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AbstractFe(III)-IIPs material was prepared using a cooling-heating method with different leaching variations. The synthesis process usedseveral chemical components, including EGDMA, MAA, and BPO as the crosslinker, functional monomer, and initiator. This studyfocused on the template formation process of IIPs with leaching variations, using parameters such as molarity concentration, solutionmixture, and temperature to influence the amount of template formed in the polymer body. The spectra of XRD showed a wideningvalue of FWHM as higher molarity was applied during the leaching process, with the widest one at 0.163 rad for IIPs 3 M. Fe(III) peakis located at 680-610 cm−1 or 1386-1350 cm−1 within the unleached sample, according to FTIR spectra. It also can be traced atminimum intensity in leached samples. SEM data processing showed that higher concentrations were essential in releasing Fe(III)ions from the polymer body. Meanwhile, heat treatment did not strongly impact the template formation sites of IIPs. SynthesizedFe(III)-IIPs materials had adsorption capacity, optimum time, and efficiency of 9.35 mg.g−1, 40 minutes, and 93.48%, respectively.Based on the results, Fe(III)-IIPs materials had great potential as adsorbents for removing metal pollutants from water.
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1. INTRODUCTION

The rapid development of modern industries, including pes-
ticide fabrication and metals in the era of Industry 4.0, has
led to a significant increase in the presence of heavy metal
waste in the environment (Abbas et al., 2016) . In addition, the
quantification of heavy metal ions levels poses various chal-
lenges, impacting both the environment and human health.
Among the hazardous heavy metals prevalent in chemical and
hydrometallurgical industries, iron (Fe3+) stands out due to
its coexistence, capable of degrading the quality of industrial
products (Zhu et al., 2020) . The presence of Fe3+ metal ions
has been reported to exacerbate the quality of drinking water
due to the tendency to deposit sludge in air-exposed pipelines,
thereby altering the taste, odor, and color of the water. Accord-
ing to the World Health Organization (WHO), the maximum
allowable concentration of Fe3+ in drinking water is 0.3 mg.L−1

(Mahmoud, 2015) . To overcome this problem, several stud-
ies successfully developed conventional synthesis methods for
various materials with remarkable abilities to the ions from
aquatic sites. These methods include membrane technology

(Kasim et al., 2016) , chemical precipitation (Izadi et al., 2017) ,
ion-exchange (Bezzina et al., 2020) , coagulation (Wyns et al.,
2021) , and carbon adsorption using nanotechnology (Edianta
et al., 2023b) .

Several studies showed that adsorption methods offered
superior advantages compared to other conventional methods
due to their efficiency, flexibility, and high regeneration capabil-
ity. With these characteristics, adsorbent materials emerge as
fundamental remediation tools with excellent selectivity and ca-
pacity, particularly when dealing with a complex sample matrix
(Adibmehr and Faghihian, 2019) . Among the physical adsorp-
tion materials, Ion Imprinted Polymers (IIPs) have proven
to be effective in removing various heavy metal ions from
the environment. IIPs are advanced materials with significant
advantages, including excellent selectivity and sensitivity. In
addition, IIPs find applications as both adsorbents and electro-
chemical sensors, making them functional components with
high selectivity, relatively low cost, and efficient processing time
(Sala et al., 2022) . This has led to the widespread development
of these materials by several studies to eliminate or adsorb
various heavy metals in water, such as Al(III), Be(II), Ce(IV),
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Ni(II), As(III), Ru(III), Cr(VI), Cd(II), Cu(II), Co(II), Hg(II),
Pb(II) (Ahmadi et al., 2021; Cao et al., 2021; Chi et al., 2021;
Kong et al., 2021; Mhatre et al., 2021; Rais et al., 2021; Taheri
et al., 2021; Wang et al., 2022; Zhang et al., 2021; Zhao et al.,
2022) including Fe(III) metal ions (Mitreva et al., 2017) .

