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Adsorption of Pb(ll), Cu(ll), and Ni(ll) by a New
Magnetic Schiff Base Resin: Synthesis,
Characterization, and Thermal Study

Iman Saad Ali

General Directorate of Basra Education, Basra, Iraq

ABSTRACT

This study dealt with the preparation and analytical study of a type of chelating resin. This type of resin was
distinguished by containing a ligand of the type of aromatic Schiff bases (5A-T) by reacting the aromatic amine
(5-aminoisopthalic acid) with terephthaldehyde. The prepared Schiff base was identified using infrared FT-IR, 'H-NMR,
13C-NMR, and precise element analysis technology. The prepared Schiff bases were converted into azomethine-amide
resin P5A-T by reacting the ligand (5A-T) with the diamines (4, 4-oxydianiline). The prepared resin was characterized
using infrared spectroscopy.

The study also included the preparation of magnetic zinc iron oxide (ZnFe,0,) by covalent deposition method and its
inoculation with the prepared resin P5A-T. ZnFe,O4 and the composite resin were diagnosed using several techniques,
including scanning electron microscopy (FE-SEM), the particle size is (22 nm) for zinc iron oxide and (36 nm) for the
composite magnetic resin. In addition, X-ray diffraction (XRD) technology was used in the diagnosis process, and the
results confirmed the validity of the prepared composition. In addition, the magnetic properties of ZnFe,O, and the
prepared resin were studied and the composite resin showed superior magnetic behavior. The Malven Zetasizer device
was used to measure the zeta potential. The last part included a study of the analytical efficiency in the adsorption of
some heavy element ions (Ni*2, Pb*2, Cu*?) using the batch method. The loading capacity of the prepared resins was
studied under various conditions such as acid function and treatment time. The order of selectivity was Pb(II) > Cu(II)
> Ni(ID).

Keywords: Adsorbent, Chelating resin, Magnetic, Nanoparticles, Polyazomethine

Introduction reproductive systems in children. Thus, it’s crucial to

eliminate heavy metal ions from water due to their

Growing industrialization has led to serious envi-
ronmental issues. As result environmental problems
are becoming more prevalent in many nations, par-
ticularly water contamination brought on by heavy
metal ions. Cd (II) and Pb (II) are two heavy met-
als with high toxicity that can cause major harm
to animals and humans throughout the food chain.
According to a study by the United States Environ-
mental Protection Agency, lead and cadmium can
both cause lung cancer, hypertension, immune sys-
tem disorders, and diseases of the reproductive and

high toxicity and lack of biodegradability.! Heavy
metal ion contamination of the environment has re-
ceived significant attention in recent years. Some
of the frequently employed techniques for removing
metal ions from effluents include filtering, chemical
precipitation, chemical coagulation, flocculation, ion
exchange, reverse osmosis, membrane technology,
and solvent extraction.

These techniques, however, are constrained by
their high operational costs and/or potential for
ineffective removal of some harmful metal ions,
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particularly at trace level concentrations.?
Researchers have recently become interested in
polymer-based nanocomposites among the many
other types of adsorbents that already exist due to the
high potential they exhibit. PNCs are a brand-new cat-
egory of hybrid materials that are typically created by
mixing organic polymers with inorganic Nano fillers.
The advantages of inorganic nano fillers, such as
rigidity and temperature stability are combined with
the special features of polymers, such as flexibility,
ductility, and process ability. It’s interesting to note
that even at very low concentrations; nano fillers can
change the macroscopic characteristics of polymers. >
PNCs often have a large surface area, making them
a suitable option for adsorption research because
they have a considerable effect over this feature.*
In aqueous solutions, this new adsorbent may form
complexes with nearly all monovalent and divalent
heavy metals, including Cu?*, Pb%*, Cd?*, Hg?*,
Zn?* Ag*, and Ni?*. Unfortunately, the TMT15
adsorbents are typically utilized as powders, making
it challenging to remove them from suspension.®
Consequently, nanoparticles-supported chelating
resin technology has been used in nanoparticles
adsorption approaches due to its special qualities that
enable it to swiftly and effectively remove practically
all types of contaminants. Nanoparticle adsorbent
technology has been applied in nanoparticle
adsorption technologies because of its unique
properties that allow it to remove almost all types
of contaminants very quickly and efficiently. Nano
magnetic adsorbents are used as support materials
and can be easily separated from the reaction media
by means of a magnetic field. A magnetic field is
employed to easily separate the reaction medium
from the nano-magnetic adsorbents, which are used
as support materials. Additionally, it has various

HOOC COOH
+
H>

2145

benefits in that it does not generate secondary waste
and that the materials employed are easily recyclable
and adaptable to a variety of industrial applications.
Additionally, metallic species can be eliminated from
water, food, or medicine using magnetic adsorbents. °
The purpose of this study is to create new polyamide
with ladder-type structures containing azomethine
groups. Because of their improved chemical stability
due to their ladder-like structure, polyamides are
a good choice for removing heavy metal ions from
industrial effluents.

