
1. Introduction
Dyes in wastewater can be harmful to people and 
the environment. They can be toxic, mutagenic, 
or carcinogenic. Water contamination is common 
because industries release a lot of dyes into the 
environment [1]. Removing dyes from wastewater 
is a big challenge. Many methods have been 
tried, including coagulation, oxidation, membrane 
filtration, and adsorption [2]. Adsorption stands 
out among these methods for removing dyes 

from wastewater because it’s simple, easy to use, 
affordable, and effective. Polymeric sorbents, 
which can be customized in many ways and 
easily handle organic pollutants, are particularly 
promising [3]. Epoxy resins, a synthetic material, 
have been underused in designing adsorbents for 
dye removal. They’re cheap, stable, and can be 
modified to have the right properties. While epoxy 
resins are increasingly used in other fields, they’ve 
seen little application in wastewater treatment. 
This is an area worth exploring further [4]. Epoxy 
resins get cross-linked when the resin reacts with 
a specific crosslinker’s functional groups (oxirane 
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rings). The linear resins in the curing process change 
into a spatially network, which makes the polymer 
gain many specifications such as high mechanical 
strength, hardness and brittleness, high chemical 
resistance and electrical isolation, good adhesion 
to metals, glass, wood and others [5]. Due to its 
basicity and nonhydrolyzability, ligation chemistry 
with low molecular weight amines such as ethylene 
diamine and diethylene triamine is also interesting. 
Consequently, it would be intriguing to create and 
synthesize polymeric network-type sorbents that 
combine the structural characteristics of amines 
and epoxy [6].  Recently, a novolac - based network 
polymer with ethylenediamine units was studied for 
its potential to remove azo dyes. Adding these units 
and using the polymer’s chemical properties, a new 
version with diethylenetriamine sites is needed for 
better dye removal [7]. It would be exciting to make 
polymeric network sorbents that combine the best 
features of epoxy resins and amines. Epoxy resins 
are ideal because they’re cheap, stable, and easy 
to modify. They have many uses and can be made 
into unique structures.  Cross-linkable epoxy resin 
is perfect for creating these new sorbents. Having 
multiple functional groups like amino, hydroxy, 
and ether in the network could help remove dyes 
more effectively [8]. Numerous techniques, such 
as extraction, micro-solid phase extraction, micro 
column preconcentration, UV semi-degradation, 
advanced oxidation, photocatalytic degradation–
adsorption process, adsorption, and membrane 
filtration, have been proposed to treat industrial 
sewage in recent years. Each technique has pros 
and cons and removal efficiency [9-13]. The Fenton 
process is one of the best methods for eliminating 
organic contaminants since it is easy to use and 
maintain, has a high oxidation power, oxidizes 
quickly, and uses less energy when iron catalyst is 
present.
The research approach involves introducing 
various amine compounds units and utilizing 
polyfunctionality to promote adsorption within 
the network for the adsorptive removal of cationic 
Acridine Orange (AO) dye and comparing 
adsorption systems with the Fenton process.

2. Experimental
2.1. Material
Epoxy resin (Diglycidyl ether of bisphenol A) and 
commercial hardener polyamine were purchased 
from Kuwait Corporation Chemical Supplier in 
KUWAIT. 4-aminopyridine (CAS Number:  504-
24-5), 3,3-diaminobenzidene (CAS Number:  
7411-49-6) was obtained from RDH Chemical 
Company, Germany, and 4-aminobenzoyl 
hydrazine (CAS Number: 5351-17-7) and Acridine 
Orange (CAS Number: 65-61-2) dye from Sigma, 
Germany. Dimethyl formamide (CAS Number: 
68-12-2) DMF from Fluka, Germany. Ethanol, 
Methanol and 1,4-dioxane from Alpha Chemika, 
India.. The dye has a molecular formula and weight 
of C17H19N3 and 265.36 g·mol−1 respectively. The 
dye stock solutions were prepared in concentration 
(1000 mg L-1) using double distilled water. The 
pH was adjusted through dilute solutions (0.1-
0.01 mol L-1) of NaOH and HCl from VWR.  
Fourier-transform infrared spectroscopy (FT-
IR) was recorded on Shimadzu, FTIR-8400S 
spectrometer/Japan as KBr pellets, and Thermal 
Gravimetric Analysis (TGA) was also applied to 
determine the weight loss behavior of the epoxy 
resin with various amino compounds as curing 
agents. 
The AO dye absorbance was measured at a 
wavelength of 492nm, using a UV-visible 
spectrophotometer (PG Instrument T80 + UV/VIS). 
The removal efficiency of dye was expressed as a 
percentage (%Removal Efficiency) for the Fenton 
approach, Equation1, while the amount of AO 
dye adsorbed per unit weight of the adsorbent at a 
specific time, q (mg g-1), was determined through 
the utilization of Equation 2.