IIP has been widely used as a metal adsorbent material
with selective properties towards the targeted metal by attach-
ing to the printed polymer sites; various methods employed
using a solid absorbent for the extraction of ions in solution
such as ion exchange precipitation (Reis et al., 2024) and co-
precipitation solvent extraction chemical (Huang et al., 2024)
and biosorption could point extraction (Diale et al., 2023) , solid
phase-extraction (Rivaro et al., 2024) and on-line flow injec-
tion (Ricart et al., 2024) . Several studies on the development
of Fe(III)-IIPs have utilized dry nitrogen (Darmawan et al.,
2020; Mitreva et al., 2017; Roushani et al., 2016) to suck
up potential reactive gas from pre-polymerization solution.
This study aims to discuss the synthesis process of IIPs materi-
als for removing Fe(III) metal ions using the cooling-heating
method. The latest cooling heating method has been widely
researched to form active polymers that can recognize several
dangerous molecules in water, such as atrazine (Royani et al.,
2014) , melamine (Koriyanti et al., 2020) , and caffeine (Royani
et al., 2021) . Edianta et al. (2023a) conducted research in mea-
suring the concentration of Fe3+ ions by optimizing polymer
imprinted ions and utilizing Arduino Uno-based instrumen-
tation. Novianty et al. (2023) have also conducted research
on ion-imprinted polymers by optimizing the effect of acid
solution concentration on the Fe(III) ion extraction process
to determine the number of cavities formed in Fe(III)-IIPs.
The cooling-heating process utilizes temperature in the poly-
merization process by optimizing time, which is more effective
and cost-effective. The synthesis process was optimized and
characterized by speed fast, adjustability, and safety.

The synthesis process was optimized and characterized by
speed fast, adjustability, and safety. This study focuses on the
process of removing the active substance, serving as the tem-
plate for IIPs, with various leaching variations. The parameters
used during the procedure included molarity concentration,
solution mixture, and the influence of extraction temperature
on the amount of template formed in the polymer body. To
determine the physical properties and characteristics of the ma-
terial, IIPs were fully characterized using XRD to determine the
structure arrangement and crystal size. In addition, FTIR was
carried out to analyze the functional groups, chemical bonds,
and polymer transmittance percentage, while SEM was used
to determine the morphology and wide surface imaging of the
polymer. The experimental analysis of IIPs adsorption on Fe3+

metal ions was performed through physisorption and tested us-
ing AAS equipment to determine the remaining concentration
of Fe3+ metal ions after the adsorption process.

2. EXPERIMENTAL SECTION

2.1 Materials
The materials required in the synthesis process were iron(III)
nitrate nonahydrate (Fe(NO3) 3.9H2O) as the active substance
forming the template, methacrylic acid (C4H6O2) as the func-
tional monomer, benzoyl peroxide (C14H10O4) as a free rad-
ical initiator, ethylene glycoldimethacrylate (C10H14O4) as a
crosslinker, and various solvents, such as ethanol (C2H6O) as a
porogen solvent, distilled water, and deionized water as a pure
solvent and template cleansers, as well as hydrochloric acid
(HCl) as a solvent in leaching process. All materials used were
from Merck Germany.

2.2 Instrument
The characterization tools used to determine the material prop-
erties included the X-Ray Diffractometer (XRD) (Rigaku Mini-
flex 600 series) for identifying the crystal system arrangement
of IIPs samples, Fourier Transform Infrared (FTIR) Spec-
trometer (Nicolet iS10 series) for analyzing functional groups,
chemical bonds, and sample transmittance percentage, Scan-
ning Electron Microscope (SEM) (Tescan Vega III) for an-
alyzing the surface morphology of the samples, and Atomic
Absorption Spectroscopy (AAS) (Shimadzu AA-7000 series)
for analyzing the results of Fe3+ metal ions adsorption experi-
ment

2.3 Synthesis Process of Fe(III)-IIPs Using the Cooling-
Heating Method

Fe(III)-IIPs pre-polymer solution was prepared by dissolving
the template-forming active substance Fe(NO3) 3.9H2O, 0.404
g, in 40 mL ethanol solvent. Subsequently, methacrylic acid
(0.4 mL), ethylene glycoldimethacrylate (3.9 mL), and benzoyl
peroxide (0.07 g) were added sequentially to the beaker. Pre-
polymer solution was then homogenized using a hot plate and
magnetic stirrer for 90 minutes at a constant temperature of
25 ◦C. The solution was transferred into a vial and tightly
sealed for the cooling process in a refrigerator at -5 ◦C for 1
hour. The heating process was carried out using a furnace at
60 ◦C for 24 hours. The resulting solid polymer was then
ground and characterized using FTIR, XRD, SEM, and AAS.
Non-ion imprinted Polymer (NIP) was synthesized using the
same stages and procedures without the use of Fe(III) active
substance.

