table (3) and Figures (1 and 2) are
characteristic for the IR peak which gives a strong new band observed at 1618 cm
for L: and L. indicated to carbon nitrogen double bond (HC=N), and the band has
been vanished at 1735 cm* due to carbonyl and 3315 cm due to NH2 stretching
vibration refers to the absence of starting materials from C=0 and NH2 and has
been transformed into HC=N (Mandlik and Deshmukh, 2020).

FTIR spectra for polymer based on L; and Le:

The stretching vibration band of the carbonyl group in the region 1700-1720 cm-!
related to the urethane connection (-NH-COO) was characterized by the FTIR
spectrum of polymer-supported Schiff-bases. Sharp characteristic absorption was
seen at 1598 cm for the -CH=N group and 1597 cm- for L1 and L2, respectively
(Table 4).

Broad bands 3327 cm and 3315 cm for L: and L., respectively, were mainly
assented with the remaining water in the product (Gluvchinksy, 1974; Reiss et al,,
2015).

The appearance of weak band in the region 2300-2276 cm? attributed to
stretching vibration of N=C=0 group indicates the presence of unreacted trace
isocyanate, high absorption peak at 2972-2873 cm is C-H stretching absorption
(Mohammadi et al., 2020). The overall clean spectrum indicates that through
efficient formation-CH=N- bond, the polymerization was carried out Figures (3 and

4).

Table 3. IR spectra of the Schiff-Bases of the L1 and L2 ligands.

C-H C-H
alphatic | aromtic

Ligand C=N | CN C=C OH

L -- 3055 1618 | 1340 | 1449-1539 | 3313

L. 2708 3059 1618 1361 1589 3429
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Figure 2. The“FTIR spectra for the schiff-base L.

Table 4. Spectrum of FT-IR for polymerized L1 and L2.

POLYMERS | -CH=N | NCO | NH-COO | CH aliphatic OH

R: 1598 2300 1712 2972 3327

Ro 1597 2276 1720 2873 3315
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“Figure 4. The FTIR spectra for polymer R
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Schem-1. Polymer (R1) synthesis route (polyurethane based on Schiff-base L)
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Schem-2. Polymer (R2) synthesis route (polyurethane based on Schiff-base L2).

tHNMR Spectrum:

Satisfactory spectral data were provided by the Schiff- base ligand and the
molecular structure was assigned to the 1tHNMR chemical Schiff-base, :HNMR
spectra were calculated as an internal reference in a CD 3 OD solution with tetra
methyl saline, the spectra of these ligands showed a clear signal. (8.7 ppm) for
CH=N azomethane relation, also peaks for alkyl-OH around 3.31 ppm. Several
signals at 6.2-7.2 ppm allocated to phenyl ring aromatic protons (Table 5). Figures

(5 and 6) display the distribution of HNMR for L1 and L2.

Table 5. Spectra of the HNMR for the Schiff-base.

. _ CH CH
Schiff-Base | -CH=N | OH Aromatic | Aliphatic
L. 8.72 3.31 6.2-7.2 -

| 8.7 3.31 6.2-7.2 3.87
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Figure 6. spectra of the HNMR for the Schiff-base L.

Analytical Studies of Polymerized Ligand:
1-Effect of contact time on the Loading capacity:

Figures (7) and (8) show the effect of treatment time on the loading capacity for
R: and R- toward pb+2, Cd+2, Ni*2 and Cu*2 ions, these figures showed that the
loading capacity increased with time of shaking special for each ions after that there
is no effect of increasing of time on the loading capacity.

2-Effect of PH on the loading capacity:

The total loading capacity for polymers of pb+2, Cd+2, Ni+2 and Cu*2 ions at
different pH values was studied. Figures (9 and 10) show the variation in the L.C. of
the polymers towards the studied ion as a function of pH.

3-Regeneration of Loading Resins:

desorbing the metal ions from loaded resins R; & R. was carried out using 1N
HCL solution as an eluent. Figures (11 and 12) show the percentage desorption as a
function of time more than 75% of the amount of each ion was recovered within 2
hrs. for R; and 3 hrs. for R., the studied ions from the resins R: and R» were in the
following order: Ni+2> pb+2 > Cd+2 > Cu+2
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Figure 9. Loading capacity with different pH for each ion of R..
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Figure 12. Regeneration loading capacity with time for each ion of R2.
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Thermal Stability:

Polymer thermal stability is known as the thermal or thermal-chemical
resistance of polymers (Tomi¢, 2020). It can be expressed as thermal stability of any
substance either as temperature functions or as a temperature-time limit. This
analysis (TGA and DSC) techniques have been used to determine thermal stability
of polymers prepared (Majid et al., 2020). DSC and TGA thermograms megrin in
Figures (13 and 14), were analysed and thermal parameters were described and
displayed on Table (6) in TGA analyses measuring changes in sample weight of the
programmed heating rate based on temperature.