(Eq.1)

(Eq.2)



102 Anal. Methods Environ. Chem. J. 8 (1) (2025) 100-114

Where, Ce and C0 are references to the concentration 
at temperature (T) and initial concentration of AO 
dye in (mg) per (L), V represents the volume of 
the dye in (L), while M is the weight of the epoxy 
adsorbents in (g).

2.2. Preparation of Hardener Epoxy Resin 
2.2.1.Preparation of cured Epoxy resin for 
4-aminopyridine (E1)
A mixture of epoxy resin (2.6 g), 4-aminopyridine 
(1.34 g), 1,4-dioxane (4.8 mL), and methanol (2.4 
mL) was refluxed at 95-100 °C for 3 hr. The cured 
product was purified by thoroughly washing with 
dioxane/methanol several times. Cured epoxy was 
collected and crushed as a particle for identification 
and characterization [14].

2.2.2.Preparation of cured Epoxy resin for both 
3,3-diaminobenzidine (E2) and 4-aminobenzoyl 
hydrazine (E3)
Epoxy resin 5 mL (Diglycidyl ether of bisphenol 
A) dissolved in solvent 70 mL DMF. Then 
amino compounds (3,3-diaminobenzidene or 
4-aminobenzoyl hydrazine) were added at 250 °C, 
the mixture was cast on the petri-dish uniformly. 
The petri-dish was dried in a hot air oven at 150-155 
°C and left in a hot oven for 1 hr. The cured epoxy 
resin was taken out and washed with DMF several 
times. Then cured epoxy was crushed as a particle 
for identification and characterization [15-17].

2.2.3.Preparation of cured Epoxy resin for 
polyamine (E4)
Epoxy resin and polyamine (curing agent) were used 
in a 3:2 equivalent ratio (excess quantity of agent 
was used to ensure remaining free amino groups), 
mixed together until a homogeneous mixture was 
well blended. Next, the mixed system was washed 
with ethanol several times to remove trace unreacted 
polyamine, then poured into the metal mold and left 
in a hot air oven at 100°C for 4 h. Finally, the cured 
system was ground and collected for identification 
and characterization. Figure 1 represented prepared 
hardener epoxy compounds [18].

2.3. Degradation of Acridine Orange by Fenton 
Process 
In this study, four variables: pH (2-12), contact 
time (2-20) minutes, dye concentration (100-
1200 mg L-1), and ratio of Fenton reagent (1:0.5 
- 1:10) were considered. The four steps of this 
method were completed at room temperature: 
Initially, the ideal dye concentration investigated 
using a range of color concentrations at pHpzc, 
a 5-minute contact period, and a 1:1 H2O2/Fe2+ 
ratio. Various dye concentrations (100, 200, 400, 
600, 800, 1000 and 1200 mg L-1 ) were created 
in this phase. Following this, the samples were 
centrifuged for five minutes. The filtrate was then 
moved to a spectrophotometer to determine the 
remaining dye concentration and the absorbance 

