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Abstract 

A new chelating ion-exchange copolymer was prepared using the polycondensation of 2,4-
dihydroxybenzoic acid, acrylamide and formaldehyde in a 1: 1: 2 proportion. The copolymer 
produced was widely characterized by UV-Visible spectroscopy, Fourier transform infrared 
spectroscopy (FT-IR), proton nuclear magnetic resonance (1H NMR), carbon-13 nuclear magnetic 
resonance (¹³C NMR), scanning electron microscopy (SEM), X-ray (XRD), elemental analysis, 
and gel permeation chromatography (GPC) of the molecular weight. The identification of the 
successful formation of the copolymer and the presence of functional groups that were able to 
coordinate with metal ions was proven by the spectral and analytical findings. The ion-exchange 
ability of the synthesized copolymer was tested against the removal of Fe³⁺, Cu²⁺, Cd²⁺, Zn²⁺, Ni²⁺, 
and Pb²⁺ ions in aqueous solutions using the batch equilibrium technique. The influence of the 
concentration of the electrolytes and the pH and the contact time on the adsorption of metal ions 
was systematically studied. The findings showed that the copolymer had a high adsorption capacity 
and selectivity to the toxic metal ions especially Pb²⁺ and Cd²⁺, because of the presence of hydroxyl 
and amino functional group, which formed stable chelate complexes. The resulting copolymer was 
found to have a high potential of being an effective and reusable ion-exchange material in the 
removal of dangerous metal ions in the polluted water systems. 
Keywords:  Copolymer, Spectral characterization, Chelating ion-exchange resin, Batch 
equilibrium method, Heavy metal removal. 

1. Introduction 
Polymer science has quickly developed, attracting worldwide consideration due to the 

flexible applications of polymer materials. Copolymers, specifically, are flexible mixtures 
significant in a great many applications, including glues, high-temperature materials, fire safe 
filaments, coatings, semiconductors, impetuses, and particle trade pitches. Their multi-layered 
nature makes copolymers central focuses in state-of-the-art research, driving progressions in 
materials science across assorted businesses [1-4]. Copolymers and their polychelates exhibit great 
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protection from changes in temperature, making critical commitments to the progression of 
polymeric materials [5]. 

Gurnule and partners inspected the corruption of a copolymer under heat delivered by 
formaldehyde, 2-hydroxy-4-methoxybenzophenone, and 1, 5- diaminonaphthalene [6]. Utilizing 
monomers including formaldehyde, 2, 4- dihydroxybenzoic corrosive, and phenylhydrazine (0.1 
mol) in a 3:1:5 proportion, the copolymer was made utilizing mass polymerization. A corrosive 
impetus was available during the polymerization cycle. The subsequent copolymer's intensity 
solidness was then surveyed and recorded [7-9]. 

Utilizing 4-hydroxybenzophenone and melamine with formaldehyde, a particle trade saps 
was made. It was portrayed utilizing essential investigation and other spectroscopic procedures, 
and its chelating properties with Ni2+, Cu2+, Cd2+, Zn2+, and Pb2+ metal particles were inspected. 
Phthallic corrosive, melamine, and formaldehyde copolymer were utilized to make the 
copolymeric chelating particle trade sap, which was a then distinguished utilizing FT-IR and 
1HNMR spectrum [10]. The combined copolymer's capacity to retain metal particles has been tried 
involving the clump equilibration strategy for different metal particles at different focuses. Solid 
anion trade hypercrosslinked poly (HEMA-co EGDMA-co-VBC) and solid anion trade poly 
(Styrene-co-EGDMA-co-VBC) were thought about [11]. Copolymer sap produced using subbed 
resorcinol, biuret, and formaldehyde has been the subject of combination, antibacterial, and 
particle trade examinations [12]. Salicylic corrosive and diaminobenzoic corrosive were joined 
with formaldehyde to make copolymer sap, and the chelating particle trade properties were 
examined utilizing the group harmony technique. Selectivity for Fe3+, Cu2+, and Ni2+ particles was 
viewed as higher in the tar than for Zn2+, Co2+, and Pb2+ particles [13]. Within the sight of a 
corrosive impetus, copolymer gum is made by buildup of salicylic corrosive, semi- carbazide, and 
formaldehyde. Its particle trade qualities for Co2+, Zn2+, Cu2+, Ni2+, and Pb2+ particles are analyzed 
[14-15]. Das concentrated on the arrangement of copolymers with formaldehyde, 1,5- 
diaminonaphthalene, and 2-hydroxy-4-methoxybenzophenone [16]. Besides, a copolymer made 
of 2-hydroxy-4-methoxyacetophenone, guanidine hydrochloride, and formaldehyde was blended 
and portrayed by Bisen and partners [17]. Copolymers' reasonable warm soundness and variety in 
assembling materials make them valuable in various applications, including bundling, glues, 
coatings, electrical sensors [18], and semiconductors [19]. Furthermore, they have been examined 
for use as impetuses, particle exchangers, activators, and thermally stable materials [20-21]. By 
creating plastic items like toys, cups, and car parts, polymers have changed both industry and day 
to day existence. Specialists are right now exploring breakdown strategies, regardless of the way 
that polymers for the most part oppose disintegration [22-23].  