2.4 Leaching Process of IIPs on Fe(III) Metal Ion
Fe(III) polymer powder obtained was subjected to a washing
process: (1) A total of 0.3 gr Fe(III) polymer sample was
soaked in 3 mL ethanol for 4 hours, filtered, and soaked again
in ethanol, with 15 repetitions. (2) Polymer powder obtained
from stage 1 was soaked using deionized water and 1.5 mL
ethanol (1:20) repeatedly for 4 hours, with a total of 15 repeti-
tions. (3) Polymer powder obtained from stage 2 was extracted
with several acid solvent (HCl) parameters such as concentra-
tion/molarity, as well as the effect of temperature on template
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Table 1. Variations in the Leaching Process for the Formation of Fe(III)-IIPs Templates

Sample
Leaching Process Parameters

Solvent Volume (mL) Concentration (M) Temp. (◦C) Time (hour) Recurrence (times)

IIPs 3 M HCl 3 3 room 12 5
IIPs 1 M HCl 3 1 room 12 5

IIPs hot 1 M HCl 3 1 60 12 5
IIPs hot 1,5 M HCl 3 1.5 60 12 5

Table 2. Distribution of Fe(III) Crystal Sizes Calculated Using the Debye Schererr Equation

Sample Temperature of Heating 2𝜃 (◦) FWHM (rad) Crystal Size D (nm)

Ferryc Nitrate Room T 22.1 0.01395 10.120
Poymer Fe(III) unleached Room T 16.33 0.163105 0.857

IIPs 3 M Room T 15.6 0.16746 0.835
IIPs 1 M Room T 16.4 0.15874 0.880

IIPs hot 1 M 60 ◦C 16.4 0.15002 0.931
IIPs hot 1.5 M 60 ◦C 16.5 0.15229 0.919

formation in Fe(III)-IIPs, as shown in Table 1. (4) Each sam-
ple was given the same treatment, namely soaking in 3 mL
deionized water every 4 hours for 4 repetitions to neutralize
IIPs sample to pH 7.

The samples were then dried in a heating oven at a tem-
perature of 50°C for 1 hour. Subsequently, all 4 samples were
characterized using XRD, FTIR, SEM, and EDX.

2.5 Adsorption Experiment
Fe(III) metal ions adsorption experiments were carried out
using IIPs as experimental objects. Adsorption capacity (qt)
and absorption efficiency (%re) of IIPs materials towards Fe(III)
metal ions were analyzed using Equation (1) and Equation (2).

qt =
Ci − Ct
m

×V (1)

%re =
Ci − Ct
Ci

× 100% (2)

Ci and Ct are quantities that express the concentration of
the target metal ion, namely Fe(III), before and after undergo-
ing adsorption process using IIPs in ppm units. The instrument
used to confirm the presence of Fe(III) metal ions in solution
was the Atomic Absorption Spectroscopy (AAS). In this stage,
10 mg Fe(III)-IIPs materials were added to the 10 ppm Fe(III)
solution, stirred for several minutes, and left for varying ad-
sorption times of 20, 30, 40, and 50 minutes. In addition,
adsorption data was modeled into pseudo-first-order (PFO)
(3) and pseudo-second-order (PSO) (4) Equations.

qt = qe (1 − e−k1t) (3)

qt =
q2e k2t

1 + qek2t
(4)

The parameters used to assess the suitability of data with
non-linear modeling included AIC (Akaike Information Crite-
rion), BIC (Bayesian Information Criterion), and SE (standard
error estimate), which were calculated using Rstudio statistical
software.

3. RESULTS AND DISCUSSION

3.1 Analysis of Fe(III)-IIPs Materials Synthesis Process Us-
ing the Cooling-Heating Method

Fe(III)-IIPs materials were successfully synthesized using sev-
eral chemical components, such as Iron(III) nitrate nonahy-
drate, EGDMA, MAA, and BPO as the template-forming ana-
lyte, cross-linking polymer binder, functional monomer, and
initiator, respectively. The synthesis process of the material is
presented in Figure 1. Fe(III)-IIPs materials were processed
using the cooling-heating method. In the cooling process, cold
temperature was used to eliminate the oxygen content in the
pre-polymer solution, which served as an inhibitor for the inter-
action between Fe(III) metal analyte and functional monomer
during free radical polymerization. Subsequently, the heating
process caused the evaporation of ethanol in pre-polymer so-
lution. During the heating process, high temperature led to
an increase in the viscosity of pre-polymer solution over time.
After 24 hours, a stage change from pre-polymer solution to
the solidification stage occurred, leading to the transformation
of polymer solution into a perfect acrylic solid. This acrylic
solid was then ground to produce a powder, which was referred
to as Fe(III) polymer.

