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A B S T R A C T   

1-butyl-3-methylimidazolium bis(triflouromethylsufonyl)imide functionalization to Na-X zeolite (IFZ) is the 
primary goal of this study in order to evaluate its ability to remove heavy metals (Cd2+), (Zn2+), dyes Rhodamine 
6G (R6), and Alizarin Red S (AR) from aqueous streams. IFZ was thoroughly examined using analytical tech
niques XRD, BET, FE-SEM, and FTIR, to better understand its physical and chemical properties. The surface area 
and the volume of pores (IFZ; 19.93 m2/g, 0.0544 cm3/g) were reduced in comparison to the parent zeolite (Na- 
X; 63.92 m2/g, 0.0884 cm3/g). According to SEM, the crystal structure of the zeolite (Na-X) has not been 
significantly altered by XRD analysis. The mechanism, kinetics, isotherms, and thermodynamic properties of 
adsorption were all studied using batch adsorption experiments under various operating conditions. IFZ adsorbs 
dyes (AR; 76.33 mg/g, R6; 65.85 mg/g) better than metal ions (Cd2+; 30.68 mg/g, Zn2+; 41.53 mg/g) in acidic 
conditions. The Langmuir isotherm and pseudo-second order models were found to be the most accurate models 
for equilibrium data. Adsorption is endothermic and spontaneous, as revealed by the thermodynamics of the 
process. The IFZ can be used in three (Cd2+), two (Zn2+), four (AR), and five (R6) cycles of desorption and 
regeneration. For these reasons, IL-modified zeolite can be used to remove multiple types of pollutants from 
water in one simple step.   

1. Introduction 

Water is a vital component of climate adaptation, as it is required for 
the maintenance of healthy ecosystems, the production of food and 
energy, and the maintenance of life itself. In addition, it has been an 
indispensable link between human living in the environment and the 
core of sustainable socioeconomic development (Gollakota et al., 2021). 
Hence, there must be a balance between water quality and quantity, 
which is important for industrial, agricultural, and domestic uses. Un
fortunately, the blue planet has experienced water scarcity in recent 
years, which has been aggravated by water contamination from every 
imaginable source. Primarily, unregulated human activities, such as 
enormous discharges of polluted streams from transportation and in
dustry, have serious effects on water quality (Gollakota et al., 2019). 

Focusing on industrial discharge streams with higher concentrations of 
hazardous metal traces, toxic synthetic dyes, etc., were seen as the 
principal dangers to aquatic ecosystems. Particularly, heavy metals 
(HM) such as Cd and Zn, as well as toxic synthetic dyes (SD) such as 
Alizarin Red S (AR) and Rhodamine 6G (R6), are detrimental to human 
and aquatic life because to their non-biodegradability, bioaccumulation, 
and bio magnification at even low doses (Mohan and Gandhimathi, 
2009). Notably, Cd (II) and Zn (II) ions, which are among the most 
carcinogenic heavy metals, tend to disrupt the nervous system. More
over, these HMs cannot be biodegraded and have soil residence periods 
of hundreds of years; they accumulate in organisms. Similarly, SDs have 
carcinogenic effects on human health and disrupt the aquatic photo
synthetic ecology. Finally, the soil contaminated with SDs and HMs has 
degraded and is no longer suitable for agricultural activities due to the 
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possibility of food chain poisoning (Visa and Chelaru, 2014). As a result, 
many technologies exist to remove metal ions and dye molecules from 
aqueous streams, such as chemical precipitation, ion exchange, 
adsorption, membrane separation, and so on, among which adsorption 
suits better due to low cost and easy operand. 

On the other hand, the selection of an appropriate adsorbent material 
that fits the grove of economic viability and availability, is a complex 
challenge. Because natural materials are limited in availability, the 
search for alternatives resulted in zeolite materials derived from coal fly 
ash (CFA) being prominent (Shigemoto et al., 1993). CFA’s drawback 
included rising energy demands, excessive coal consumption, resulting 
in massive combustion residues, handling, and storage difficulties (Yao 
et al., 2015). Whereas, the presence of Si, Al as zeolite precursors, and 
thermal stability still boosts the utility in water remediation, catalysis 
etc. 