Materials and methods

The technique involved dissolving (2.1 g, 0.01 mol)
of amine (5-aminoisophthalic acid) in (40 ml) of
methanol and adding (2.6 g, 0.02 mol) of aldehyde
(terephthaldehyde) in (10 ml) of methanol. The re-
action was successful after retrograde escalation for
4 hours, followed by TLC, filtering, cooling, and the
formation of a white precipitate. The white precip-
itate was then filtered, dried in a drying oven, and
recrystallized with chloroform, with a melting point
of 301 to 302°C.

Fig. 1 depicts synthetic route of Schiff base com-
pound [5A-T]. The infrared spectrum (FT-IR), the
nuclear magnetic resonance spectrum (‘H-NMR)
spectrum ('3C-NMR), the exact elemental analysis
(CHN), displaying the suggested chemical composi-
tion of the produced Schiff base.” Yield: 87%, color
white, FT. IR: 3194 cm~!(OH of COOH), 1717 cm™!
(C=0St) 1618 cm™! (-N=CH- St).!H-NMR(500 MHz,
DMSO- dg(§ =13.3 ppm (4H COOH), 10 ppm (2H,
-N=CH), § = (8.86-8.20) ppm = (10 H, ArH). 13C-
NMR (500 MHz, DMSO-de: (166) ppm carbon atom
of the carboxyl group and, (162) ppm, carbon of the

Fig. 1. Synthetic route of Schiff base compound [5A-T].
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Fig. 2. Synthetic route of [P5A-T] chelate resin for [SA-T] Schiff base.

azomethine group (142) ppm and (117-138) ppm
carbon atoms of the aromatic rings, in addition to the
appearance of the signal of the carbon atoms of the
DMSO solvent at (40) ppm.

Preparation of [P5A-T] chelates resin for [5A-T]
Schiff base

The reaction apparatus is made up of a con-
denser, an addition orifice, a magnetic stirrer, and
a circular, three-necked flask. Schiff base (5A-T),
4,4-oxydianiline (5mmol), 0.5g of lithium chloride,
(3.1g, 10 mmol) triphenyl phosphite, 2.5 ml of pyri-
dine, and 10 ml of N-methyl-2-pyrrolidone ((NMP))
were combined in a flask and heated to 100°C un-
der nitrogen gas for 8-10 hours. A soft jelly was
produced after the reaction was finished. The thick
mixture was added to the cold methanol, and the
resultant liquid was filtered and cleaned before being
collected. The formula for chelated resin [P5A-T] 8 is
shown in Fig. 2. Additionally, using hot methanol to
washed the resin and dried at 80°C. FT. IR: 3194 cm™!
(H-bonding), 1670 cm™, (C=0 St amid), 1597cm™!
(-N=CH-).

Preparation of zinc iron oxide nanoparticles

The co-precipitation approach was used to cre-
ate zinc iron oxide nanoparticles as a result of this
process:

ZIlClz =+ 2FeC13 + 8NaOH
— ZnFe404 + 4H,0 + 8NacCl

First, two different zinc and iron chloride aque-
ous solutions were created: 3.6 g of FeCl;.6H;0

(13.3 mmol) and 0.9 g of ZnCl, (6.65 mmol) were
dissolved in 40 ml of distilled water and stirred for 15
minutes. Second, the two solutions were added to a
milliliter flask with a circular bottom and three necks.
While waiting, a 0.5 M aqueous sodium hydroxide
solution was prepared and slowly added while being
violently mixed into the original solution. The addi-
tion took between 40 and 60 minutes to complete
Depending on the necessary pH, a precipitation agent
was added to the primary solution in amounts ranging
from 80 to 100 ml. The pH readings taken at the
end of each procedure therefore varied from 9 to
12. The reaction time was set at two hours, and the
reaction temperature was set at 80°C. By bringing
the created NPs to room temperature and repeatedly
washing them in distilled water, the extra soluble salt
was eliminated. After being placed in containers, the
NPs powder was dried in an oven for 24 hours at 100
degrees Celsius.’