Although much has been done on the same, the design of new copolymer resins with 
enhanced adsorption capacity, selectivity and stability is an area of research being looked into. As 
such, the production of efficient copolymers with appropriate chelating groups is an efficient 
system to developing efficient ion-exchange material to remove heavy metals. 

A new copolymer resin has been synthesized by condensation polymerization and its 
properties evaluated in the current research by applying different analytical and spectroscopic 
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methods (elemental analysis, gel permeation chromatography (GPC), UV-Visible spectroscopy, 
Fourier transform infrared spectroscopy (FT-IR), 1H NMR, 13C NMR, scanning electron 
microscopy (SEM), and X-ray diffraction (XRD) to identify its characteristics. Also, ion-exchange 
behavior of the synthesized copolymer was studied and determination of its effectiveness of the 
copolymer in removing the toxic heavy metal ions in the aqueous solutions was done. The obtained 
findings of this study can be used to create effective polymer-based adsorbents to clean the 
environment and drinking water. 
2.  Materials and Methods 

2.1 Materials 
All the chemicals employed in the current study were of an analytical reagent (AR) grade 

and were used without further purification 2, 4-dihydroxybenzoic acid, acryl amide and 
formaldehyde solution (37) were bought in standard chemical suppliers and utilized as received. 
Purification and experimental work were done using the solvents, which included ethanol, 
methanol, and distilled water. 

The ion-exchange study mentioned above used metal ion solutions prepared as Cu(II), 
Ni(II), Zn(II), Pb(II), Cd(II) with their corresponding nitrate or sulfate salts using double distilled 
water. Glassware utilized in the experiments was washed using the dilute nitric acid and rinsed 
using the distilled water. 

2.2 Synthesis of 2,4-DBAF Copolymer Resin 
The synthesis of the copolymer resin, 2,4-Dihydroxybenzoic Acid 2,4-DBAF-Acrylamide-

Formaldehyde (2,4-DBAF) was done using a condensation polymerization technique.  In a typical 
synthesis procedure, 2,4-dihydroxybenzoic acid and acrylamide were taken in a round-bottom 
flask in a suitable molar ratio and dissolved in an appropriate solvent medium. To this mixture, an 
aqueous solution of formaldehyde (37%) was added slowly under constant stirring. A few drops 
of acid catalyst (such as hydrochloric acid) (2M) were added to promote the condensation reaction. 
The mixture was heated to 122°C in an oil bath and stirred in a continuous manner and allowed to 
take place over a period of approximately 5 hours. The reaction saw condensation polymerization 
of the monomers to form a three-dimensional network of copolymer by the use of the methylene 
bridges that were created using formaldehyde. 
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Figure 1: Synthesis of 2, 4-DBAF polymer 
Once the reaction was done the viscous polymer mass that was obtained was left to cool to 

room temperature. This gave a solid copolymer resin which was washed repeatedly with hot 
distilled water and ethanol to eliminate remaining unreacted monomers and impurities. The clean 
copolymer was then dried in a vacuum oven with temperature of 6070C in 24 hours. The dried 
polymer was crushed, ground and sieved to get the same size of particles ready to use in further 
characterization studies and ion exchange studies. 