In addition to their usage as an extraction medium, ionic liquids 
contribute considerably to separation sciences; they can aid adsorbents 
increase separation performance by disaggregating nano-materials into 
smaller bundles. (Lv et al., 2014). Furthermore, ILs have enthralling 
properties such as low vapor pressure, non-volatility, flammability, a 
wide range of electrochemical properties, and high ion conductivity 
(Keskin et al., 2007). The unique molecular structure of ILs with imi
dazolium cations made it a promising anionic dye adsorbent material. 
On the other hand, nitrogen with a single pair of electrons is believed to 
be one of the most effective functional groups for eliminating heavy 
metal ions. (Joseph et al., 2020). Similar studies were reported targeting 
the gas separation especially CO2 (Ilyas et al., 2018), (Kurnia et al., 
2019), (Ntais et al., 2010), (Nokhodiyan Isfahani et al., 2020), and re
ported higher yields. However very few studies reported the synthesis of 
composites (IL functionalized CFA zeolites) and their utility towards the 
separation of metals ions and dye molecules. 

Hence, the present research aims at synthesizing CFA zeolite and 
functionalizing with IL possessing unique adsorption phenomenon to
wards both metals and dye separation and altering the chemical prop
erties upon cross-linking/grafting each other. Each of these (CFA, IL) 
were regarded as a significant sorbent material for dyes and metals. 
However, combining these compounds in optimal proportions results in 
a novel adsorbent that can separate both metal and dye particles from 
aqueous streams at the same time. Adsorption may be enhanced as a 
result of chemical modification of CFA by IL, which further imparts 
functional groups such as amines, carboxylate, hydroxyl, phosphate 
ions, and so on. Given the high potential of CFA-IL zeolite in dye, heavy 
metal ion adsorption, and reusability, this study provided a fresh look at 
the design of multifunctional sorbent materials. 

2. Experimental section 

2.1. Materials 

The prime feedstock raw coal fly ash was obtained from Taichung 
power plant, Taichung, Taiwan; the other important materials include 
ionic liquid, 1-Butyl-3-methylimidazolium bis [(trifluoromethyl)sulfo
nyl] imide for the functionalization onto CFA zeolite was procured from 
Sigma-Aldrich, Taiwan (purity). Lastly, the metals Cadmium nitrate Cd 
(NO3)2, zinc nitrate hexahydrate (Zn(NO3)2.6H2O), synthetic dyes 
Alizarin red S, Rhodamine 6G, eluents namely NaOH, H2SO4, HCl, 
HNO3, C2H5OH of analytical grade were obtained from Sigma-Aldrich, 
Taiwan. 

2.2. Synthesis of zeolite from CFA 

Prior to synthesis, CFA was sieved to a finer size of 75 μm, and 
calcined at 800 ◦C for 3 h in an electric furnace in order to decarbonize/ 
eliminate traces of carbon. This was followed by a thorough washing 
with de-ionized water to remove any remaining impurities before drying 
at 80 ◦C for 24 h and preparing for zeolite synthesis. The detailed 

synthesis process of the zeolites from coal fly ash were reported in our 
previous work (Gollakota et al., 2021a). The zeolite synthesis was car
ried out at an optimal ratio of 1:1.5 (CFA: NaOH) and fused at 500 ◦C for 
1 h, also known as alkali dissolution reaction. The alkaline reagent of 
choice acts as an activator, i.e., OH− of NaOH dissolving Si4+, Al3+

particles in CFA. To avoid unwanted secondary reactions during the 
hydrothermal treatment, the fusion was carried out on a Ni crucible. The 
fusion mixture was quickly cooled to room temperature, finely ground, 
and transferred to a 100 mL Erlenmeyer flask containing 20% sodium 
aluminate. Sodium aluminate acts as a balancing medium, adjusting the 
Si/Al ratio and allowing for pure phase zeolites. The slurry was me
chanically stirred at 500 rpm for 24 h at room temperature to homog
enize the aluminosilicate gel. The mixture was then transferred to 100 
mL polytetrafluoroethylene (PTFE) bottles that were hermetically sealed 
to keep out outside influences. The PTFE bottles were placed in a heating 
oven set to 120 ◦C, for 24 h, followed by filtration with Whatman paper 
and repeated washing to neutralize the pH of homogenized silicate gel. 
The gel was cured for 24 h at 150 ◦C to improve the structural stability of 
the zeolite (Na-X). 

2.3. Preparation of adsorbent 

The CFA zeolite and IL were co-dispersed in 50 mL of dry toluene in a 
refluxing assembly under vacuum. For 48 h, the mixture was refluxed at 
90 ◦C in N2 atmosphere. Filtration was used to remove the toluene sol
vent, and the solid material was transferred to a rotary evaporator. The 
excess physisorbed IL was removed using a low-pressure rotary evapo
rator. The solution mixture of CFAZ and IL was stirred for 24 h at room 
temperature. The overall solution of CFAZ cross-linked with IL was then 
dropwise added to the 1 M NaOH solution (100 mL) and equilibrated 
between 27 and 30 ◦C. The newly formed CFA-IL-Z (IFZ) material was 
tested for its applicability in simultaneously separating metal and dye 
molecules. 

