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synthesized polymers were comprehensively characterized by CHN analysis, 'HNMR, FT-IR, UV—
Vis spectroscopy, thermogravimetric/differential thermal analysis (TG/DTA), and scanning electron
microscopy (SEM). The adsorption performance of the prepared polyamides toward Co?* and Cr**
ions in aqueous media was systematically investigated. The influence of key operational parameters,
including pH, temperature, initial metal-ion concentration, and contact time, was evaluated to
optimize adsorption efficiency. Under optimal conditions, the polymers exhibited remarkable
removal efficiencies of 95.2% for Co** and 99% for Cr**. Metal ion concentrations before and after
adsorption were quantified using atomic absorption spectrometry (AAS). Equilibrium data were
analyzed using the Langmuir and Freundlich isotherm models, whereas adsorption kinetics were
interpreted using pseudo-first-order and pseudo-second-order models to elucidate the mechanism
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1. Introduction

Adsorbent materials for heavy metals such as Cr(III),
Co(II), Cu(ll), Hg(II), Pb(II), Cd(I), and Ni(Il) are
essential for every community since in almost all
industrial processes producers face the production of
heavy metal waste solutions that enter environmental
cycles as pollutants [1, 2]. These pollutants have
significant economic impacts (reducing the useful life of
the instruments and pipes) and health effects (due to their
toxicity, stability and biological interference with
enzymes, proteins, nucleic acids) [3-5]. An effective
method for heavy metal removal should be inexpensive,
user friendly, simple and recyclable. Over the years,
different techniques such as chemical precipitation [6],
ion exchange [7], membrane filtration [8], chemical

oxidation [9], reverse osmosis [10], solvent extraction
[11], electrodialysis [12], ultrafiltration [13], and
adsorption with activated carbon or hydrogel composites
[14] have been used to remove heavy metals or other
pollutants from aqueous solutions. Since these metals do
not decompose easily, among the available methods,
adsorption for heavy metal removal is the easiest and the
most cost-effective method [16].

Cobalt is a heavy metal found in industrial effluents such
as electroplating, alloy production, gas turbine
production, and petrochemical industries, which can
cause harmful side effects for humans in inorganic forms
[15]. Cobalt is an essential element in the human body
as in vitamin B12, but like other metals, excessive
amounts are toxic and pose serious public health and
environmental risks. Chronic cobalt poisoning can lead
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to interstitial pneumonia, cardiac disorders, respiratory
and skin sensitization, bone hyperplasia and
polycythemia. It can also cause cardiomyopathy,
hypothyroidism, neurological disorder, convulsions,
blindness, headache, liver disease, and even cancer [16].
Chromium is one of the most problematic heavy metals
because it exists in several oxidation states, mainly
trivalent and hexavalent [17] Cr(III) is required in small
amounts as micronutrients for glucose, fat, and protein
metabolism in mammals, but large doses can be harmful
to animals and plants [18]. Hexavalent chromium
compounds with greater oxidation ability are far more
toxic [19].

Synthesis of aromatic polyamides containing
azomethine and sulfide groups has a great interest due to
their high selectivity toward adsorption of heavy metal
ions. Furthermore, according to the hard-soft-acid-base
(HSAB) principle, ligands with N and S donor atoms can
favorably adsorb heavy metals [20]. In fact, the lone pair
electrons on nitrogen, sulfur, and oxygen of coordinating
compounds act as potential active sites to form
coordination complexes with heavy metal ions.
Introducing heat-resistant groups such as aromatic rings
into polyamide chains leads to their unusual properties
such as hardness, thermal stability, and high tensile
strength, physical, chemical, and mechanical resistance,
as well as a high glass transition temperature [21, 22].