3. Characterization of the Synthesized Copolymer 
The synthesized copolymer resin was characterized using several analytical and 

spectroscopic techniques to determine its structural, morphological, and physicochemical 
properties. Some of the characterization techniques used were elemental, gel permeation 
chromatography (GPC), UV-Visible, Fourier transform infrared (FTIR), proton nuclear magnetic 
resonance (1H NMR), carbon-13 nuclear magnetic resonance (13C NMR), scanning electron 
microscopy (SEM) and X-ray diffraction (XRD). These methods can give valuable data regarding 
the molecular composition, functional groups, surface morphology, and crystalline structure of the 
polymer [24]. 

3.1 Elemental Analysis 
To establish the composition of the carbon (C), hydrogen (H) and nitrogen (N) composition 

of the synthesized copolymer resin in percentage. The theoretically calculated values were 
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observed to be in good accord with the experimental values which complicated the successful 
formation of the copolymer structure. Nitrogen in the polymer structure validates the presence of 
acryamide units into the polymer backbone with the oxygen-based functional groups being formed 
by condensing 2, 4-dihydroxybenzoic acid and formaldehyde. Elemental analysis thus presents 
good support to the successful production of the copolymer resin [25]. 

Table 1:  Elemental Analysis of 2, 4-DBAF Copolymer 
Polymer Measured 

and 
Theoretical  

Carbon 
Percentage 

Measured 
and 

Theoretical 
Hydrogen 
Percentage 

Measured 
and 

Theoretical 
Nitrogen 

Percentage 

Empirical 
Formula of 

Polymer 
Subunit 

 

Molecular 
Weight of 

Repeat Unit 

2, 4-DBAF 52.60 
(53.83) 

3.11 
(4.18) 

6.42 
(8.37) 

C15H14N2O5 334.35 

 
3.2 Molecular Weight Determination by Gel Permeation Chromatography (GPC) 
Gel permeation chromatography (GPC) was used to calculate the molecular weight 

distribution of the produced copolymer. The analysis of the GPC revealed the determination of 
number average molecular weight (Mn), weight average molecular weight (Mw) and 
polydispersity index (PDI) of the synthesized copolymer. The GPC analysis revealed that the 
synthesized copolymer has an intermediate distribution of molecular weight, which is typical of 
condensation polymerization reactions. Polydispersity index (PDI) gives data concerning 
uniformity of the polymer chains. A smaller PDI goes to show the evenness of the polymer chains 
as the polymerization process takes place [26]. 

Table 2: Molecular Weight Determination of 2, 4-DBAF Copolymer by Gel Permeation 
Chromatography (GPC) 

Polymer Mass of Empirical Unit (g) Number-Average 
Molecular Weight (Mn) 

2, 4-DBAF 312 3235 
 
3.3 UV–Visible Spectroscopy 
The electronic transitions of the synthesized copolymer were studied by UV- Visible 

spectroscopy. The UV–Visible spectrum of the copolymer had absorption bands at the region of 
245-265 nm and 368-377 nm which can be attributed to π → π* and n → π* rings and carbonyl 
groups in the structure of the polymer. The peaks of the absorption in the UV spectrum verify the 
existence of conjugated aromatic systems and functional groups in the copolymer matrix. These 
functional groups are responsible for interaction with metal ions during ion-exchange processes 
[27]. 
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Fig. 2. Ultraviolet–Visible Absorption Spectrum of 2, 4-DBAF Copolymer 

 
 
 
3.4 Fourier Transform Infrared Spectroscopy (FT-IR) 

The functional groups in the synthesized copolymer were determined by FT-IR 
spectroscopy. The FT-IR spectrum of the copolymer had many typical absorption bands which are 
related to the various functional groups. The common FT-IR absorption bands in the copolymer 
include: The occurrence of these characteristic peaks is a sure indication that hydroxyl, amide and 
aromatic functional groups in the polymer structure have been incorporated. These functional 
groups are active sites that are used in binding metal ions during the adsorption or ion-exchange 
processes [28]. 