3.2 Analysis of Leaching Process in the Formation of Fe(III)-
IIPs Templates

Fe(III) polymer was subjected to a washing stage using deion-
ized water and ethanol before leaching. The use of ethanol as
a washing solution was carried out to remove any remaining
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Figure 1. llustration of the Synthesis and Sample Preparation of IIPs Using the Cooling-Heating Method with Leaching
Optimization Using HCl for Fe( III) Removal.

Figure 2. Sample Characterization Results: without Extraction
Process (black), 3 M Fe(III)-IIPs (red), 1 M Fe(III)-IIPs (blue),
1 M IIPs with Heating (green), and 1.5 M IIPs with Heating
(pink color)

chemical components that did not react with each other, such
as bonds between active substances and functional monomers
or cross-linking occurring during the cooling-heating process.
Furthermore, washing with deionized water neutralized the
sample and removed all impurities.

Leaching process was carried out after the washing stage was
completed. Leaching or extraction in this aimed to remove Fe
from polymer matrix. Leaching process of Fe3+ using HCl so-
lution effectively bound Fe(III) metal ions without dissolving or
damaging polymer matrix, which was a crucial part of the tem-
plate formation process in polymer (Kim et al., 2018) . As an
extraction solvent, HCl had several advantages over other acid
solutions. According to previous studies, low silica dioxide solu-
bility and selective crystallization towards metal ions, and could
be reused in leaching process (Valeev et al., 2018) . The use of
HCl in the extraction process allowed the solvent to dissolve

Figure 3. Results of FTIR Characterization of Unleached IIPs
and Leached IIPs Materials Using HCl Solution

more than 90% of Fe at atmospheric pressure by exploiting
the difference in reactivity between Fe and aluminum minerals
(Sokolov et al., 2021) . Leaching process caused a color change
from reddish-orange to a striking pale orange, which was no-
ticeable between before and after the process. This occurred
because H+ ions from HCl were covalently bound with Fe(III)
ions, which were factors contributing to the reddish-orange
color. The longer or repeated leaching process, the more H+
ions continuously bound with Fe(III) ions. This led to the
dissolution and reduction of the ions from polymer matrix, as
shown by the fading of the sample color (Novianty et al., 2023) .
When Fe(III) ions were lifted from polymer matrix, templates
or pores with shapes, properties, and characteristics, which
were almost identical to the physical and chemical structure
of the materials removed were formed (Royani and Abdullah,
2019) . With these characteristics, Fe(III)-IIPs materials exhib-
ited excellent selectivity towards Fe(III) metal ions, and upon
encountering these active substances again, IIPs immediately
recognized and bound the active substances in the template,
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Figure 4. Imaging the Surface Morphology of IIPs Samples with Variations in HCl Solution concentration and temperature (a) 3
M room Temperature, (b) 1 M Room Temperature, (c) 1 M at 60 ◦C, and (d) 1.5 M HCl at 60 ◦C

Figure 5. Distribution of Pore Size Distribution of Fe(III) Ion
Imprinted Polymers in SEM Imaging with a Magnification of
10,000 Times

commonly referred to as adsorption applications (Roushani
et al., 2016) .

3.3 Analysis of X-Ray Diffraction (XRD) Results
XRD characterization used to analyze the structure and crystal
size of Fe(III)-IIPs could be calculated using the Debye Scherer
equation as presented in Equation (5).

D =
k.𝜆
B cos𝜃

(5)

D represents the crystal size of Fe(III)-IIPs on a nanometer
scale. The Scherrer constant (k) in the formula above took
into account the particle shape and was generally considered
to be 0.9 (Royani and Abdullah, 2019) , 𝜆 is wavelength, and

B or FWHM is the full width at half maximum (Ullah et al.,
2020) . The crystal size distribution of unleached Fe(III)-IIPs
or Fe(III) polymer with polymer material that had undergone
washing with several parameters is presented in Table 2. The
synthesized Fe(III)-IIPs had a crystal size distribution on a
nanometer scale, indicating an increasingly extensive sample
surface. The distribution of nanometer-scale crystal sizes could
expand the sample surface contact, making the particles more
reactive with the solvent to enhance IIPs template formation
process. Extraction experiments with variations in temperature
increase indicated limited dissolution of Fe(III) analyte due
to the lower solubility of Fe in HCl (Jansen et al., 2011) . The
extraction process using HCl required a significant amount
of energy to interact directly with Fe(III) analyte in polymer
matrix, necessitating repetition. The solubilization of Fe in
the extraction process led to the formation of cavities in poly-
mer matrix known as templates without disrupting its crystal
structure, as shown in Figure 2. The results showed that there
was a matching of peak intensities and angle values between
IIPs samples with 1 M and 3 M variations and the heat-treated
sample.