Therefore, to improve the chelating ability of new
polymeric absorbents to heavy metals, many researchers
aim to synthesize new polymeric adsorbents containing
more heteroatoms in the polymer. The presence of
azomethine group (C=N) units within the polymer
structure increases the thermal stability as well as the
complexation ability of the polymer [23-25]. Sulfur
atoms in polymer structures, depending on the functional
group type (such as thiourethane, monothio- or
dithiocarbonates, thioesters, sulfinyls, sulfonyls,
polysulfides, and sulfides), enhance the mechanical,
electrical, optical and adhesive properties toward metals
[26, 27]. As a result, it is very important to synthesize
new polymer compounds with more heteroatoms to
improve the chelating ability toward heavy metals.

In the present study, two aromatic polyamide polymers
PL, and PL containing oxygen, nitrogen, and sulfur
atoms in their backbone, were applied to the removal of
heavy metals such as Co™? and Cr" from aqueous
solutions. The adsorption behaviors of these two metals
under different metal concentrations, temperatures,
reaction times, and pH values were investigated.

2. Experimental

2.1. Materials and Instruments

All chemical materials were of analytical grade.
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Sulfonamide (Merck), 4,4'-Diaminodiphenylsulfone
(Merck), terephthalaldehyde (Sigma-Aldrich),
terephthaloyl chloride (Merck), Ethanol (Merck,) HCI
(Merck), pyridine (Py, Merck), N-Methyl-2-pyrrolidone
(NMP, Merck). NMP was distilled under reduced
pressure over calcium hydride (CaH,) and was stored
over 4A molecular sieves before use. Dried lithium
chloride (LiCl, Merck, at 200°C under vacuum) and
dried calcium chloride (CaCl,, Merck, at 250°C under
under vacuum) were used. Infrared spectra were
obtained by a Nicolet single beam FT-IR (400DImpact)
spectrometer in the 400-4000 cm! range, using KBr
disks at room temperature. Diffuse reflectance
spectroscopy (DRS) was performed using a UV-Vis,
model V-670, made in Japan. The 'HNMR data were
recorded by employing a Bruker AVANCE 400 MHz
spectrometer. Elemental analyses were carried out by a
Vario EL III Element Analyzer (Hanau, Germany). The
crystalline structure was analyzed by diffractometer D8
ADVANCE from Bruker, Germany. Scanning electron
microscopy (SEM) was used to investigate the
morphology of the compounds (model MIRA3 LMU,
made by TESCAN Company). Perkin Elmer Series
elemental analyser was used for elemental analyses.
TGA analysis was performed on a WRT-2P thermal
analyzer (Shanghai Precision and Scientific Instrument,
Shanghai, China) in ambient environment (N), from 25
up to 800°C by a linear heating rate of 10°C min™'.
Ostwald viscometer (Germany) was used to measure
inherent viscosity at 25 °C. FAAS, Perkin Elmer atomic
absorption spectrometry was used to determine the ion
content in the solution.

2.2. Monomer Synthesis L

L, ligand was prepared based on reported the procedure
with slight changes in the synthesis method [28]. Ina
100 mL round-bottomed flask (two-necked), 0.134 g (1
mmol) of terepthalaldehyde was added to 15 ml of dry
acidic ethanol To the above mixture was combined with
a suspension of 0.344 g (2 mmol) Sulfanilamide in 20
mL of ethanol (dry). The mixture was refluxed for 8-10
h in which the TLC was used to confirm the completion
of the reaction. The solid product (cream colour) was
separated, washed (ethanol) and dried (under vacuum at
70°C) (Scheme 1). (Yield is 89%). mp 260 °C (by DSC).
'"H NMR (400 MHz, DMSO): § = 8.76 (s, 2H(a), -
N=CH-), 8.13 (s, 4H(b), Ar-H), 7.89 (m, 4H(c), Ar-H),
7.46 (m, 4H(d), Ar-H), 7.40 (s, 4H(e), NH2). Elem.
Anal. Calcd for CyHisN4S>04 (44232 g/mol): C,
54.30%; H, 4.52%; N, 12.66%; S, 14.49%. Found: C,
54.42%; H, 4.09%; N, 12.89%; S, 14.79%. FT-IR. FTIR
(KBr, cm™): 3178,3307 (N-H), 1619 (C=N), 1486, 1408
(C=C), 1337(asymmetric) (S=0), 1156(symmetric)
(S=0), (3037) (stretching frequency) (C-H) cm-'.
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2.3. Polymer synthesis PL1