2.4. Characterization of the adsorbent material CFA-IL-Z 

Several characterization approaches were utilized to determine the 
physicochemical characteristics of the raw CFA, hydrothermally treated 
CFA, and ionic functionalized zeolite material. At first, the material 
phase and zeolite identification were accomplished using X-ray 
diffraction (XRD, Bruker Advanced-D825A) with Cu-Kα radiation under 
the following conditions: scanning range 2θ = 5-60◦, scanning rate of 
0.02◦, 40 kV and 40 mA. The N2 adsorption-desorption isotherm anal
ysis was also used to evaluate the textural properties, i.e., surface area. 
The samples were degasified for 12 h at 423 K before being analyzed in a 
surface pore analyzer at 77 K. (Micrometrics, ASAP 2060). Furthermore, 
the pore size distribution was determined using the Brunauer-Emmett- 
Teller (BET) and Barrett-Joyner-Halenda (BJH) methods, respectively. 
The Fourier transform infrared spectroscope was used to detect the 
change in functional groups beginning with raw CFA, the formation of 
zeolites, and the impingement of ionic liquid (FTIR, PerkinElmer Spec
trum One). The morphology of CFA, Zeolite (Na-X), and IFZ was further 
detailed using an ultra-high-resolution thermal field emission scanning 
electron microscope (JEOS, JSM-7610F Plus) (FE-SEM). To improve the 
material’s conductivity, the samples were coated with a layer of gold 
and sputtered for 120 s. Furthermore, the changes in the functional 
group were identified using Fourier transform infrared spectrophotom
eter (PerkinElmer Spectrum One) in the scanning range of 400–4000 
cm− 1 in the presence of a DTGBr detector and a KBr split beamer. 
Finally, the adsorption experiments were performed on a UV–Vis spec
trophotometer (PerkinElmer Lambda 850) with a quartz cell of path 
length of 1.0 nm at wavelengths of 396 nm (Cd2+), 570 nm (Zn2+), 426 
nm (AR), 524 nm (R6). 
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2.5. Adsorption experiments 

Adsorption experiments were carried out separately for metal ions 
Cd (II), Zn (II), and dye molecules AR, R6 in order to better understand 
the performance of the adsorbent material, adsorption mechanism, 
thermodynamic analysis, kinetics, and isotherm. Various parameters 
were also evaluated, including initial dye concentrations ranging from 1 
to 100 mg/L, the effect of temperature (298–318 K), pH (1–10), 
adsorption dosage (0.1–0.5 g/30 mL), agitation speed (100–500 rpm), 
and the effect of time (0–300 min). Adsorption studies with variable 
initial concentrations revealed that 50 mg/L was appropriate and was 
maintained throughout the current study. The pH of the solution was 
changed from acidic to alkaline by adding the appropriate amount of 
0.1 M NaOH and 0.1 M HCl. All experiments were carried out in batch 
mode, with 30 mL of the solution placed in a 100 mL Erlenmeyer’s flask 
and shaken in an orbital sieve shaker, followed by UV–vis spectrometer 
analysis with an appropriate color development method for metal 
tracing. The color development method for metal ions for UV-analysis is 
mentioned in the subsequent sections. Similarly, the dyes adsorption 
requires no further color development and hence, they are directly 
calibrated under the suitable wavelength in a UV–vis spectrometer. 
Further, the amount of the metals ions and the dye molecules adsorbed 
on to the surface of the IFZ were calculated using Eq. (1), and the 
desorption was evaluated by Eq. (2). 

qe =
(Ci − Ce)V

m
(1)  

Desorption %=
Desorption
Adsorption

× 100 (2)  

2.6. Color development method for UV analysis of Cd2+

2.6.1. Preparation of DBHQ solution 
The spectroscopic reagent dibromo-8-hydroxyquinoline (DBHQ) has 

been identified as a cadmium detection reagent. It works by reacting 
non-adsorbent DBHQ with cadmium in a slightly acidic solution 
(0.00015–0.00065 M H2SO4) to form a highly adsorbent greenish- 
yellow chelate product, which can then be detected directly in 
aqueous solution. 