Fig. 1. Structures of prepared hardener epoxy E1-E4
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measured at 492nm. Six different pH values (2, 
4, 6, 8, 10 and 12) were studied in the second 
step to investigate the optimum pH. By fixing 
the optimum dye concentration (800 mg L-1 from 
the previous step), other variables, namely the 
reaction time (5 minutes) and the H2O2/Fe2+ 
ratio (1:1) were kept constant like the first step. 
In this step, the optimum pH was determined 
4. The optimum H2O2/Fe2+ ratio determined by 
applying six deferent ratios (1:0.5, 1:1, 1:2, 
1:4, 1:8, 1:10) under the optimum conditions, 
namely C0=800 mg L-1, pH 3, and 5 minutes 
of reaction time. After centrifugation for 5 
minutes, method solutions were transferred to 
the spectrophotometer and the optimal ratio of 
1:4 was obtained for H2O2/Fe2+. In the last 
Fenton optimization step, the reaction time of 
Fenton degradation was studied at five different 
times (2, 5, 10, 15, 20 minutes). 

2.4. Batch Adsorption Experiments
Batch adsorption experiments of AO dye were 
conducted to assess the adsorption parameters 
and factors influencing the adsorption. A 100mL 
solution (500.0 mg L-1 of AO dye) kept in contact 
with 100.0 mg of adsorbents E1, E2, E3 and E4 
by a thermostat shaker at 25 °C and 245 rpm for 
a specific period (15–180 min). After the end 
of each agitation time, the epoxy resins were 
separated from the solution by simple filtration. 
The remaining amount of AO dye was determined 
by UV– visible spectroscopy at 492nm [19,20].

2.5. Characterization of Prepared Epoxy 
Resins
2.5.1.Fourier transform infrared spectroscopy 
(FTIR)
Based on Figure 2,  the FTIR spectrum of epoxy 
resin (Neat) shows bands at 3402 cm-1 and 916 cm-1 
wavenumber bands, which indicate the presence 
of (OH) and epoxy ring CH2-O-CH. Also, band 
at 3049 cm-1 assigned to the -CH-(O-CH2) epoxy, 
band at 1028 cm-1 to the -C-O-C- present in the 
structure. The vibration of C-O bonding of the 
hydroxyl group can be observed at 1028 cm-1. 

For 4-Aminopyridine (E1) the bands observed 
at 3342, 3236, and 1658 cm-1 are attributed to 
the N–H asymmetric, symmetric, and in-plane 
deformation stretching vibration v, respectively. 
Band at 2923 cm-1 is assigned to the C-H aliphatic 
stretching. Band at 1603 cm-1 is related to the 
C=N stretching vibration of the pyridine ring. 
Two absorption bands at 1504 and 1456 cm-1 
were observed, attributed to the C=C stretching 
vibration of the pyridine. The presence of the 
aminopyridine units was further substantiated 
with the appearance of C–N stretch band at 1384 
cm-1 [21]. The FTIR study of cured epoxy resin 
with 3,3-diaminobenzidine (E2) of the cured 
epoxy resin shows broad band appearance at 
3350 cm-1, which is from N–H secondary amine 
and primary hydroxy group stretching vibration, 
also there were no band at 916 cm-1 (band due to 
epoxy groups) [22] as represented by Figure 3. 
The FT-IR spectrum of epoxy-4-aminobenzoyl 
hydrazine (E3) was shown in Figure 4. Due to 
conjugated effect between carbonyl and benzene, 
the carbonyl C=O absorb at lower frequency 
1658 cm1 contribute to stretching vibration of 
benzoyl hydrazine. The absorption band at 1288 
cm-1 was mixed, including C-N and N-H bending 
stretching vibration. The epoxy group (Oxirane 
ring) band 916 cm-1 was reduced [23]. For 
Polyamine (E4) the bands of the epoxy group 
at 3049 cm-1 and 916 cm-1 decrease during the 
curing process, as shown in the FTIR spectrum 
(Fig. 5). The bands for aliphatic -CH2 bending 
and -CH3 symmetrical and asymmetrical 
vibrations are observed between 2300-2400 cm1 
for both the polyamine. Polyamine containing 
a distinct broad N–H stretching absorption 
around 3363 cm-1, while the epoxy resin has a 
band at 3402 cm-1, which belongs to hydroxyl 
stretching vibration. However, it is difficult 
to evaluate the band attributed to polyamine 
stretching vibration, due to the overlapping 
with the epoxy resin stretching bands. Like 
agents above, the curing was confirmed that the 
relative intensity of the oxirane ring band (916 
cm-1 )  disappeared [24].
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Fig. 2. FTIR spectra for 4-Aminopyridine (E1) 