IIPs samples without an extraction process (unleached) had
Fe(III) crystal structure that was similar to a monoclinic crystal
structure, where the presence of the active substance Fe(III)
in polymer body was still confirmed. Due to the extraction
process, the half-maximum peak width value decreased as the
crystal size of the sample increased apart from IIPs 3 M. The
FWHM value of IIPs 3 M was the widest compared to other
samples. A crystal grain size of less than 120 nm caused a
widening of XRD spectrum peak.

3.4 Analysis of FTIR Results
Figure 3 shows the characterization results of IIPs samples
using FTIR. Furthermore, there was wavelength agreement
among Fe polymer samples that had not been washed, includ-
ing IIPs 3 M, 1 M, 1 M hot, and 1.5 M hot. This indicated
that the washing process did not alter the chemical compound
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Table 3. Comparison of Iron Adsorption with Similar Studies

Monomer Inhibition Treatment Equilibirum Adsorption Percent References
Time (min) Capacity (mg.g−1) Removal

methyl methacrylate Atmospheric nitrogen 60 122.30 No data (Darmawan et al., 2020)
4-vinylpyridine Dry nitrogen 20 1.60 98% (Mitreva et al., 2017)
methacrylic acid Atmospheric nitrogen 15 40.41 95% (Roushani et al., 2016)
methacrylic acid -5 ◦C refrigerator-storage ∼1h 40 9.35 93% This study

Table 4. PFO and PSO Equation Parameters in Fe(III) Ad-
sorption

Adsorption Kinetic Equation Parameter Results

PFO-Nonlinear Model qe (mg.g−1) 9.348
AIC 11.489
BIC 10.261
SE 0.873

RSE 10.744%
PFO-Linear Model k1 (min−1) 0.0707

R2 98.78%
PSO-Nonlinear Model qe (mg.g−1) 9.348

AIC 15.625
BIC 14.398
SE 1.463

RSE 18.019%
PSO-Linear Model k2 (g.mg−1.min−1) 0.024

R2 57.657%

arrangement and the functional groups of the materials. The
results revealed that the extraction process influenced the per-
cent transmittance produced for each functional group in the
samples. In the wavenumber range of 1485-1445 cm−1, the
presence of the C H functional group, which was the methy-
lene group, was confirmed. This functional group indicated
the presence of methacrylate acid composition as a success-
fully synthesized functional monomer in polymer matrix. In
addition, the crosslinker compound EGDMA could be ana-
lyzed through C O functional group at wavenumbers between
1300-1000 cm−1. BPO compound as an initiator could be
identified through the presence of C O functional group lo-
cated at wavenumbers between 1750-1705 cm−1. Both C O
and C O functional groups were part of the carboxylic acid
group. In the unleached Fe(III) polymer sample, the presence
of Fe(III) metal ions was confirmed. This could be analyzed
through functional groups located at wave numbers 680-610
cm−1 or 1386-1350 cm−1, which was part of the group of com-
mon inorganic compounds (Huang et al., 2010) . IIPs samples
that had undergone a washing process using HCl solution also
contained functional group, indicating the presence of Fe(III)
ions in IIPs samples. This provided information that the ex-
traction process did not remove Fe(III) metal ions completely.
In NIP polymer, there was no indication of the presence of
Fe(III) ions, as shown in Figure 3.

3.5 Analysis of SEM Results
SEM-EDS characterization was carried out to assess the sur-
face morphology of Fe(III) polymer samples after washing
and extraction processes using HCl solution with and without
temperature variations. Figure 4 shows the surface structure
of IIPs with a widely dispersed size distribution at a magnifi-
cation of 10,000 times. The successfully synthesized IIPs had
cavities on the surfaces that accumulated in different amounts
for each extraction variation. The analysis of the number of
cavities/pores formed in IIPs could be performed using digital
calculation methods, such as Matlab software for analysis us-
ing Poredize. Poredize method comprised segmentation and
estimation of the physical properties of the material. The seg-
mentation process divided SEM imaging colors with pores as
binary number 1, and binary number 0 for polymer matrix
that was not a pore.