2.6.2. Cadmium standard solution 
Fig. 1a represents the schematic of the standard preparation pro

cedure of stock Cd solution for UV analysis. A 100 mL stock solution of 
divalent cadmium was made by dissolving 0.2282 mg of AR crystalline 
cadmium sulfate (3 Cd SO4 8H2O) in double distilled de-ionized water. 
Aliquots of the solution were standardized using EDTA titration and 
xylenol orange indicator. 0.1–1 mL of neutral aqueous DBHQ solution 
(ideally 1 mL of 3.310–3 M) was added to the 10 mL calibrated flask, 
followed by an equal amount (preferably 0.5 mL) of 0.0005 M H2SO4 in 
a ratio of 1:100 to 1:700. Afterward, 5 mL of ethanol and deionized 
water were added and the liquid was diluted to the mark. The absor
bance at 396 nm was compared to that of a reagent blank. The cadmium 
level of an unknown sample was determined using a concurrently 
created calibration graph. 

Fig. 1. a) Preparing the standard solution for UV–vis spectroscopic calibration a) Cd2+; b) Zn2+.  
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2.6.3. Zinc standard solution 
The standard procedure for the preparation of Zinc solution was 

adopted from (Zhong et al., 2022) and (Fig. 1b). To prepare the zinc 
standard solution, 1.252 g of solid ZnO was placed into a 1 L volumetric 
flask containing 10 mL of H2SO4, the remaining space was filled with 
distilled water and the mixture was thoroughly stirred. Besides, xylenol 
orange solution was prepared by adding 0.15 g of xylenol orange into 
100 mL volumetric flask, then add distill water to the mark on the scale 
and shaken vigorously. In addition, acetic acid sodium acetate buffer 
solution (CH3COOH + CH3COONa) was prepared by accurately 
measuring 36 mL of glacial acetic acid in a 100 mL volumetric flask, and 
the shaken vigorously after the addition of water. Sodium acetate 
(CH3COONa) solution was prepared by adding 200 g of anhydrous so
dium acetate in water followed by heating to ensure proper mixing. 
Further, the solution was transferred to an 1L volumetric flask con
taining 26 mL of glacial acetic acid (CH3COOH), and thoroughly shaken 
by adding water. 

2.7. Zinc ion standard curve 

Standard zinc oxide solution was prepared by adding 10 mg/L of the 
zinc oxide into 1 L volumetric flask containing water, and the mixture 
was thoroughly shaken. Further, eight different standards of zinc oxide 
solutions (2.5 mL, 7.5 mL, 10 mL, 12.5 mL, 17.5 mL, 20 mL, 22.5 mL, 
and 25 mL) were prepared in 50 mL individual volumetric flasks con
taining 10 mL of acetic acid buffer solution and 2.5 mL of xylenol orange 
solution. The absorbance was measured against a standard of water 
using a 1 cm cuvette and a UV–vis spectrophotometer after 10 min. 

2.8. Functionalization of coal fly ash-based zeolite with ionic liquids 

There were three significant phases involved in the synthesis of ionic 
liquid immobilized on zeolite. The first step involved mixing 200 mL of 
Na-X zeolite with 0.002 M NH4Cl solution for 24 h (Zendehdel et al., 
2020). Filtration and washing with water were then followed by calci
nation at 300 ◦C to remove the NH3 from the solid. In the next phase, 50 
mL of dry toluene was mixed with 1 mmol of ionic liquid and refluxed 
for 24 h under a N2 environment with Na-X zeolite. After filtering and 
drying, the solid powder was analyzed using FTIR, XRD, BET, and 
FE-SEM. 

3. Results and discussion 

3.1. X-ray diffraction 

Powder X-ray diffraction (XRD) using a Philips X’Pert diffractometer 
(Cu-Kα radiation from a graphite monochromator) with a variable 
divergence slit was used to determine phase purity and crystallinity. 
Original CFA is mostly quartz, with tiny quantities of hematite, 
magnetite in the original sample, according to the XRD diffractogram. 
Mullite, quartz, and amorphous minerals accounted for 96% of the 
overall mineral composition, according to the results of a qualitative 
study. Due big monomineralic particles are present in a combustion 
process, they are often considered to be virtually non-reactive because of 
their high fusion temperature (Ward, 2002). The prominent “hump” in 
diffraction patter between 18◦ and 35◦ of 2θ shows the presence of an 
amorphous phase (Yang et al., 2021) (Fig. 2a). In addition, because 
mullite is resistant to dissolve during hydrothermal treatment, the 
reduced mullite percentage promotes zeolite production. Having 
aluminosilicate phases in all coal fly ashes studied indicated that they 
are suitable for the production of zeolite. 