Fig. 3. FTIR spectra for 3,3-diaminobenzidine (E2)

Fig. 4. FTIR spectra for 4-aminobenzoyl hydrazine (E3)

Anal. Methods Environ. Chem. J. 8 (1) (2025) 100-114
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2.5.2.Thermogravimetric analysis (TGA)
A thermogravimetric analysis (TGA) was used to 
determine the epoxy resin’s weight loss behavior 
with various amino compounds as curing agents. 
The degradation process was run at a maximum 
temperature of 550 oC in an inert atmosphere. The 
crosslinked resin’s weight loss was calculated, and 
Table 1 displays the weight loss rates as a function 
of temperature. E1-E4 were thermally stable at 
200 ◦C of EDAB and EAPy and 350 oC of EABH 
and EPAm. They decompose in a single step in the 
215 to 360°C. Furthermore, it is evident from the 
curves analysis that the inclusion of aromatic rings 

improves thermal stability, especially true of EDAB, 
which develops char content around 20% after 
reaching the temperature above 550 oC. The products 
have a slight mass loss due to physically adsorbed 
water on the EABH surface, visible at temperatures 
between 98 and 100 oC. As shown in the results data 
listed in Table 1, thermal stability of resins occurred 
when the 3,3-diaminobenzidine reacted with epoxy 
resin due to diaromatic rings (char content 20%). 
Compared with curing epoxy resin by commercial 
polyamine hardener, which had a lower char content 
of 5%, this may have returned to the aliphatic nature 
of polyamine chemical structure. 

Table 1. Thermal Gravimetric Analysis (TGA) of Epoxy systems

CC% (550 oC)RD (%/min)TWL (oC)WL%UDT (oC)Epoxy Resin

204.2
33025

215E1 36550
49075

74.31
34025

235E2 37550
41075

143.58
15825

363E3 39050
46075

510
36025

360E4 38050
41075

UDT: Ultimate Decomposition Temperature oC
WL%: Weight Loss%
TWL: Temperature at Weight Loss oC
RD: Rate of Decomposition %/min
CC%: Char Content %

Fig. 5. FTIR spectra for polyamine (E4)

Adsorption and Determination of AO Dye by UV– visible spectroscopy            Saja H. Muhammed et al
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3. Results and Discussion 
3.1. Degradation of AO dye by Fenton Process
3.1.1.Effect of Dye Concentration
Figure 6 illustrates the effect of dye 
concentration on the removal efficiency, when 
the dye concentration was between 100-400 
mg L-1, the removal percentage was obtained at 
99.0-89.7%, respectively. However, when the 
dye concentration increased, the removal rate 
decreased; therefore, 800.0 mg L-1 dye solution 
was chosen as the initial dye concentration 
(C0), corresponding to about 60% removal. 
The concentration that corresponds to this 
ratio was chosen because it can be increased 
when examining the trade-off process for other 
factors like pH, the H2O2/Fe2+ ratio, and contact 
time. Such outcomes were likewise attained by 
Fahimeh Moghadam et.al. [25].

3.1.2.The Effect of pH in the Dye Removal  
Studying the effect of pH value is an essential point 

in the Fenton process [26]. According to the results 
obtained, Figure 7 shows that the maximum dye 
removal efficiency was observed at pH 4, and the 
high removal efficiency was obtained in the low 
pH values (acidic). Iron ions were often insoluble 
under acidic media conditions, giving hydroxyl 
radicals a potent oxidizing ability. Acids contribute 
to hydrogen peroxide’s stability. Studies show 
that pH values of 3 to 4 are optimal for Fenton 
tests because higher or lower pH values allow the 
ferrous (Fe3+) ions to be liberated as sludge from 
the reaction media [26,27]. When pH exceeds 
3, Fe3+ precipitates as Fe(OH)3 and decomposes 
H2O2 into H2O and O2. In chemical processes, the 
concentration of iron ions is reduced by elevated 
pH levels [28]. On the other hand, ferric ion 
precipitation in the form of hydroxide can lead to 
high pH values. In this instance, iron converts H2O2 
into H2O and O2 [29], and the oxidation rate of the 
oxidation process becomes less due to the decrease 
of hydroxyl radical [30].