Preparation of magnetic zinc iron oxide composite
resins

In a 500 ml flask with Nj, aromatic poly amide
(0.6 g) was dissolved in 50 ml of N-methyl-2-
pyrrolidone (NMP). Over the course of 60 minutes,
the ZnFe,04 nanoparticle/NMP suspension (50 ml)
that was previously made was added drop by drop
to the polymer solution. The suspension was put on
a neodymium magnet to precipitate the magnetic
particles after being stirred for 24 hours at room tem-
perature. After that, in order to remove all polymers
from the supernatant solution, NMP was employed to
wash the magnetic particles. The particles were then
dried in a vacuum oven at room temperature after a
second methanol wash. 1°
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Results and discussion
FTIR and "H-, 8C-NMR analysis

A straightforward condensation procedure involv-
ing 2-to-1 mol ratios of 5-amino terephthalic acid
and terephthaldehyde was used to create the tetra
carboxylic acid monomer (5A-T).

A weak intensity stretch band was observed
at the range (3194 cm™) due to aromatic CH
vibration frequencies. The spectrum also recorded
two strong stretching bands, the first in the range of
1717 cm™! attributed to the bond (C=0) in the
carboxyl group, while the second was in the
frequency range (1618 cm™) belonging to the
azomethine group. This came in agreement with what
was mentioned in the literature, as the stretching
frequency of the (C-N) bond appeared in the
region (1313 cm™). In the corresponding resin, the
emergence of a new wide band due to the reductive
frequency of the NH group is noted. In addition, it is
noted that the band of the carboxylic group belonging
to the aromatic amine shifted to the lower frequencies
cm™! (1670 cm™), evidence of the formation of the
amide bond. The azomethine group shifted to the
lower frequencies in the cm™ range (1597 cm™).

The 'H-NMR spectra of this compound in a
deuterium-substituted dimethyl sulfoxide solvent
(DMSO-dg) showed a single signal at (6H = 2.5) ppm,
due to protons from traces of the solvent (DMSO)
not deuterated. And a single signal at the site (6H =
3.3 ppm), due to the presence of traces of water, in
this spectra. The H NMR spectrum of the monomer
[5A-T] indicated in the appearance of a broad signal
at ppm (8 =13.3ppm) due to the 4H carboxylic OH as
well as the emergence of a signal due to the -N=CH-
proton at § = (10 ppm) and a multi-band signal due
to aromatic ring protons at ppm (8.86-8.20 §) is also
visible in the spectrum.!!-!?

Table 1. Results of the elemental analyses and the average molec-
ular weight calculations (Mw, Mn), polydispersity index (PDI), and
ninh.

%C

62.61
(62.75)

%H %N Mw)

38000

pinh (Mn) PDI

17000

3.50
(3.57)

6.08
(6.48)

0.85 2.2

Table 2. Poly (Azomethine-amid) Solubility.
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13C-NMR spectra were recorded for Schiff bases pre-
pared using a solvent, dimethyl sulfoxide, as shown in
the study with '3C-NMR spectroscopy. We notice that
the spectrum of the ligand (5A-T) consist of a signal
at a chemical displacement (166) ppm that belongs to
the carbon atom of the carboxyl group and a signal at
ppm (162) ppm, belongs to the carbon of the azome-
thine group (142) ppm, and as the signals appeared,
which fall within the ppm range (117-138), which
belong to the carbon atoms of the aromatic rings, in
addition to the appearance of the signal of the carbon
atoms of the DMSO solvent at (40) ppm. '34