The fusion method of alkali treatment resulted in the transformation 
of CFA into amorphous material, with the quartz dissolved into soluble 
phase, which is required for the formation of zeolite. Due to the iden
tification of pure phase zeolite template material, the ideal fusion ratio 
(CFA: NaOH) was chosen in this investigation. The diffraction peaks at 

2θ of 15–34◦ which were in good agreement with the typical structure of 
the (FAU) topology, Further, confirmation of pure phase of Na-X 
belonging to the family faujisite type structure (FAU) at 2θ = 10, 
15.43, 21.00, 23.58, 26.65, 29.21, and 34.17◦ (Treacy and Higgins, 
2007) (Fig. 2b) marks the formation of a pure phase of Na-X belonging to 
the family of aluminosilicate molecular sieves. 

And then, the XRD examination of the newly synthesized Na-X 
zeolite after functionalization with 1-butyl-3-methylimidazolium bis 
(trifluoromethylsulfonyl)imide ionic liquid was performed. The dif
fractogram of the composite (Na-X coupled with BMIM NTf2) clearly 
displays the presence of zeolite’s distinctive peaks, indicating that the 
functionalization technique had no effect on the zeolite host’s structure 
(Fig. 2c). The lesser intensity bands, on the other hand, were described 
as indicating ionic liquid embedment on the zeolite surface. This could 
be explained by the disordering of the porous structure and the fluctu
ation in electron density caused by the ionic liquid’s immobilization on 
the zeolite (Wang et al., 2018). Also, additional peaks at 2θ of 30–40◦ are 
attributable to the production of Si nanoparticles, intensified IFZ during 
the modification procedure. 

3.2. Porous texture analysis 

Braunauer-Emmette-Teller (N2-BET) surface analysis technique was 
used to determine the surface area and pore size of the zeolite products. 
The N2 as the analytical gas was employed with a Micrometrics (ASAP 
2060) based on a 5 point with 30–50 desorption points. The surface area 
of coal fly ash prior to zeolite production was reported to be 5.15 m2/g, 
while the zeolite surface area following hydrothermal treatment was 
reported to be 63 m2/g, an almost 12-fold increase. Further, the (IFZ) 

Fig. 2. XRD diffractogram of raw CFA, zeolite (Na-X), IFZ (Na-X, IL).  
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had a lower surface area and micropore volume than the parent zeolite 
(Na-X), according to BET data. 

Type II is related with newly prepared zeolite (Na-X) macro porous 
material that falls within the classical range for BET technique appli
cation in Type II isotherm is p/p0 = 0.05 to 0.3 (Deka and Bhattachar
yya, 2015). This represents the unrestricted monolayer-multi layer 
adsorption. As shown in Fig. 3, a wide pore size distribution spanning 
from 1.7 to 264 nm pore diameter was detected, showing the presence of 
mesopores in addition to macropores. In addition, it was determined 
that the total surface area was 63 m2/g and that the total pore volume 
was 0.0088 cm3/g. Finally, because of the ionic liquid occupying pores, 

the functionalization of zeolite by ionic liquid resulted in a decrease in 
SBET, total pore volume, and mean pore diameter. The BET isotherm 
also resembles Type III with H3 hysteresis, which has the desorption 
shoulder and lower closure points. The H3 loop, on the other hand, is 
categorized as pseudo-type II since it does not reach a high plateau at 
high P/P0 levels (Thommes et al., 2015). This is connected to the 
metastability of the adsorbed multilayer due to the low degree of pore 
curvature and lack of stiffness in the aggregate structure (and delayed 
capillary condensation). Without a doubt, the IL entirely occupied the 
parent zeolite’s pore structure, resulting in a reduction in pore size and 
volume reported in BET tests as 19.93 m2/g and 0.054 cm3/g, 

Fig. 3. Spectra of N2 adsorption-desorption isotherm (a–c) CFA, Na-X, IFZ; BJH pore size distribution (d–f) CFA, Na-X, IFZ.  
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respectively. The detailed summary of the pore characteristics of CFA, 
NA-X, IFZ were presented in Table 1. 

3.3. FT-IR analysis 

FT-IR measurements were carried out on a FT-IR spectrometer (FTIR, 
PerkinElmer Spectrum One), in the range of 4000–400 cm− 1 as KBr 
disks. FT-IR spectra reveals the mineralogical structure of the materials 
indicating distinct absorption patterns (Fig. 4a). A thorough knowledge 
on the functional group composition enables to possible adsorption 
mechanism of sorbate on to the sorbent surface. Fig. 4a shows the FT-IR 
bands of the raw CFA, zeolite (ITQ-4), ionic liquid functionalized zeolite 
(CFA-Z-IL). 