The D.T. where optimal decomposition temperature is a 50 percent weight loss
that the temperature at which the decomposition energy activation of the sample
which loses half of its total weight, which defines the Arrhenius equation is E Via in
random chain scission and radical chain mechanisms thermal degredation took
place ,which result that the polymer R2 has less decomposition temperature and

activation energy than polymer Ri, which means that polymer R. has less stablilty
than polymer R..
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Figure 13. TGA curve of R..
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Table 6. The most important thermal functions of the prepared polymers.

Decomp. Temp. °C Temp.of | Rateof |Charcont. [Char cont. AE (K

Polymer 50% Decomp. % % at % at /mol)]
Ti Top: Tope Tr Wt loss Wt./min 600°C 1000°C

R: 177 313 600 750 520 3.01 34 1.15 46.32

R- 168 313 575 780 470 2.103 18 0.3 37.84

On the other side, the DSC thermograms shown in Figures (15 and 16) indicated
that R; and R. had an exothermic peak which curing reactions of the remaining
functional group, polymer chains reacting together under heating at degrees
628.70°C and 575.21°C.

20
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Figure 15. DSC curve of R1.
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Figure 16. DSC curve of Ro.
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Application of the Method:

In order to check the applicability of the method, optimum conditions were
applied on the real environmental samples for the instance waste water of
Hamdan"s station in Basrah South of Iraq. The results indicate high affinity (100%)
removal of Cd+2, Cu+2 and Pb+2 except for Ni+2 ion the percentage of removal of R1
by the studied chelated polymers was 33% while that of R2 was 48%. Table (7)
shows the (%) removal of ions.

Table 7. Percentage removal of ions.

Resin | Ions Equ’Il‘lilrlr)llzum pH Co Ce (mgI;;)(rjl's/ 2) Removal

(hrs.) (mg/1) | (mg/1) Resin (%)

Cu+2 15 0.155 0.0 0.155 100

R, pb+2 15 1.437 0.0 1.437 100
Cd+2 2 0.090 00. 0.09 100

Ni+2 2 0.604 | 2030. 0.40 33

Cu+2 3 77 0.155 0.0 0.155 100

R pb+2 2 1.437 0.0 1.437 100
Cd+2 2 0.090 00. 0.09 100

Ni+2 1.5 0.604 2010. 0.31 48

Conclusion:

Two kinds of prepared azomethine compounds were characterized by using FTIR
and HNMR technique, Polyurethane polymers were prepared from these ligands
also FTIR was characterized and thermal stability was evaluated by using TGA and
DSC techniques. Analytical study of these polymers were evaluated toward several
ions (Ni*2, pb*2, Cd+2 and Cu+2) thus the loading capacities of polymers increased
with time and pH increasing thermal study showed that the polymers were
thermally stable.

Refrences:

Adnan, M.A. 2019. Synthesis of Polyurethane Based on (Resol Novolac Resin-
Polyethylene Glycol) Copolymer and Their Analytical Study. Journal of Kufa-
Physics, 11(1): 133-147.

Carolina, C.F., Kumar, P.S., Saravanan, A., Joshiba, G.J. and Naushad, M. 2017.
Efficient techniques for the removal of toxic heavy metals from aquatic
environment. Journal of Environmental Chemical Engineering, 5: 2782-2799.

Chaudhary, N.K., Guragain, B., Chaudhary, S.K. and Mishra, P. 2021. Schiff base
metal complexes as a potential therapeutic drug in medical science: A critical
review. BIBECHANA, 18(1): 214-230.

Dzhardimalieva, G.I. and Uflyand, I.E. 2017. Design and synthesis of coordination
polymers with chelated units and their application in nanomaterials science.
RSC Advances, 7: 42242-42288.