Although the natural viscosity of the aramids could
be increased by adding a suitable amount of LiCl to
the reaction mixture, all polymerizations were there-
fore carried out in NMP containing lithium chloride.
Polycondensation in NMP persisted evenly even in
the absence of a metal salt that boosts the solubil-
ity of aramids, such as lithium chloride. Aramids
with intrinsic viscosities of 0.8 dL/g were yielded
practically quantitatively. For instance, aramids with
intrinsic viscosities greater than 0.85 dL/g could be
created by diamines with electron-donating ether
groups in the para position. The aramids’ molecular
weight, determined by GPC and shown in Table 1,
was determined. Mn and Mw values for the aramids
were in the range of 17.000 and 38.000; respec-
tively. The polydispersity index Mw/Mn. 2.2 is used
to determine the molecular weight distribution. The
molecular weight distribution of polymers produced
by polycondensation is affected by the method of
addition, the concentration of the monomers, the
viscosity of the reaction fluid, and the regularity of
stirring. In the present study, aramids with rather nar-
row molecular weight dispersion were synthesized.
The TPP NMP/Py/LiCl mixture was used to create
the azomethine polymers P5A-T, which have excep-
tional solubility in polar aprotic solvents like NMP,
DMAc, DMF, DMSO, and even less polar solvents like
pyridine and m-cresol. The high solubility should be
caused by the presence of a number of functional
groups in the polymer backbone, including ether
linkage groups, amide joints, and an asymmetrical
structure as shown in Table 2. These components
made the P5A-T more soluble by promoting bet-
ter solvent molecule penetration, the formation of

Solvent Solubility Solvent Solubility
N, N-dimethylacetamide DMAc + + Tetrahydrofuran +
Dimethyl sulfoxide DSMO + + Acetone -
N-methyl-2-pyrrolidoneNMP + + methanol -
N,N’-di-methyl formamide DMF + m-Cresol- -
Chloroform + Pyridine +

Solubility: (+) soluble at room temperature, ‘Partially soluble, and (-) insoluble.



2148

BAGHDAD SCIENCE JOURNAL 2025;22(7):2144-2157

80

60

VeTET (7o

40

549.68°C

83.55% Welght Change|
(5.326mg)

- 0.5

0.0

Deriv. Weight (%°C)

-0.5

1000

Fig. 3. Thermal analysis of the prepared P5A-T.

H-bonds, and dipole-dipole interactions with po-
lar organic solvent molecules. The solubility also
varies depending on the kind of dicarboxylic acid
employed.

Thermal stability evaluations

The thermal stability of the polymer (P5A-T) was
examined using TGA/DTG, and Fig. 3 depicts the
weight loss curve. The thermo gravimetric analysis
curves of the resin revealed the presence of two disso-
ciation bands for the P5A-T resin, the first at 357.23°C
and the second at 549°C. The findings indicated that
the first stage is caused by the breakdown of amide
groups, the second stage is brought on by the loss
of functional aggregates containing the azomethine
group, and the final stage is brought on by the thermal
decomposition of the polymeric chains. '

Vibrating sample magnetometer (VSM)

Fig. 4a and Fig. 4b shows the variation of the mag-
netic field under an applied magnetic field at 300 K.

80
60
40

20

The synthesized sample is practically superparam-
agnetic, as seen by both images. The results show that
pure ZnFe;O4 has a higher saturation magnetization
value than P5A-T/ZnFe;04. The MS value is influ-
enced by a number of variables, including particle
size, ion occupancy in the tetrahedral and octahe-
dral positions, and cationic stoichiometry. Potential
causes of the declining magnetization include the
non-collinear magnetic structure; differences in super
exchange interactions brought on by different coor-
dination’s, and spin canting. Because the polymeric
covering successfully shielded the manganite, the
polymer had a magnetic saturation value that is lower
than what was anticipated for MNPs. However, due to
their magnetic sensitivity and classification as super-
paramagnetic materials, these materials can quickly
meet the demand for magnetic separation. '%'”

Surface and elemental analysis

The shape of the zinc ferrite nanoparticles is shown
in Fig. 5a. The ZnFe;04 sample’s SEM photos show
irregularly shaped particles at various magnifications.
Due to Fe ions, all the particles have formations that

a- ZnFe O,
b- P5A-T/ZnFe,O,

Magnetic Moment (emu/gr)
o

-10000 -8000 -6000 -4000 -2000 O 2000 4000 6000 8000 10000
Magnetic Field (Gauss)

Fig. 4. Field dependence of magnetization for the ZnFe,O,4 (a) and aromatic polyamide/ZnFe,O4 nanocomposite (b).
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Fig. 5. FTSEM image of (a) ZnFe,QOy, (b) EDX for ZnFe, Oy, (c) P5A-T/ZnFe,Oy.

resemble rocks. In a pure sample, no significant
particle size was discovered. Due to aggregation and
uneven shape, the surface morphology of all samples
can be seen through SEM analysis in the rang (19-
20 nm). The EDX pattern of a sample of synthesized
ZnFey04 is shown in Fig. 5b. Table 3 below contains
the elemental content of the samples I. The presence
of chemical components including oxygen (O), zinc
(Zn), and iron (Fe) elements was confirmed by EDX
to be pure and formed.'® As Fig. 5c, which depicts
azomethine-amide composite resins with magnetic
zinc iron oxide, demonstrates that they almost
assumed the form of magnetic zinc iron oxide.