In case of raw CFA (see Fig. 4a), the bands at 422, 485 cm− 1 is 
attributed to the bending vibration of O–Si–O bonds. The bands at 453, 
537, 605 is associated with Si–O vibrations, Si–O–Al bending vibrations, 
double stretching of Al–O respectively. The pure phase of quartz was 
identified at 777 cm− 1 (Shearer et al., 2016), and the peaks at 795 
(Ciocinta et al., 2012), 1058 cm− 1 (DeCarvalho et al., 2011) indicated 
the symmetric and asymmetric stretching of Si–O–Si bonds. Further the 
peak at 798 cm− 1 denotes the presence of quartz and its shape changes 
upon hydrothermal treatment indicating that the crystal structure of 
quartz is transformed product phase i.e., zeolite Na-X (Zong et al., 2018). 
An Al–O–Si/Al–O–Al band at 464 and 562 cm− 1 is linked to the alumi
nosilicates in coal fly ash. While it comes to silicates in the coal fly ash, 
the crystalline and amorphous glassy phase were seen through the band 
at 1097 cm− 1. Si–O–Si/Al–O/Si/Al–O stretching vibration mode of AlO6 
groups of mullite causes the 506 cm− 1 bands respectively (Yadav et al., 
2021). 

Further, the formation of the Na-X was examined by Fourier Trans
form Infrared spectroscopic techniques (Fig. 4b). The FT-IR spectra of 
the zeolite produced from coal fly ash is shown in Figure b. The ab
sorption bands ascertained at 413, 432 cm− 1 infers the bending and 
plane flexural vibrations of the –Si-O (DeCarvalho et al., 2011); 422, 
452, 662 cm− 1 shows the bending mode and –Si-Al-O; 467, 557, 965 
represents the bending vibration of siloxane (Si–O–Si) (Zhang et al., 
2021), external vibrations of double four rings (Filho et al., 2021), -Si-O 
asymmetric stretching vibrations (Nyale et al., 2013); and lastly 1646, 
3375 cm− 1 denotes the bending mode of physically adsorbed water and 
the presence of OH− groups respectively (Hu et al., 2017). The formation 
of double six rings (D6R), the main structural subunit of zeolite Na-X, is 
indicated by the band at 561 cm− 1. 

Lastly, the functionalization of the zeolite-X with ionic liquid were 
evaluated with the FT-IR analysis (Fig. 4c). The results indicated major 
absorption peaks at 435, 455, 496, 831, 980, 1092, 1402 cm− 1 indi
cating the –Si-O-Al vibrations (El-Naggar et al., 2008), -O-Si-O bending 
vibrations (Zhang et al., 2019), -T-O-T symmetric bending (Gatta et al., 
2015), -C-H stretching in bending plane vibration of Imidazolium iodide 
(Parveen et al., 2019), asymmetric stretching of Si–O–Al (Ríos Reyes, 
2008), O2

− superoxide ion vibrations, and deformed vibrations of CH2 
respectively (Ataollahi et al., 2012). In addition, the stretching of C––O 
and C–O and the bending of O–H at 1100-1300 cm− 1 and 1500-1600 
cm− 1, respectively, indicate the activation of carbon’s surface by the 
carboxylic groups. (Kristianto et al., 2016). 

3.4. Morphological analysis (FE-SEM analysis) 

SEM analysis of CFA indicated a spherical morphology of fly ash, 
with numerous particles in the 1m size range. As illustrated in Fig. 5a, 
these spherical shape particles are made up of both solid and hollow 
spheres, as well as cenospheres. Fig. 5(b and c) shows an enlarged pic
ture of a large particle having pores on its surface. The spherical 
morphology is attributed to increased Si oxides, Al-rich bituminous 
coals, and a glassy smooth surface due to the presence of Fe2O3, all of 
which contribute to higher pozzolanic activity and reaffirm that CFA is a 
good precursor for zeolite production. The morphology of the fly ash 
particles changes to different typical zeolite shapes during zeolitization 
(hydrothermal treatment of CFA) (Zeolite Na-X). The Na-X crystal has 
cuboid-shaped particles (Fig. 5 d-f) that are highly crystalline and come 
in a variety of sizes (Sumari et al., 2019). The rounded edge cuboid form 
of Na-X particles demonstrates that the silica and alumina species un
dergoing hydrothermal treatment are properly dissolving. Further, the 
topology of Na-X comprises a three-dimensional pore structure made up 
of sodalite cages similar to those found in faujisite, but coupled to the 
double six-membered rings (D6R) (Ríos Reyes, 2008) of [SiO4]4- and 
[AlO4]5-, as validated by FT-IR analysis. Finally, the IL functionalized 
zeolites surface shape matches that of parent zeolites, but with a smooth 
layer over the top (Fig. 5 g-i). This implies that the zeolite particles have 
strong interfacial adhesion to the polymer matrix, indicating that the 
zeolite particles and the polymer are compatible. Finally, the IL func
tionalized zeolites (IFZ) surface shape matches that of parent zeolites, 
but with a smooth layer over the top. This implies that the zeolite par
ticles have strong interfacial adhesion to the polymer matrix, indicating 
that the zeolite particles and the polymer are compatible. According to 
the results of the SEM examination, zeolite and ionic liquid grafted Na-X 
(IFZ) have high structural stability and can be employed as sorbent 
materials. 