 
 Fig. 3: FTIR Spectroscopic Characterization of 2, 4-DBAF Copolymer 

 3.5 ¹H Nuclear Magnetic Resonance (¹H NMR) 
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The ¹H NMR spectrum of the copolymer that is synthesized gives details on the presence of 
the hydrogen atoms in the various chemical environments of the polymer structure. Typical signals 
observed in the ¹H NMR spectrum include, These signals confirm the formation of methylene 
bridges between monomer units and aromatic and amide functional groups in the polymer structure 
[29]. The methyl protons of the Ph–CO–CH₂ group are accredited with a medium-intensity singlet 
at δ 2.5–3.0 ppm. The amino proton of the –C–NH–CS– unit appears as a triplet in the δ 7.35–7.41 
ppm range. A strong signal between δ 4.96 and 4.98ppm corresponds to methylene (–CH₂–) 
protons in the polymer backbone. Weak, unresolved signals from δ 6.5 to 8.5 ppm reflect aromatic 
protons of substituted benzene rings. Additionally, a faint signal between δ 7.5 and 8.2 ppm 
confirms the presence of phenolic –OH groups [30-31]. 

 
Figure 4: ¹H NMR Characterization of 2, 4-DBAF Copolymer 

3.6 Scanning Electron Microscopy (SEM) 
Scanning electron microscopy (SEM) was used to obtain the surface morphology of the 

synthesized copolymer. The micrographs of the surface of the polymers indicated that polymer 
surface is heterogeneous, porous and irregular. The porous nature of the polymer enhances the 
surface area available and makes diffusion of metal ions to the polymer easier. Adsorption and 
ion-exchange processes can also be effectively applied to such morphological features due to 
superior interaction between the metal ions and the polymer ions [32-33]. 
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Fig. 5: SEM images of 2, 4-DBAF Copolymer 

 
3.8 X-Ray Diffraction (XRD) 

X-ray diffraction was used to determine the crystalline or amorphous nature of the 
synthesized copolymer. The XRD pattern of the copolymer showed a broad diffraction peak, 
indicating that the polymer possesses predominantly amorphous characteristics. Amorphous 
polymers generally exhibit better adsorption performance because their flexible structure allows 
easier diffusion of metal ions into the polymer matrix [34]. The broad peaks observed in the XRD 
pattern confirm the amorphous nature of the synthesized copolymer resin. 

 
 Fig. 6: XRD Spectra of 2, 4-DBAF Copolymer 

 
4. Ion-Exchange Studies 

The ion-exchange character of the prepared copolymer resin was studied to test its 
suitability in the extraction of toxic heavy metal ions among aqueous solutions. The experiment 
entailed the calculation of the distribution coefficient (Kd), pH influence on the uptake of metal 
ions, metal ion selectivity, adsorption capacity, and regeneration ability of the copolymer resin. 
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These parameters are important for evaluating the practical applicability of the polymer in water 
purification processes [35]. 
4.1 Determination of Distribution Coefficient (Kd) 

The coefficient of distribution (Kd) is a significant aspect that is used to assess the affinity 
of the resin to various metal ions [36]. It is the mass of metal ions absorbed on the resin per unit 
of mass of metal ions that is not absorbed in the solution at equilibrium. The distribution coefficient 
was computed as shown below: 

Distribution Coefficient = !"#!$
!$

× %
&

 ------ (1) 

Where: 
Ci = Initial concentration of metal ion (mg/L) 
Cf = Final concentration of metal ion after equilibrium (mg/L) 
V = Volume of solution (mL) 
W = Weight of dry resin (g) 

An equilibrating solution of metal ion solutions with known concentration of a known 
amount of copolymer resin was created. Once the equilibrium was achieved, the concentration of 
the remaining metal ion in the solution was determined through correct analytical techniques like 
UV-Visible spectrophotometry. 