Fig. 6. Effect of AO dye initial concentration on removal efficiency

Anal. Methods Environ. Chem. J. 8 (1) (2025) 100-114



107

3.1.3.Effect of H2O2/ Fe2+ Ratio in the Dye 
Removal  
The optimization study for ratio of H2O2/ Fe2+ in 

Figure 8, indicates that the maximum removal 
efficiency gets at ratio 1:4 and then decline in trend 
in the ratio of 1:8 to 1:10, this behavior is explained 
by the fact that H2O2 cannot oxidize AO dye in the 

absence of iron ions; instead, the presence of ferrous 
(Fe3+) ions caused the (OH) radical to develop, which 
in turn triggered the oxidation process.  Controlling 
the ferrous ion concentration in the Fenton reaction 
is crucial and highly influential since, in contrast, 
excessive H2O2/Fe2+ ratios exceeding 1:4 led to a 
decrease in the efficiency of dye degradation.

Fig. 7. Effect of dye solution pH value on removal efficiency

Fig. 8. Effect of H2O2/Fe2+ ratios on removal efficiency

Adsorption and Determination of AO Dye by UV– visible spectroscopy            Saja H. Muhammed et al
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3.1.4.The Effect of Time on the Dye Removal  
The effect of time on AO dye removal efficiency 
was applied at optimal conditions obtained in 
previous experiments. The results showed that, 
when reaction times increased from 2 to 10 
minutes, the removal efficiency first showed 
an ascending trend, but later on, because of 
intermediate compounds formation that reacted 
with (OH) radicals, quench potential and 
eliminate hydroxyl [31]. Within the initial few 
minutes of the Fenton reaction, a significant 
amount of hydroxyl free radicals are created 
[32,33]. However, the degree of color removal 
decreases significantly over time due to the 
generation of hydroxyl radicals [34]. The impact 
of reaction time on the elimination of AO dye is 
shown in Figure 9.

3.2. Adsorption of AO dye onto prepared 
Hardener Epoxy Resin
3.2.1.Effect of pH
For all adsorbents, the impact of pH on the adsorption 
capacities (qe) was investigated at an initial AO dye 
concentration of 500.0 mg L-1. The pH influence of the 
adsorption capabilities at various pH values ranging 
from 2.0 to 12.0 at 25°C is shown in Figure 10.
The data indicates a notable increase in AO dye 
adsorption from 2.0 to 10.0 pH, with adsorption 
capacity remaining constant at 12 for adsorbents 
E1-E4. However, with the increasing pH values, 
this fact was also reported by other studies [33]. 
Adsorption of adsorbents tends to be favorable 
with rising pH values, because the electrostatic 
attraction between adsorbate species of cationic 
dyes (AO) increased.

Fig. 9. Effect of reaction time on removal efficiency

Anal. Methods Environ. Chem. J. 8 (1) (2025) 100-114
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3.2.2.Agitation time effect on the adsorption
Figure 11 shows the influence of shaking time 
on the adsorption of AO dye at pH 10.0 onto 
adsorbents E1-E4. The adsorption of AO increases 

sharply for a period of time (15–60 min), and then 
the trend reaches a steady state within a period of 
time (60–180 min) for all adsorbents.

 Fig. 10. Effect of dye solution pH value on adsorption capacity

Fig. 11. Effect of agitation time on adsorption capacity

Adsorption and Determination of AO Dye by UV– visible spectroscopy            Saja H. Muhammed et al
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3.2.3.Adsorption Isotherm 
The distribution of molecules between the liquid 
and solid phases at equilibrium is displayed by the 
adsorption isotherm. One of the most important 
steps in determining which model best describes 
the adsorption process is to analyze the isotherm 
data by plotting the data to various isotherm 
models [34]. The experimental data in this work 
are analyzed using the Langmuir and Freundlich 
models. The limitation of the Langmuir isotherm is 
the maximum adsorption that fits with the saturated 
monolayer of liquid (adsorbate) molecules on the 
solid (adsorbent) surface [35]. Figure 12 exhibits 
the plots of Langmuir adsorption isotherms. The 
linearized form of the Langmuir model is given in 
Equation 3.