Gluvchinksy, P. 1974. An infrared study of metal Schiff-base complexes. Master of
Science thesis, Department of Chemistry, University of Wollongong.
https://ro.uow.edu.au/theses/2621


https://ro.uow.edu.au/theses/2621

Analytical study and application of new chelating polymers 13

Jaishankar, M., Tseten, T., Anbalagan, N., Mathew, B.B. and Beeregowda, K.N.
2014. Toxicity, mechanism and health effects of some heavy metals. Interdiscip
Toxicol., 7(2): 60-72.

Majid, R.A., Md. Akhir, F.S., Ghazali, S.K. and Mohamad, Z. 2020. Thermal
Stability and Compression Strength of Rigid Polyurethane/Kenaf Fibre
Biocomposite Foam. Chemical Engineering Transactions, 78: 373-378.
DOI:10.3303/CET2078063

Mandlik, P.R. and Deshmukh, P.K. 2020. Synthesis, Spectroscopic,
Characterization, Thermal Analysis and Biological Studies of Hydrazone Schiff
Base and its Co(II), Cu(II), Th(IV) and Zr(IV) Metals Complexes. Saudi J. Med.
Pharm. Sci., 6(12): 724-732.

Mehrandish, R., Rahimian, A. and Shahriary, A. 2019. Heavy metals detoxification:
A review of herbal compounds for chelation therapy in heavy metals toxicity. J.
HerbMed. Pharmacol.; 8(2): 69-77.

Mohammadi, A., Doctorsafaei, A.H., Burujeny, S.B., Rudbari, H.A., Kordestani, N.
and Najafabadi, S.A.A. 2020. Silver(I) complex with a Schiff base ligand
extended waterborne polyurethane: A developed strategy to obtain a highly
stable antibacterial dispersion impregnated with in situ formed silver
nanoparticle. Chemical Engineering Journal, 381: 122776.

Oprea, S., Potolinca, V.O., Oprea, V. and Diaconu, L.I. 2020. Structure-properties
relationship of the polyurethanes that contain Schiff base in the main chain.
Journal of High Performance Polymers, 32(7): 784-792.

Reiss, A., Samide, A., Ciobanu, G. and Dabuleanu, I. 2015. Synthesis, Spectral
Characterization and thermal behavior of new metal(II) complexes with Schiff
base derived from amoxicillin. J. Chil. Chem. Soc., 60(3): 3074-3079.

Tomié, N.Z. 2020. Thermal studies of compatibilized polymer blends. Chapter 17,
pp: 489-510.

Warad, 1., Ali, O., Al-Ali, A., Jaradat, N.A., Hussein, F., Abdallah, L., Al-Zaqri, N.,
Alsalme, A. and Alharthi, F.A. 2020. Synthesis and spectral identification of
three schiff bases with a 2-(Piperazin-1-yl)-N-(thiophen-2-ylmethylene)
ethanamine moiety acting as novel pancreatic lipase inhibitors: Thermal, DFT,
Antioxidant, Antibacterial, and Molecular Docking Investigations. Molecules,

25(9): 2253.

Cra ALERY pualind) 430 3Y Basaa ADIS &) yad gy Gaakai g Anlulas A
all G ypal) sl dige

Tanla 505 @tk g Tl @l Uy
d/_):J/‘S_).‘AJJ/‘LuB (&M/ﬁ#@ﬂ/wz (Jh.lj/raj.[o_)s_)aj

oS pe Adie b de) 8 e (e g yucand Gl 13 el — (el
&= (2-hydroxy,3-methoxybenzaldehyde), (2-hydroxy benzaldehyde)
o) yaall caad dadY) ddllany 3 el ol ae)  Cuads (3-amino phenol)
ol el Gles & ((tHNMR) (bliaadl g6l ol cahay (FT-IR)
Laals ¢(RL,R2) O ad sl o Jgumnll 4l ol 352 51 o 3 sl
Joalaill 4485 5 (FT-IR) ¢ el caat 4xd) dilhany juzaaall 51 )l pads



14

R.T. Shibli and T.E. Jassim

Cligl olad il ) 13 Jdaesd 5SS iy (TGADS C) ol
bl 3 (Batch Method) 4l 48k ¢lil (Cd+2,Cu+2,Ni+2,Pb+2)
Llae Gabg o A Gl 0¥ Jraad 3eliS el jumadll O g )l
dasa) aall Gpall sl (e die e (R1,R2) wasall 2SN el
chall e 3US il Cancasl 3l i B pad) ddailae & Olaea

Al e ALE pealiall U gl A HY jandl