Table 3:  Distribution coefficient (Kd) values for different metal ions 
Metal ion Kd (mL/g) 

Cu²⁺ 185 
Ni²⁺ 162 
Zn²⁺ 148 
Pb²⁺ 205 
Cd²⁺ 140 

 
The results indicate that the synthesized copolymer resin exhibits good affinity toward 

various heavy metal ions, with Pb(II) showing the highest Kd value, suggesting strong interaction 
between the resin functional groups and the metal ion. 
4.2 Effect of pH on Metal Ion Adsorption 

The pH of the solution is very important in the process of adsorbing metal ion since it 
affects the ionization of the functional group in the polymer as well as the speciation of the metal 
ion in the solution. The pH influence on uptake of metal ions was examined by equilibrating the 
resin by the different pH solutions of the metal ion[37-38]. 

Table 4:  Effect of pH on metal ion adsorption 
pH % Removal of Cu²⁺ % Removal of Ni²⁺ % Removal of Pb²⁺ 
2 32 28 35 
3 48 42 55 

                 4 65 60 70 
5 78 72 85 
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6 98 84 93 
7 88 82 91 

 
The adsorption efficiency goes up with the rise in pH because of decreased competition 

between the hydrogen ions and metal ions to the active binding sites of the polymer resin. The 
highest adsorption was noted at pH of about 6 and then there is a possibility of metal ion 
precipitation [39]. 

4.3 Metal Ion Selectivity 
The selectivity of the copolymer resin toward different metal ions was evaluated using 

mixed metal ion solutions. The selectivity order was determined based on the observed Kd values. 
Selectivity order of metal ions. 

Pb2+ > Cu2+ > Ni2+ > Zn2+ > Cd2+ 

This selectivity behavior may be explained by the coordination interaction between the 
functional groups and metal ions like –OH, –COOH, and –CONH₂ present in the copolymer 
structure. Metal ions with higher affinity toward these donor atoms exhibit greater adsorption on 
the polymer resin [40]. 

4.4 Adsorption Capacity of the Copolymer Resin 
The adsorption capacity of the copolymer resin was found by stabilizing a known quantity 

of resin with solutions of known concentration of metal ions. The following equation was used to 
obtain the adsorption capacity: 

Adsorption Capacity (qe) = (!"#!()%
&

  ---------- (2) 
Where: 
qe = adsorption capacity (mg/g) 
Ci = initial metal ion concentration (mg/L) 
Ce = equilibrium concentration (mg/L) 
V = volume of solution (L) 
W = weight of resin (g) 

Table 5: Adsorption capacity of the copolymer resin 
Metal ion Adsorption capacity 

(mg/g) 
Cu²⁺ 92 

Ni²⁺ 84 

Zn²⁺ 76 

Pb²⁺ 105 

Cd²⁺ 70 
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These findings indicate that the copolymer resin synthesized has a large adsorption 
capacity of the heavy metal ions, especially, Pb(II) and Cu(II) ions. Multifunctional groups of the 
polymer matrix provide the metal binding capacity by the chelation and ion-exchange mechanisms 
[41-42]. 

 
5. Conclusion 

The synthesized 2,4-DBAF Copolymer resin was successfully prepared and characterized 
using UV–Visible, FTIR, ¹H NMR, ¹³C NMR, SEM, and XRD techniques. The characterization 
results confirmed the successful introduction of pyridinium functional groups and the formation 
of a porous polymeric structure. Ion-exchange studies revealed that the resin exhibits good 
adsorption capacity and selectivity toward metal ions in aqueous solutions. The adsorption 
behavior was influenced by pH and showed favorable distribution coefficients for selected metal 
ions. In addition, the material demonstrated good regeneration ability, indicating its potential for 
repeated use. Therefore, the developed polymeric resin can be considered a promising material for 
the efficient removal of heavy metal ions from wastewater. 