Due to the extraction process, IIPs materials had the most
widespread pore size distribution on the nanometer scale (<100
nm) (Figure 5). The 3 M IIPs had the highest total number of
pores, namely 1041, with 96.64% being accumulated on the
nanometer scale. The increasing number of pores indicated
a larger surface area, making each particle more reactive to-
wards an analyte to fill the template in polymer matrix. This
was crucial in adsorption applications that could enhance the
recognition sites for better targeting of ion. The surface of IIPs
sample with an increasing number of pores significantly influ-
enced the improvement of adsorption capacity of the material
(Zhu et al., 2020) .

3.6 Fe(III)-IIPs Adsorption Experimental Analysis
Adsorption capacity of the material was analyzed using Atomic
absorption spectroscopy (AAS) through Equation (1) and Equa-
tion (2) to calculate the efficiency of Fe(III) metal ion adsorp-
tion in the solutions. The adsorption process occurs through
physical or physisorption, where Van der Waals forces lead
to the electrostatic attraction between molecules and fluid in-
teractions on the surface of Fe(III)-IIPs pores (Belmabkhout
et al., 2016; Xia et al., 2019). Each analyte ion in the solution
filled the reactive surface pores of IIPs, which had physical
properties and characteristics similar to the target ion. This
was because the reactive surface pores of Fe(III)-IIPs, due to
the distribution of crystal sizes on the nanometer scale, made
the material more selective towards ion movement.

Table 3 shows a comparison of iron adsorption among sev-
eral similar studies. The equilibrium time has been reached at
40 minutes adsorption, with a total of 93% Fe(III) ions being
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Figure 6. (a) Fe(III) Ion Adsorption Efficiency and (b) Fe(III)-IIPs Adsorption Capacity Modeling

adsorbed. Eventually, we still suffered from relatively low ad-
sorption capacity compared to others, with the maximum at
9.35 mg.g−1. The preferable visual representation was shown
in Figure 6, where (a) a bar chart of adsorption capacity and
efficiency was presented and (b) adsorption modeling to the
PFO and PFO equation. However, it still needs further studies
to maximize the potential of Fe(III)-IIPs as selectively adsor-
bent for Fe(III), with optimization in the pH of the adsorbate
solution (Palapa et al., 2023) .

The assessment parameters used, namely AIC, BIC, and
SE, had smaller values in the PFO model compared to the
PSO model, indicating a good fit of the model to the data (Mo-
hammed et al., 2015; Spiess and Neumeyer, 2010). Therefore,
the adsorption process of Fe3+ ions by Fe(III)-IIPs followed
the PFO equation. To strengthen this information, modeling
was also performed on the linear equations of PFO and PSO,
showing higher R2 values for the PFO-linear model. Table 4
shows the calculation results of the applied parameters.

Adsorption kinetics explained the transfer of adsorbate dur-
ing adsorption process and the factors influencing adsorption
rate over time (Ahmad et al., 2022) . Adsorption of Fe3+ ions on
the surface of Fe(III)-IIPs occured through physisorption, as it
followed PFO model, which reinforced the statement discussed
above (Sha’arani et al., 2019) .

4. CONCLUSIONS

In conclusion, variations in HCl concentration and heat treat-
ment in leaching process of Fe(III) were conducted in the
synthesis of IIPs based adsorbent material. XRD characteri-
zation results showed that variations in the concentration of
the solvent and heat treatment in the process did not alter the
crystal structure of Fe(III) but impacted the distribution of
crystal size in IIPs, approaching the nanometer order. FTIR
data indicated that IIPs compound remained stable after the
extraction process. In addition, this process did not change the

compound or its functional groups but increased the transmit-
tance percentage value of the sample, providing information
that the removal process of Fe(III) metal ions was improving.
The number of pores in the samples produced after extraction
was analyzed using Matlab software using Poredize. The results
revealed that each sample had a greater accumulation at the
nanometer size. The number of pores in the order of <100
nm was dominated by IIPs with the largest extraction solvent
(3 M), totaling 1006 pores. Meanwhile, the results of adsorp-
tion experiment showed that IIPs 3 M material had adsorption
capacity of 9.35 mg.g−1 and a Fe3+ ions absorption efficiency
of 93.5% with an optimum time of 40 minutes. Adsorption
process followed PFO equation, where the process occurred
through physisorption. Based on the results, it could concluded
that IIPs materials had significant potential in the monitoring,
control, and removal of hazardous heavy metal ions in the
environment.
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