The synthesis of PL; is as follows: To a 250 mL flask
(three-necked) a mixture of 8 mL of dry NMP, 0.264 g
(2.379 mmol) calcium chloride (CaCl,) and 0.066 g (1.557
mmol) lithium chloride (LiCl) was added. To the obtained
solution, 0.884 g (2 mmol) of L; was added and heated
until all the salts had dissolved. Then 0.408 g (2.01 mmol)
of terephthaloyl chloride was added slowly (within about
10 min) at -5 °C to the above mixture and to the flask.
When the mixture became well distributed, 0.5 mL of
pyridine was added at high stirring speed. After stirring
the reaction mixture at low temperature for another 20
min, the temperature was raised to room temperature for
3 h. Then, the flask was heated up to 45-50°C and the
reaction was completed after Sh. Successively, the
reaction mixture was cooled to room temperature, and
then the mixture was poured into distilled water and
filtered. The yellow solid was washed (water) and dried in

O Ot O

a vacuum at 80°C to a constant weight (product yield:
86.2%) (Scheme 1). mp 375 °C (by DSC). 1H NMR (400
MHz, DMSO): 6=10.78, 10.81 (s, H, -HN-C=0), 8.11 (s,
2H, -N=CH-), 8.05 (d, 4H, Ar-H), 7.97 (d, 4H Ar-H), 7.85
(d, 4H, Ar-H), 7.53 (d, 4H, Ar-H). Elem. Anal. Calcd. for
(C28H20N4S206)n (572.4 g/mol), : C, 58.75%; H, 4.89%;
N, 9.78%; S, 11.20%. Found: C, 59.05%; H, 5.20%; N,
9.90%; S, 11.55%. FT-IR (KBr, cm™): 3356, 3311 (NH),
1597 (C=N), 1533 (C=C), 1532 (asymmetric) (S=0),
1155 (symmetric) (S=0). 1668 (C=0), 1401 (amide) (C-
N) cm-'.

2.4. Monomer and Polymer synthesis L , PL

The monomer L and PL were synthesized according to the
previously reported procedures, following the exact
method described [29] (Scheme 2)
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2.5. Metal Ion Adsorption Studies

The batch equilibrium method was employed to
investigate the removal of Co(II) and Cr(III) ions by
Poly(azomethine amides PL and PL in aqueous solutions.
The dilute solutions of HCI/NaOH were used to keep the
pH constant. Separately, 2 mg of PL; and PL adsorbents
were added to 50 mL of metal ion (CoCly6H0,
CrCl3-6H>0) solutions (20 ppm) and were stirred for 2 h
at 200 rpm to facilitate the adsorption of cobalt and
chromium on the polymers. To determine the ion content
in the solution, atomic absorptionn spectrometry was
used.

The variables considered in this study were: pH (3-8),
metal-ion concentration (10-35 ppm), temperature (30—60
°C), and time (20—120 min). The removal efficiency (R%)
of the metal ions was calculated by the using Eq. (1):

CO_Ce

R% = X 100 @)

0

Co: the initial concentrations of the metal ion
(mgL™)
C.: equilibrium concentrations of the metal ion

(mg L™
3. Result and discussion

3.1. FT-IR spectra

The characteristic absorption bands of amine groups of
Schiff base (L) and its corresponding polyamide (PL)
were observed in 3178-3356 c¢cm™l. The vibrational
frequency of the azomethine group (-N=CH-) appeared
at 1597-1619 ¢m! and the symmetric and asymmetric
vibrations of the sulfone group (SO») were found at 1155-
1532 cm’!. The polymer also exhibited a characteristic
absorption band of amid group (O=C) at 1668 cm™! (Fig.
la) [30-33].