3.5. Adsorption studies 

3.5.1. Adsorption as a function of pH 
The pH of the solution is widely recognized to be the primary vari

able that drives the adsorption mechanism and determines the extrac
tion efficiency of the selected adsorbent. The influence of pH on the 
adsorption of Cd2+, Zn2+, AR, R6 metal and dye ions on to IL func
tionalized Na-X zeolite was studied (Fig. 6a). The experimental results 
showed that the binding of Cd2+ is a pH dependent process-the effi
ciency of Cd2+ removal was found increasing with increasing pH from 1 
to 4 to maximum value of 21.75 mg/g. Similar trends were observed for 
Zn2+, AR, R6 dye molecules reporting the maximum uptake (27.89, 
30.58, 38.29 mg/g) at pH = 5, 2, 6 respectively. Further, the electro
static interactions between the surface charge of the IFZ and the metal 
ions in the solution can explain the effect of pH on adsorption capacity 
(Medellin-Castillo et al., 2017). At low pH values, the ability of the 
adsorbent to bind Cd and Zn is the weakest. This is because the metal 
binding sites on the adsorbent are close to H3O+, which makes the metal 
cations move away from the adsorbent. (Hashem et al., 2013). More
over, the concentration of Cd2+ is almost consistent up to pH~4, after 
which complex tends to form namely; Cd OH− , Cd (OH)2, hydroxyl ni
trate species Cd (NO3)2, Cd(OH)3

- , Cd(OH)4
- , CdOH3+, and CdNO3+

respectively (Srivastava and Angove, 2004). Similarly, at pH~6 Zn 

Table 1 
Morphological features of raw CFA, Zeolite Na-X, and IL functionalized Na-X zeolite (IFZ).  

Sample Si/ 
Al 

Fusion ratio (CFA: 
NaOH) 

Fusion temperature 
(oC) 

Sodium aluminate 
(%) 

Crystallization temperature 
(oC) 

BET Surface area 
(m2/g) 

Pore volume 
(cm3/g) 

CFA 3.65 – – – – 5.15 0.0038 
Na-X zeolite 2.12 1:1 600 20 120 63.92 0.0884 
IL functionalized 

Na-X 
– – – – – 19.93 0.0544  
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(OH)2 solubility is high, and Zn2+ is the predominant species in the 
solution. In addition, as the pH increases, the solubility of Zn (OH)2 
decreases, and hence metal ion precipitation occurs in the alkaline range 

of pH (Sen and Gomez, 2011). 
When it comes to dyes, acidic medium promotes protonation and 

neutralization of opposing surface charges, which increases mobility 

Fig. 4. FTIR spectrum of raw CFA, zeolite (Na-X), IFZ.  

Fig. 5. SEM micrographs of raw CFA (a–c), zeolite Na-x (d–f), IFZ (g–i).  
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towards the adsorbent and so boosts diffusion (Anjani R.K.Gollakota 
et al., 2021b). In contrast, retention efficiency decreased with increasing 
pH due to competition between protons and dye molecules for active 
sites on the adsorbent surface. Similarly, dye deprotonation is often 
possible at higher pH (alkaline medium), which prevents dye molecules 
from spreading across the sorbent surface (DeCarvalho Izidoro et al., 
2012). 

3.5.2. Adsorption as a function of point of zero charge 
The point of zero charge (pHpzc) analysis can determine the precise 

adsorption process and the pH confirmation. In a nutshell, the pH of the 
aqueous solution (0.01 M NaCl) was adjusted in the range of 1–10 with 
0.1 N HCl (for pH 7) and 0.1 N NaOH (pH > 7). It is well known that at 
pH ≥ pHpzc, cationic adsorption is dominant, whereas pH ≥ pHpzc, sig
nifies the anionic adsorption (Gomri et al., 2018). According to Fig. 6b, 
the selected adsorbent material’s point of zero charge value was 6.9, 
indicating that pH ≤ pHpzc is prone to anionic adsorption. The anionic 
binding sites in the IL functionalized zeolites mean that H+ ions in acidic 
media compete with the cationic dye R6 to interact for efficient 
adsorption. Moreover, the present study of Cd2+, Zn2+, AR, R6 followed 
the condition of pH < pHpzc, favoring the adsorption of negatively 
charged ions and promoting electrostatic interactions (Fig. 6b). This 
would imply that both SiOH, and AlOH groups are responsible of the 
solid’s surface protonation/deprotonation reactions (Pretorius and 
Woolard, 2003). In summary, acidic pH favors the adsorption of both the 
metal ions and dye molecules towards the IFZ. 