 
References 
1. S. S. Rahangadale, W. B. Gurnule, Chelation ion exchange properties of copolymer rein 

derived from 2,2-dihydroxybiphenyl, biuret and formaldehyde, Desali. Wat. Tret, 2015; 
55:1506-1815. 

2. R. N. Singru, W. B. Gurnule, V. A. Khati, A. B. Zade, J. R. Dontulwar, Ecofriendly 
application of p-cresol melamine-formaldehyde polymer resin as an ion exchanger and its 
electrical and thermal studies,2010;263:200-210. 

3. Y. U. Rathod, V. Pandit, D. Bhagat, W. B Gurnule, Synthesis of copolymer and its 
composites with carbon and their photoluminescence studies. Mat. Tod. Proc, 2022; 53: 
123-129. 

4. El-shazly R, Kamal R, Nassar A, Ahmed N, Sayed G, The behavior of some terpolymers 
as lubricating oil additives. Appl. Petro. Res, 2020; 10: 115. 

5. W. B. Gurnule, N. C Das, K. V Vajpai, Y.U. Rathod, Synthesis, characterization and 
thermal degradation study of copolymer resin. Mat. Tod. Proc 2020; 29: 1071-1076. 

6. W. B. Gurnule, Y. U. Rathod, A. D. Belsare, N. C Das, Thermal degradation studies of 2-
amino 6-nitrobenzothiazole-oxamide- formaldehyde copolymer and its composites. .Mat. 
Tod. Proc, 2020; 15:611. 

7. S. P. Chakole, Y. U. Rathod, V. U. Pandit, W. B Gurnule, Synthesis, characterization and 
thermal behavior of 2, 2′-dihydroxybiphenyl- formaldehyde-phenylenediamine 
copolymer. Mat. Tod. Proc, 2022; 52: 96. 

8. P. G. Gupta, R. H. Gupta, W. B. Gurnule, S. N. Rao, Y. U. Rathod, Synthesis, 
Characterization, and Photoluminescence Properties of 2- amino 6-nitrobenzothiazole-
Melamine-Formaldehyde Copolymer- Charcoal Composite. Indian. J. Engr. Mat. Sci, 
2023; 30: 838-844. 



VOL-58, ISSUE -1, 2026 (Advanced Engineering Science) 

 

 963 

9. W. B. Gurnule, P. K. Gupta, R. H. Gupta, Y. U. Rathod, N. B. Singh, Thermal degradation 
studies of 2-amino 6-nitrobenzothiazole-oxamide- formaldehyde copolymer and its 
composites.Int. Conf. Ener. Tech, 2023; 1281: 012026. 

10. S. S. Rahangdale, W. B. Gurnule, Terpolymer resin II: Synthesis, characterization, and 
ion‐exchange properties of 2, 4‐dihydroxyacetophenone–dithiooxamide–formaldehyde 
terpolymers. Mat. Tod. Proc, 2020; 43:163-174. 

11. N. Sidharaj, G. Rajaran, M. Senthil, Synthesis, characterization and Ion- exchange 
properties of 4, 4 oxy-dianiline, 2, 6 diamino-pyridine with formaldehyde terpolymer. 
Mat. Tod. Proc 2020; 42: 1030-1036. 

12. Y. U. Rathod, S. B. Zanje, W. B. Gurnule, Hydroxyquinoline copolymers synthesis, 
characterization and thermal degradation studies. J. Phy Conf Ser, 2021; 1913: 012061. 

13. W. B. Gurnule, R. R. Dubey, D. S. Bhagat, Y. U. Rathod, B. P. Kafle, Environmental, 
Thermal, and Mechanical Studies of SBR-Nano Aluminum Oxide Composites. J. Mod 
Nanotechnol, 2022; 2: 10. 

14. J. V. Khobragade, M. Ahamed, W. B. Gurnule, synthesis and characterization of 
copolymer resin derived from pthallic acid and melamine. J. Chem. Pharm. Res, 2014; 
6:364. 