3.2. "TH NMR spectroscopy

The 'H NMR spectra of all synthesized compounds were
consistent with the proposed structures. The signals
corresponding to azomethine protons in the monomer L;
and polyamide PL, appeared at &= 8.76 and 8.11 ppm
respectively. The N—H proton signals of PL; appeared at
10.75 and 10.81 corresponding to probable different
conformations of cis and trans isomers, indicating the
presence of amide groups in the main chain. [34] The
resonance signal around 7.40 ppm was assigned to the
NH; group of Schiff base ligand (L) which was absent in
PL,. The aromatic proton occurs in the range of 7.46-8.13
ppm for both monomer and its corresponding polymer
[35, 36].

¢ 10.57647/ijic.2026.1701.02

3.3. Electronic spectra

The electronic spectra of monomer L; and the
corresponding polymer were recorded using UV-Visible
spectroscopy in ethanol solvent (Fig. 1b). In the spectrum
of the monomer transitions of (1 — m*) of both the
aromatic ring and the azomethine group were observed
around 260 and 340 which were shifted to the higher
energy region for the polymer [36, 37].

3.4. Surface morphology studies

The morphological features of polyamide PL; and its
corresponding metal-loaded samples were investigated by
scanning electron microscopy (SEM). As illustrated in
Fig. 2, PL; exhibits a sponge-like, homogeneous, and
porous surface morphology, characterized by the presence
of nanoparticles or nanospheres typically observed in
polyamides precipitated from solution. The morphology
of PL; is highly comparable to that of PL, indicating
similar surface and textural properties. This structural
similarity suggests that both polymers are promising
candidates for the adsorption of heavy metal ions from
contaminated aqueous media. Following exposure to
metal ion solutions, significant morphological
transformations were observed. The polymer surface
underwent marked structural rearrangement, exhibiting a
plate-like morphology in the presence of Cr** ions and a
predominantly  spherical morphology after Co?*
adsorption. These morphological changes can be
attributed to the coordination and subsequent deposition
of metal ions onto the functional groups of the polymer
matrix. PL can therefore be considered a nanostructured
adsorbent. The noticeable variation in surface texture at
the ~300 nm scale between the pristine sample (a) and the
metal-loaded samples (c—f) confirms the interaction of
Co** and Cr** ions with the polymer at the nanoscale,
leading to the formation of nanoscale metal-associated
domains on the surface. These findings provide further
evidence of the high adsorption capability of the
synthesized polyamides for metal ion removal [2, 27, 29,
36].

3.5. X-ray diffraction analysis

The XRD pattern of PL;, reveals its semi-crystalline
nature The diffractogram exhibits several well-defined
peaks distributed over a broad angular range (5°—75° 20),
indicating the coexistence of ordered and disordered
domains within the polymer matrix. In polymer systems,
the appearance of distinct diffraction maxima signifies the
presence of crystalline regions embedded in an
amorphous matrix. The diffraction peak at 5.03° (20)
shows relatively high intensity. Although low-angle
reflections in polymers are sometimes associated with
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interchain spacing or partially ordered amorphous
domains, the pronounced intensity of this peak suggests
the presence of a periodic structural arrangement. The
most intense diffraction peak (100% relative intensity) is
observed at 20.0° (20), which can be attributed to the
principal crystallographic plane of the polymer lattice.
Additional reflections appear at 15.0° (25% relative
intensity), 25.0° (25%), and 30.0° (18%) (20),
corresponding to secondary crystalline planes within the
unit cell structure [20, 29, 33, 38]. Overall, the XRD
results confirm that PL; possesses a semi-crystalline
morphology characterized by well-defined crystalline
domains dispersed within an amorphous polymer matrix.