TEM images of Zn Fe;O4 NPs with average sizes of
7 nm and diameter ranges of 2 to 24 nm are shown

Table 3. Elemental Analysis of ZnFe,O,.

Element Weight% Atomic%
(6] 31.41 62.82
Fe 43.02 24.65
Zn 57.25 12.52
Total 100.0 100.0

in Fig. 6a and Fig. 6b displays Zn Fe,O4 NPs with
a P5A-T coating on the core and particles as small
as 36.5 nanometers. In Fig. 6b, PSA-T/Zn Fe;O4 NPs
dispersion is depicted. The size distribution of the
particles ranges from 30 to 80 nm, with the majority
of them being less than 100 nm in size. '*?°

Nitrogen adsorption-desorption analysis

The specific surface area of P5A-T/ZnFe;04
nanocomposites was calculated using BET. Fig. 7
and Table 4. display the N, adsorption-desorption
isotherm and BJH pore size distribution map for
P5A-T/ZnFe;04 nanocomposites. The ZnFe;04/P5A-
T nanocomposite had an approximate average pore
diameter of 39.01 nm, a specific surface area of
126.62 m2g, and a total pore volume of 1.3455
em3g1. 21,22

The zeta potential

A zeta analyzer was used to determine the suspen-
sion’s zeta potential in the electrode cell Fig. 8. The
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Fig. 7. Nitrogen adsorption-desorption.

P5A-T/ZnFe;04 nanocomposite surface was found to
have a negative charge for the whole range under
investigation at the zeta potential (-39.9 mV). Given
that P5A-T molecules are polar, the existence of an
electric pull between them was theoretically sup-

Table 4. Surface area and porosity information.

Property P5A-A/Zn Fey04
Surface area (m?/g)* 126.62

Pore volume (cm3/g)** 1.3455

Pore diameter (nm)** 39.01

Isotherm type mesopores

ported by the nanocomposite polymer, which gave it
stability and dependability.??

Measurements using dynamic light scattering (DLS)
and transmission electron microscopy

Fig. 9 depicts Hydrodynamic radius values for mag-
netic zinc iron oxide particle sizes. Among the key
elements in determining particle size are the particle
size and hydrodynamic diameter. The size and form
of the particles as well as the hydrodynamic radius
were determined using TEM and dynamic light scat-
tering (DLS). The hydrodynamic radius ranged from
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Calculation Results

Peak No. | Zeta Potential | Electrophoretic Mobility
1 -39.9 mV -0.000310 cm2/Vs
| 2 I ——mV | - cm2/Vs 1
[ 3 | — mV 1 —— cm2/Vs
Zeta Potential (Mean) : =39.9 mV

Electrophoretic Mobility Mean

a
9
[}

ens
N
&
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: -0.000310 cm?2/Vs

Zeta Potential (mV)

Fig. 8. The resin P5A-T/ZnFe,O4’s zeta potential values.
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Fig. 9. Hydrodynamic radius values for magnetic zinc iron oxide particle sizes.

(36.5) nm whereas the zinc iron oxide nanoparticles
were (19) nm in size. The multiple dispersion indexes,
which measures dispersion was 0.37, indicating a
monomorphic dispersion. The hydrodynamic diame-
ter, in contrast to TEM, which measures particle size
in the dry state, measures particle size in the liquid,
where the particle is surrounded by various ionic
layers of solvents attached in the solution because
the particles in the solution have a random Brown-
ian motion. The particle size was substantially bigger
than that of what was detected by TEM due to the
various interactions with solvent particles and other
particles. 252>

X-ray diffraction (XRD) technology of ZnFe, 04

The diffraction pattern of X-rays (XRD) of ZnFe;04
is shown in Fig. 10. Using X-ray diffraction tests car-
ried out between 25° and 80°, the crystallite size and
crystalline structure of the synthesized NPs were iden-
tified in Fig. 10. The diffraction characteristic peaks
for this sample can be ascribed to the crystallographic

planes (220), (311), (222), (400), (422), (511) and
(440) at 2 6 equals to 29.89°, 35.21°, 36.84°, 42.79°,
53.08°, 56.58°, and 62.13°. The sample’s diffraction
patterns point to the presence of a special spinel
cubic phase, matching the JCPDS card number 98-
004-0456.2°