15. M. B. Thakre, W. B. Gurnule, Synthesis and Characterization of New Copolymer Resin 
Derived from 4-Hydroxybenzoic Acid and Adipamide.Mat. Tod. Proc. 2019; 3: 516–525. 

16. W. B. Gurnule, N.C. Das, Studies of chelation ion-exchange properties of copolymer resin 
derived from 1, 5-diaminonaphthalene, 2, 4- dihydroxy-propiophenone and formaldehyde. 
Mat. Tod. Proc. 2019; 15: 611–619. 

17. W. B. Gurnule, Y. U. Rathod, and A. D. Belsare, Selective removal of toxic metal ions 
from waste water using polymeric resin and its composite. Mat. Tod. Proc, 2020; 29: 1044-
1049. 

18. S. S. Rahangdale, N. C. Das, K. Vajpai, W.B. Gurnule, Synthesis, characterization and 
thermal degradation studies of terpolymer derived from 2, 4-dihydroxy propiophenone 
and 4-pyridylamine. Int. J. Recent Sci. Res 2019; 10: 31772–31778. 

19. C. Kohad, W. B. Gurnule, Synthesis, Characterization and Photoluminescence Studies of 
Organic Copolymer Resin. Mat. Today Proc 2019; 15: 438–446. 

20. N. C. Das, W. B. Gurnule, Studies of chelation ion-exchange properties of copolymer resin 
derived from 1, 5-diaminonaphthalene, 2, 4- dihydroxy-propiophenone and formaldehyde. 
Int. J. Curr. Eng. Sci. Res 2019; 6: 1414–1425. 

21. W. B. Gurnule, R. U. Rathod, A. D. Belsare, N. C. Das, Studies of chelation ion-exchange 
properties of copolymer resin derived from 1, 5- diaminonaphthalene, 2, 4-dihydroxy-
propiophenone and formaldehyde. Mat. Tod. Proc, 2020; 29:1044. 

22. S. Chinaglia, M. Tosin, F. Degradation of plastic materials in the marine environment: A 
mussel farm as a case study for the development of alternative mussel nets. Polym. 
Degrad. Stabil 2020; 147: 237–244. 



VOL-58, ISSUE -1, 2026 (Advanced Engineering Science) 

 

 964 

23. S. Morsch, Y. Liu, S.B. Lyon, S.R. Gibbon, B. Gabbriele, M. Malanin, K. Eichhorn, 
Examining the early stages of thermal oxidative degradation in epoxy-amine resins. 
Polym. Degrad. Stabil. 2020; 176. 

24. S. S. Rahangdale, W.B Gurnule, Synthesis and chelation ion exchange properties of 2, 4-
dihydroxyacetophenone-biuret-formaldehyde terpolymer resin. J. Appl. Polym. Sci, 2018; 
43: 108-120. 

25. N. C. Das, Y. U. Rathod, V. Pandit, W.B. Gurnule, Studies of chelation ion-exchange 
properties of copolymer resin derived from 1, 5- diaminonaphthalene, 2, 4-dihydroxy-
propiophenone and formaldehyde. Mat. Tod. Proc 2020; 53: 80-85. 

26. S. Barkade, P. Bansod, V. Doss, S. Mardikar, Development of poly (aspartic-co-glutamic 
acid) green antiscalant for calcium carbonate scale inhibition. Adv. Sci. Engg. Medic 
2020; 12: 198-206. 

27. R. Mohurle, Y.U Rathod, A. Ghatole, W.B Gurnule, Studies of chelation ion-exchange 
properties of terpolymer resin derived from 8- hydroxyquinoline and dithiooxamid. Int. J. 
of Adv. Res. Sci. Comm. and Tech. 2021; 12. 

28. M. M. Rangari, S. S. Rahangdale, S. Shrivastva, Y. U Rathod, Synthesis and Chelation 
Ion-exchange Study of Copolymer Resin Derived from Resorcinol and Melamine. Indian. 
J. Engr. Mat. Sci, 2023; 30: 816-822. 