3.6. Thermogravimetric analysis

The TGA method was applied to assess the thermal
stability of the polyimines. This analysis can evaluate the
thermal stability and degradation behavior related to the
sample. The TGA and DTG curves of PL; are shown in
(Fig. 1d) In the TGA curve of the polymer an insignificant
weight loss (about 5-10%) from 116°C to 300°C can be
attributed to solvent evaporation. A mass loss of about
40% is observed between 350 °C and 450 °C for PL,
indicating the high stability of the synthesized polymers
at high temperatures and their resistance to decomposition
at that temperature. PL, retained 30% of its initial weight
upon heating to 600 °C, demonstrating its high thermal
stability. In the DTG curve, a sharp endothermic peak can
be observed around 350°C for PL; with a loss weight rate
of 9% min’!, ascribed to the decomposition and char
formation of PL; [34, 39]. The TGA results confirm the
excellent thermal performance of this polymer which is
comparable with PL [29].

4. Application of polyamides PL; and PL; for
removing Cr and Co:

4.1. Effect of pH

For both polymers, with a contact time of 2 h, an M(II)
concentration of 20 ppm, and 2 mg of polyamide at 25°C,
the pH values were adjusted from 3 to 8. The optimum
pH for adsorption capacities of the PL; and PL for Co(II)
and Cr(IIl) was found to be 7. It seems that, due to
protonation of the binding sites of ligands at low pH, there
will be less coordination with metal ions, resulting in
minimal M(II) removal.

4.2. Initial concentration effect

The adsorption capacities of polyamides PL; and PL were
evaluated in the M(II) concentration range of 10-35 mg/L,
with other parameters kept constant (pH=7, contact
time=2 h and room temperature). As shown in Fig. 3b and
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4b, the removal percentage decreased with increasing
Co(IT) and Cr(IIT) concentration. For PL and Co(II), the
removal percentage decreased from 98.33 % to 54.57% as
the concentration increased from 15 to 35 mg/L. For
Cr(IlT) and PL, the decrease in the removal percentage
was smaller (from 100 to 74.22%) under the same
condition. For Cr(IlT) even a concentration of 20 mg/L
resulted in a satisfactory removal of 10 mg/L.

Therefore, the optimal concentration values for removal
are 15 mg/L for Co(Il) and 20 mg/L for Cr(Ill). The
diminishing trend observed with increasing metal(Il)
concentration can be attributed to the saturation of the
coordination sites of the polyamides, which reduces metal
adsorption and consequently lowers the efficiency of the
adsorbent.

4.3. Temperature effect

The temperature was varied from 25-60°C to investigate
the removal of Cr(IIl) and Co(II) by PL, and (at pH= 7,
contact time of 2 h, and the M(II) concentration of 20 ppm,
with 2 mg of polyamide,). As shown in Fig. 3¢ and 4c for
both polyamide (PL; and PL) and both metal ions (Co(II)
and Cr(IIl)), the removal percentage decreases when the
temperature increases from 30 to 40°C. However, from
40-60°C, the removal percentage increases, consistent
with an endothermic adsorption process, as it has been
reported in other cases of endothermic heavy-metal
adsorption [37]. The behaviour of the polymers for
different metal [2]. ions follows the same trend, with
polyamide PL demonstrating superior adsorption
performance at 60°C.

4.4 Effect of time

Another important factor influencing the removal
percentage is contact time. Time intervals of 20, 40, 60,
80, 100, 120, and 140 minutes were considered to
investigate the removal efficiency of Co(II) and Cr(III),
while maintaining other parameters at their optimum
values (pH = 7, M(II) concentration = 20 ppm, polyamide
dosage =2 mg, and temperature = 25°C) (Fig. 3d and Fig.
4d).