Analytical study

Study of the analytical efficiency of the polymer
(P5A-T/ZHF€204)

In this study, the Batch Method was used to
study the analytical efficiency of the polymer [P5A-
T/ZnFe,04] towards a number of ions that were
studied, which include, pb?*, Cu?* and Ni*2, and
the concentration of ions in these solutions was de-
termined by flame atomic absorption spectroscopy.
After shaking (10 ml) of the studied ion solution
with a concentration of 100 ppm with 0.01 g of the
polymer for 24 hours, the ions pb?*, Cu?* and Ni?*
showed a great response towards the polymer, so
these ions have been studied in detail.
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Fig. 10. X-ray diffraction spectrum of samples ZnFe;Oy.

The effect of treatment time on the maximum loading
capacity of the polymer (P5A-T/ZnFe;04)

The effect of the treatment time was studied on the
loading efficiency of the polymer [P5A-T/ZnFe;04]
in withdrawing ions of the studied elements, as it was
observed that with increasing the treatment time of
the studied ions solutions, the loading capacity of the
polymer increased, the ions (Pb?*, Cu?*, Ni2*) reach
to the state of equilibrium after 0.5 hour has passed,
and the amount of loading capacity increases slightly
until 24 from the treatment reaching. Figs. 11 to 16

Ni

Loading Capacity
PONNYNNDOO®EOOOO

[ 10 T {o)
Time(hr)

Fig. 11. The number of milligrams of Ni* withdrawn by (0.01g) of
resin [P5A-T/ZnFe, Q4] as a function of time at different pH levels.
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Fig. 12. The impact of the pH functions on the polymer’s ability to
load the lead ion at various treatment durations.

show the effect of treatment time on the polymer
loading capacity [P5A-T/ZnFe;04] for ions (pb?*,
Cu?*, Ni2*) in the studied pH functions.

Pb ===pH(2)
9 =@=pH3.5
9 § v v =—lar= pH4.5
9 =v=pH5.5
8
8
‘2- 8 A 4 v
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Fig. 13. The number of milligrams of Pb?* withdrawn by (0.01g) of
resin [P5A-T/ZnFe, Q4] as a function of time at different pH levels.
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Fig. 14. The impact of the pH functions on the polymer’s ability to
load the lead ion at various treatment durations.
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Fig. 16. The impact of the pH functions on the polymer’s ability to
load the lead ion at various treatment durations.

The effect of the pH function on the analytical efficiency
of [P5A-T/ZnFe;04] resins

The effect of the pH function on the loading effi-
ciency of the polymer [P5A-T/ZnFe;04] was studied
in withdrawing the ions of the elements. The results
obtained from the study of the acidity function indi-
cate that the efficiency of the P5A-T/ZnFe;0, resin
towards the studied ions follows the following order
> Ni*2 > Pb *2 > Cu™2.

The pH is one of the crucial variables in the adsorp-
tion of metal ions onto chelated polymers, which is
carried out by adsorbents in various acidic solutions.
Depending on the pH level of the solution, the active
functional groups that are present on the surface of
the nano sorbent material might be protonated. It is
evident for nonabsorbent resin that the values of ad-
sorption capacity increase with increasing pH, though
an increase in pH values above pH 7 can result in a
potential precipitation of metal ions that inhibits the
adsorption treatment. Then, at a low pH value, the
adsorption capacity of heavy metal ions is relatively
low, which may be explained by the competitive ad-
sorption between the hydronium ion and the metal
ions.
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Moreover, the surfaces of the nano adsorbents ap-
pear to be positively charged due to the presence of a
higher concentration of hydronium ion which reduces
the number of binding sites for metal ions.?” It was
observed that the absorption of (Cu™?2, Ni*2, Pb*2)
on the surface of the resin is low in acid solutions
and with an increase in the pH values, where we find
that the maximum absorption of ions at the pH value
is approximately 6. A pH of less than 4 indicates that
the active nitrogen atoms in the resin practically de-
naturant partially. In other words, at low pH values,
H™' ions compete with heavy metal ions for adsorp-
tion sites, as well as electrostatic repulsion between
active protons and positively charged ions, and this
limits the absorption capacity of the elements, and
the opposite occurs in the case of the non-protonation
of the nitrogen atom and the hydrolysis process leads
to an increase in the adsorption of the elements. As
for the adsorption mechanism, it should be noted that
there are electron donor atoms such as oxygen in C=0
and nitrogen in each of the amide and azomethine
groups, and these can donate some of their electronic
density in the Bay system (Bay succession) through
resonance and there is an important effect due to the
presence of the effect of Bay electrons Unsigned in
the ligand, which affects the susceptibility of com-
plexation (chelation) in the bonding structure, and we
can say that the process of forming complexes takes
place through oxygen atoms and nitrogen atoms in
the azomethine group. The participation of physical
forces like the Van der Waals forces with the chemical
forces represented by the exchange of electrons and
the formation of a chemical bond between metal ions
and functional groups on the surface of the resin may
be the cause of the high non-specific absorption of
these ions. Effects of entropy, enthalpy, and other
factors like ionic radius.