                                         (Eq.3)

The heterogeneous exponentially decaying 
distribution that underlies the Freundlich isotherm 
[35] fits the tail region of the heterogeneous 
distribution of adsorbed nicely. The empirical 
equation for a general Freundlich isotherm is as 
Equation 4. 

(Eq.4)

where KF (L mg-1) is a constant for the adsorption 
or distribution coefficient, and it reflects the 
adsorption capacity at equilibrium concentration, 
Freundlich adsorption isotherms represented in 
Figure 13, Table 2 displays results obtained from 
the isotherm study.

Fig. 12. Langmuir model adsorption isotherms for AO dye onto E1-E4

Table 2. Langmuir and Freundlich Isotherm Parameters for Adsorption of AO dye onto E1-E4 at 25◦C.

Adsorbents
Langmuir      Freundlich

qmax KL R2     KF                   n                   R2

E1 980.39 0.0019 0.9989 15.376 1.8228 0.9883
E2 1515.2 0.0014 0.9969 10.305 1.5221 0.9944
E3 1694.9 0.0015 0.9918 11.353 1.4921 0.9879
E4 1851.9 0.0029 0.9898 25.237 1.6255 0.9927

Anal. Methods Environ. Chem. J. 8 (1) (2025) 100-114
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3.3. Performance Evaluation 
The maximum adsorption capacity of AO dye has 
been compared with the literature values of other 
adsorbents and listed in Table 3. All of the methods 
used for AO have considerably higher max values 
than the adsorption onto thermosetting epoxy resin 
E1-E4 used in this study. 

4. Conclusion
This study employed adsorption and Fenton 
methods for removal of cationic AO dye, the 
efficient removal from aqueous solutions by using 
the new hardener epoxy resins E1-E4 as adsorbents. 
The maximum adsorption of AO was obtained 
at pH 10. From closed R2 values to one of the 

Fig. 13. Freundlich model adsorption isotherms for AO dye onto E1-E4

Table 3. Summary of AO adsorption capacities of various adsorbents

Type of adsorbent qmax , (mg g-1) Reference

BG/GO; IL-MWCNTs; CQDs 200-350 [36-38]

sugar beet pulp 324.85 [39]

Gt/Cu-AC np 95.43 [40]

MGA-PP-RFHN 202.63 [41]

dry biomass of Bacillus cereus 210.46 [42]

Watermelon rinds 69.44 [43]

E1 980.39 This Study

E2 1515.2 This Study

E3 1694.9 This Study

E4              1851.9                 This Study

BG/GO; IL-MWCNTs; CQDs: Bismuth oxide coupled to heterogeneous graphene/graphene oxide; Ionic liquid 
coated on MWCNTs; Carbon Quantum Dots 
Gt/Cu-AC np: Green tea/copper-activated carbon nanoparticles 
MGA-PP-RFHN: Mesoporous glutamic acid-g-polyacrylamide/plaster of paris/riboflavin hydrogel nanocomposite

Adsorption and Determination of AO Dye by UV– visible spectroscopy            Saja H. Muhammed et al
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Langmuir model plots for all adsorption systems, 
we concluded the chemosorption mechanism. From 
the calculation of the Langmuir equation (qmax), 
values for E1-E4 were 980.39, 1515.2, 1694, and 
1851.9 mg g-1 respectively. On the other hand, the 
optimum parameters of the Fenton process were 
investigated: pH =3, H2O2/Fe2+ ratio of 1:4, contact 
time = 10 minutes, and the dye concentration of 
800mg.L-1 was obtained. In addition, the results 
showed that the initial dye concentration influenced 
the concentration of hydrogen peroxide and iron 
sulfate. The percentage of Acridine Orange removal 
was 81.87%, and the results of this study showed 
that the Fenton process was a practical approach to 
remove AO dye from its solution.
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