With increasing contact time, the removal percentage
varied for the two polyamides with different metals. For
Co(Il), PL achieved the highest removal efficiency at 80
min (95.20%), while PL; reached its maximum at 100 min
(89.15%). For Cr (II), PL; exhibited maximum removal
at 100 min (96.65%), whereas PL achieved its highest
efficiency at 120 min (99%). These results indicate that
both polyamides possess a high capacity for metal
removal. As contact time increases, saturation of the
coordination sites of the polymer occurs, leading to
equilibrium in adsorption. From Fig. 3, the optimum
conditions for Co(II) removal with PL are: pH = 7, initial
concentration 15 mg/L, temperature 30°C, and contact
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time 80 min. For PL;, the optimum conditions are: pH =
7, initial concentration 15 mg/L, temperature 30°C, and
contact time 100 min.

As demonstrated in Fig.4 for Cr(III) and PL : pH=7, an
initial concentration 20 mg/L, temperature 60°C and time

(b)
16
14 Fa L1
roN PL1
=12 \\
s AN
~104/
=
R |
=08
]
Zos
=
04
L1 02
—PU1
00
4000 3500 3000 2500 2000 1500 1000 500 W0 300 400 0D 600 700 8OO 90D
‘Wavenumber (cm™) Wavelenght (nm)
(c) (d)
100 {——_
8000 T o
s S .
? 80
« 5000 -~
b I3
£ <
i E 60
iwoo T
o —1G i T ~
2000 30 -=--dTG ¥ .
20
10 20 30 40 S0 6 W 50 W00 W0 30 400 500
20(9

Temperature (*C)

Figure 1. (a) The FT-IR spectrum of the L; and PL,, (b) The UV-Vis

spectrum of L; and PL,, (¢) X-ray diffraction patterns of: PL,, (d) TGA

and DTG curves of PL;

100
90
80
70
60

(@

50 —e— CoPLj
—e— CoPL
40

30
20

Removal (%)

96
94 ©
92
90
88
86
84

82

80 —e— CoPLj
—+— CoPL
78

76

Removal (%)

25 30 35 40 45 50 55 60 65
Temperature (°C)

ATG (%/min)

Removal (%)

Removal (%)

120 min, and for PL;: pH=7, Initial concentration 10
mg/L, temperature 60°C and time 100 min are the
optimum conditions (Fig. 4).

300 nm

500 nim

300 nm

Figure 2. SEM images of: (a) PL, (b) PL (C) absorbed PL,/Co d)
absorbed PL,/Cr e) absorbed PL/Co f) absorbed PL/Cr

110

(b) —e— CoPLp
100 —a— CoPL

90 1
80 1
70 1
60
50 1

40

5 10 15 20 25 30 35 40
Concentration (mg/L)

100
(d)
90 -
80 -

70 1

60 1 —eo— CoPLg
—+— CoPL

50 1

40

0 20 40 60 80 100 120 140
Time (min)

Figure 3. The effect of (a) pH (3- 8), (b) concentration (10-35 mg/L), (c) temperature (30—-60°C) and (d) contact time (30—120 min) on adsorption of

Co(II) by the polymer

¢ 10.57647/1jic.2026.1701.02


https://doi.org/10.57647/IJIC.2026.1701.02

Iravani & Tayebani., Int. J. Ind. Chem., 17(1) 2026 13
120 105
(a) 100 (b) —e— CrPLy
100 —— CrPL
Q QR
< 80 { <
5 = 9%
g 2 s
g 60 —— CrPLy g
a —— CrPL & 80
40
75
20 70
2 3 4 5 6 7 8 9 5 10 15 20 25 30 35 40
pH Concentration (mg/L)
100 110
98 (c) (d)
96 100
~~ —_~
e 94 B
S 0 S %
— —
< 90 <
Z 88 z 80
g 86 E 70 —e— CrPLp
82 —— CrPL 60
80
78 T 50 T T T T T - - ]
25 30 35 40 45 50 55 60 65 0 20 40 60 80 100 120 140 160
Temperature (°C) Time (min)
Figure 4. The effect of (a) pH (3- 8), (b) concentration (10-35 mg/L), (¢) temperature (30—60°C) and (d) contact time (30—140 min) on adsorption of
Cr(III) by the polymer PL1 and PL
4.5 Adsorption Isotherms
1
Logd.-logks + ~logC, )