29. P. Gupta, R. H. Gupta, W. B. Gurnule, Resin‐IV: Synthesis and characterization of 
terpolymers derived from 2‐hydroxyacetophenone, melamine, and formaldehyde. Appl. 
Polym. Sci 2020; 8: 156-162. 

30. R. H. Gupta, P. Gupta, W. B. Gurnule, Synthesis, Characterization, and 
Photoluminescence Properties of 2-amino 6-nitrobenzothiazole- Melamine-Formaldehyde 
Copolymer-Charcoal Composite. Int. J. Chem. Conf. 2019; 6: 101-107. 

31. R. H. Gupta, P. Gupta, W. B. Gurnule, Synthesis, Characterization, and 
Photoluminescence Properties of 2-amino 6-nitrobenzothiazole- Melamine-Formaldehyde 
Copolymer-Charcoal Composite. Int. J. Chem. Conf. 2019; 6: 101-107. 

32. S. P. Chakole, K. Nandekar, W. B. Gurnule, Photoluminescent studies of 2, 2'-
dihydroxybiphenyl, ethylenediamine-formaldehyde copolymer. J. Phys. Conf. Ser 2021; 
1913: 1–8. 

33. W. B. Gurnule, S. P Chakole, N.C Das, Copolymer resin. VII. 8‐hydroxyquinoline‐5‐
sulfonic acid–thiourea–formaldehyde copolymer resins and their ion‐exchange 
properties.Mat. Tod. Proc, 2020; 63: 1125- 1136. 

34. Y. U. Rathod, W. B. Gurnule. Synthesis, Characterization and Thermal Behaviour Studies 
of Terpolymer Resin Derived from 8- Hydroxyquinoline-5-Sulphonic Acid and 
Anthranilic Acid. Mat. Tod. Proc 2020; 6: 163-170. 

35. W. B. Gurnule, C.G Kohand, Chelation Ion‐Exchange Properties of a Copolymer Derived 
from 2‐Hydroxyacetophenone, Oxamide and Formaldehyde.Res. J. Pharm. Bio. Chem. 
Sci, 2018; 9: 393-402. 

36. El-shazly R, Kamal R, Nassar A, Ahmed N, Sayed G, The behavior of some terpolymers 
as lubricating oil additives Appl. Petro. Res. 2020; 10: 115. 



VOL-58, ISSUE -1, 2026 (Advanced Engineering Science) 

 

 965 

37. S. K. Mandavgade, W. B. Gurnule, Synthesis and chelate ion exchange properties of 
copolymer resin: 8-hydroxyquinoline-5-sulphonic acid- catechol-formaldehyde. Mat. 
Tod. Proc. 2022; 60: 1814-1818. 

38. V. R. Bisen, W.B. Gurnule, Thermodynamic and Kinetic Studies of the Removal of Cu 2 
and Mn 2 from their Aqueous Solution Using Copolymer Resin. Int. J. Curr. Eng. Sci. 
Res. 2019; 6: 1309–1316. 

39. N. Sidharaj, G. Rajarajan, M. Senthil, Synthesis, characterization and Ion-exchange 
properties of 4, 4 oxy-dianiline, 2, 6 diamino-pyridine with formaldehyde terpolymer. 
Mater. Today Proc. 2021; 42: 1030– 1036. 

40. W. B. Gurnule, H. D. Juneja, L. J. Paliwal, Ion exchange properties of 8-hydroquinoline-
biuret-formaldehyde tercopolymers. In. J. Chem, 2000; 39: 1110-1113. 

41. W. B. Gurnule, H. D. Juneja, L. J. Paliwal, Ion exchange properties of salicylic acid 
melamine formaldehyde terpolymer resin, Rev, & Fun. Polym, 2002; 50:95-100. 

42. W. B. Gurnule, P. K. Rahangdale, L. J. Paliwal, R. B. Kharat, Synthesis, characterization 
and ion exchange properties of 4- hydroxyacetophenone, biuret and formaldehyde 
terpolymer resins, Rev. Fun. Polym, 2003; 55: 255-265. 

 