Competitive adsorption

Competitive adsorption was evaluated in a triple
system consisting of three of the ions of the studied
elements such as (pb?*, Cu?*, and Ni?*) and in con-
ditions after stabilizing the ideal conditions from time
and acidity functions in a mixture of solutions. The
results showed that the adsorption of element ions
has decreased from the first adsorption. The reason
for the lower rate of adsorption in the ternary system
than in the monomeric system is the increase in the
electrical repulsion between other metal cations in
the solution that inhibit adsorption. It is possible that
the obvious difference in the tendency of stronger
bonding of Pb?* and Cu?* than Ni2* is based on
their ionic properties. such as ionic radius, acid-base
solid theory, covalent indices, total binding strength
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Fig. 17. Competitive adsorption of heavy metal ions in the ternary
system.

Although Pb*2 and Cu*? and Ni2* have the same
number of charges, Pb*2 and Cu™? ions will be more
strongly attracted to the surface of negatively charged
resins due to higher crystal radius of (Pb?* 1.20) and
(Cu?* 0.73) compared to (Ni? * 0.69). In addition,
the lower adsorption of Ni2* ion may be related to its
lower covalent index (4.99) compared to Pb?* (6.6)
and Cu?* (6.32) and therefore Cu®* and Pb2* ions
have a greater tendency than Ni2* to form covalent
bonds with the bond to the adsorbed surfaces. Pb? *
1.94 and Cu?* 2.22; therefore, Pb%* and Cu?* show
greater access to a particular pore surface than other
ions, which leads to a higher degree of adsorption,
Fig. 17 illustrates this. %!

Regeneration of the loaded polymers

The regeneration of the resins and the recovery
of chelated metal ions was carried out as following:
The loaded resin was treated with HCI solution of a
predetermined normality (1N) and volume (the same
volume of treatment time study from 0.25 hrs. to
24 hrs. after which the solution was filtered and the
concentration of the studied ions was determined by
(F.A.A.) from calibration curves prepared with(1N)
HCI at the same eluent concentration, percentage ion
recovery for each ion was plotted as a function of
time. Fig. 18 illustrates this.

I Cu2+
I Ni2+
I Pb2+

o

% recavery
- N w B (& [} ~ o ©
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Fig. 18. The effect of treatment time on uptake ions of polymer.
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Conclusion

A novel azomethine tetra carboxylic acid monomer
with good thermal stability was successfully used
to create magnetic ladder-type poly (azomethine
amide). Spectroscopic techniques verified the molec-
ular structures of the monomers and the resulting
polymers. The polymers in this work had reason-
ably good yields, high Mw, and 5inh thanks to a
relatively straightforward polymerization process. Af-
terwards, it was discovered that these polyamides
had a good balance between the properties (thermal
stability versus solubility). High magnetism was ex-
hibited by ZnFe;04 and P5A-T/ZnFe;04, which was
readily and rapidly separated from aqueous solution
by an external magnetic field. The polyamides were
resistant to chemicals and may be used to remove
heavy metal ions from industrial waste as much as 95
mg/g of polymer and the polymer retains its sorption
behaviors and has a high regeneration ability of up to
95%. Polymers have a very high loading capacity for
Ni2*, Pb%* and Cu?*. The polymers’ highly effective
competitive adsorption and ability reuse toward Pb
(1D, Ni(I1), Cu(1n).
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