To describe the interaction of metals with the adsorbent,
two models have been considered: The first one is the
Langmuir model which assumes that adsorption occurs in
a homogeneous medium without molecular interactions
[40]. The Langmuir equation (Equation 2) describes
adsorption as a monolayer process on the adsorbent
surface:

S . (2)

de AmaxKL dmax

Ce: the metal concentration mg L-!

kL: Langmuir constant L mg!

gmax: maximum monolayer adsorption capacity
mg g

ge: the amount of metal adsorbed per gram of
polymer at equilibrium mg g!)

In this model, the Langmuir constant (Ki) and qmax is
maximum adsorption capacity (which is calculated from
the slope and intercept of the linear plot of Cc/qc vs. Ce )
(Fig. 5a, Table 1)

The second model is the Freundlich which is based on
a multilayer adsorption surface and is represented by
equation (3):

¢ 10.57647/ijic.2026.1701.02

1/n: Freundlich constant (related to adsorption
intensity/strength)
K¢ multilayer adsorption capacity

The values of Kr and 1/n were determined from the
intercept and slope, respectively, of the linear plot of log
ge versus log C. (Fig. 5b and Table 1).

The Langmuir model exhibited excellent agreement
with the experimental data, with correlation coefficients
(R?) ranging from 0.9664 to 0.9971. Among the
investigated adsorbents, CrPL; and CrPL exhibited higher
adsorption capacities toward Cr(IIl) ions, indicating their
superior adsorption performance. The relatively high K.
values further demonstrate the strong affinity of the
synthesized polyamides toward the investigated metal
ions (Table 1). The Freundlich model also adequately
described the adsorption equilibrium. The calculated Kr
values confirming the high adsorption capacity of the
prepared polymers. Since all the Freundlich exponent (n)
values are greater than 1, the adsorption process can be
considered favourable, indicating strong interactions
between the adsorbent surface and the metal ions.

Overall, both isotherm models satisfactorily described
the adsorption process; nevertheless, the higher R? values
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obtained from the Langmuir model indicate that
monolayer adsorption predominates for the adsorption of
Co(II) and Cr(III) onto the synthesized polyamides. The
adsorption of Co(II) and Cr(Ill) by the synthesized
polyamides is mainly governed by coordination
interactions between the metal ions and the nitrogen- and
oxygen-containing functional groups, including amide,
sulfone, and azomethine groups. The aromatic rings may
also contribute through electron-rich m systems. The
Langmuir model generally exhibited higher correlation
coefficients than the Freundlich model, indicating that
adsorption  predominantly occurs on relatively
homogeneous active sites with monolayer surface
coverage. The differences observed between Co(Il) and
Cr(IIT) adsorption can be attributed to their different ionic
radii, charge densities, and coordination preferences,
which influence their interactions with the available
functional groups of the polymers.

4.6 Kinetics Study

The rate and mechanisms that govern metal adsorption are
described by adsorption Kinetics pseudo first order (PFO)
and the pseudo second order (PSO) and are presented by
equations (4) and (5) respectively [41]

In(ge — q¢) = Inge — Ky (1) 4)

t 1 t
L1t ©
at k292 qe

de: adsorption capacity (at equilibrium mg/g)
qt: adsorption capacity (at time t mg/g)

ky: rate constant the pseudo first order min'!
k: rate constant of the pseudo second order
gmg'min’!

t: time min

The intercept and slope of the linear plot of In(qe — qy)
vs. t provide the amount of ki and ge in the Pseudo-First-
Order (PFO) model (Fig. 6a, Table 2). In the Pseudo-
Second-Order (PSO) model, the K, and q. values are
obtained from the intercept and slope of the linear plot of
t/qt versus t (Fig. 6b). The high correlation coefficients
(R? = 0.9640-0.9817) indicate that metal adsorption
follows the PSO model for Co(IT) and Cr(IIl) removal.
This suggests that the adsorption process occurred
predominantly through chemical interaction between the
metal ions and the active sites on polymers surface,
represented the two phase system. The pseudo-second-
order model implies the chemical interactions between
metal ions and the adsorbents and are the rate limiting step
for metal ions removal from water solutions.

Table 1: Parameters of Langmuir and Freundlich isotherm constants for adsorption of Co(II) and Cr(III)

Langmuir Freundlich
Absorbent  qmax (mg g')  Ki(Lmg') R? Ki(mg g (L mgH)"™ n R?
CoPL, 468.51 1.2506 0.9664 291.13 5.7174 0.3117
CoPL 495.69 4.8311 0.9954 359.06 7.2936 0.5836
CrPL, 654.34 2.1925 0.9903 409.16 4.8039 0.8764
CrPL 646.09 6.1107 0.9971 448.97 5.5367 0.9460
(a) (b)
621 ® CoPLl ®
.
L ]
61{ ®
6.0
£
~ 5.9
g
5.8
5.7
0 10 20 30 40 50 L5 2.0 2.5 3.0 35 40 as
Ce(mgL™h) InCe (mg L™Y)

Fig. 5: a) Langmuir isotherm b) Frenundlich isotherm of PL,; and PL metal complexes
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5. Conclusions

The two new polyamides were successfully applied for the
removal of Co(Il) and Cr(IIl) metal ions from aqueous
solutions. Optimized conditions for adsorption were
established based on contact time, temperature, pH, and
initial concentration. The adsorption kinetics of both
metal ions followed the pseudo-second-order model,
indicating that chemical interactions between the metal
ions and the active sites of the polymers are the rate-

limiting step. The most appropriate adsorption isotherm
model varied depending on the adsorbent and the specific
metal ion, although the R? values for both models were

very close, suggesting good applicability of both. The two
polyamides superior adsorption performance compared to
PL,, and the removal efficiency was higher for Cr(IIl)
than for Co(I). These findings highlight the potential of
poly(azomethine amides) as effective adsorbents for the
treatment of heavy-metal-contaminated water.

Table 2: Adsorption kinetic data for removal of Co(II) and Cr(III)

Compound  qeexpy(mg g!)  gecarc)(PFO)  Ki(PFO) R2(PFO) gecac)(PSO) Ki(PSO) R2(PSO)
CoPL, 445.75 304.434 0.0224 0.9609 528.626 7.47e-05 0.9817
CoPL 476.00 272067 0.0213 0.7179 529.271 1.03e-04 0.9640
CrPL; 483.25 296.510 0.0152 0.8675 530.491 7.88e-05 0.9644
CrPL 500.00 339.725 0.0186 0.9779 570.997 6.77e-05 0.9801
Pseudo-First-Order Kinetics Pseudo-Second-Order Kinetics
6.5
... 2 oL || "] @ corrcem
6.0 A CrPL1 (Exp) A CrPL1 (Exp)
$ \5‘ @ CrPL (Exp) 0.404| @ CrPL (Exp) ‘
55{ =
N Y 0.351
5.0 * S
. PR £ 0.30
45 i =
8 ~e % 025
&0 RN s
S = 0,20
3.5 \’\\ S
RN 0.15]
3.0 . .
N 0.10
2.5 1 L h
0 20 40 60 80 100 120 140 0 20 10 60 80 100 120 140
Time (min) Time (min)
Fig. 6: Linear plots of Pseudo-first-order kinetic and Pseudo-second-order kinetic model for the adsorption of Co(1l) and Cr(1II) onto PL and PL,
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