3.5.3. Effect of adsorbent dosage 
The adsorption process’s economics are totally dependent on the 

adsorbent dosage, which optimizes the process cost. Thus, the effect of 
adsorbent dosage was evaluated in treating metal ions (Cd2+, Zn2+) and 
dye molecules with five dose rates (0.1–0.5 g)/30 mL (AR, R6). Ac
cording to Fig. 6c, as the dosage increases, the removal tendency of 
metal and dye particles behaves differently, i.e., the separation efficacy 
of the adsorbent towards the Cd2+, Zn2+ was reported to be maximum 
22.31, 26.45 mg/g at 0.3, 0.4 g/30 mL, and 33.89, 38.21 mg/g at 0.1, 
0.5 g/30 mL for dye molecules AR, R6 respectively. At specific dosage 
rates, increasing surface area and unsaturated/active binding sites 
encourage higher sorption; beyond this, clogging/saturation of active 
sites, which means the increasing the diffusion path length and 
decreasing total adsorbent surface resulting in lesser adsorption pro
pensity (Maleki et al., 2015). 

3.5.4. Effect of agitation speed 
The mass transfer of metal ions from the bulk liquid to the surface of 

the adsorbent is greatly influenced by the agitation of the liquid phase. 
Batch adsorption studies carried out at five different agitation speeds 
(100, 200, 300, 400, 500 rpm) to explore the effect of the same. As 
shown in Fig. 6d, the removal of metal ions reduced as the agitation 
speed increased, with a minor divergence for the dye molecules, 
showing that the uptake tendency initially increased and subsequently 
dropped. The maximum uptake of Cd2+, Zn2+ was reported to be 22.35, 
21.22 mg/g at 300, 400 rpm, and 34.89, 32.98 mg/g at 100, 500 rpm for 
AR, R6. Turbulence in the liquid phase increased the external mass 

Fig. 6. Effect of process parameters on simultaneous adsorption of metals and dyes (a) pH, (b) pzc, (c) adsorbent dosage, (d) agitation speed.  
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transfer coefficient, reducing the boundary layer effect and thus 
increasing the adsorption tendency (Garg et al., 2015). Furthermore, 
increasing the speed causes the sorbate to detach from the sorbent due to 
centrifugal forces, so the above-mentioned values were chosen to be 
optimal for the current study. 

3.5.5. Isotherm studies 
Fig. 7 depicts the amount of metal ions and dye molecules adsorbed 

by IFZ as a function of metal ion concentrations in solution at equilib
rium. As the initial concentration of both dyes and metal ions increased, 
so did the amount of metal ions and dye molecules adsorbed by IFZ. 
Further, to evaluate this phenomenon, two popular isotherm models 
namely; Langmuir and Freundlich isotherms were used to study the 
relationship between adsorption capacity (solid phase), and concentra
tion (liquid phase) at equilibrium. The non-linear forms of the Langmuir 
and Freundlich isotherms are shown in eqs. (3) and (4), and the corre
sponding adsorption constants reported in Table 2. 

Langmuir isotherm model 

qe =
qmKLCe

1 + KLCe
(3) 

Freundlich isotherm model 

qe =KfC1/n
e (4) 

Fig. 7 illustrates that the Langmuir equation fits the adsorption iso
therms better (i.e., with higher correlation coefficients) than the 
Freundlich equation, with R2 values of 0.994 (Cd2+), 0.997 (Zn2+), 
0.998 (AR), and 0.998 (R6) at 298 K, indicating that the adsorption 
phenomenon favors monolayer sorption (Fig. 7 a-d) (Armbruster and 

Austin, 1938). In addition, Langmuir isotherm identifies a fixed number 
of identical binding sites, all of which are assumed to be equivalent with 
a homogenous adsorbent surface, and the adsorbate energies were 
assumed to remain constant. This means that each sorbate molecule is 
fitted into each vacant site of the sorbent. Moreover, the adsorption 
intensity measurement constant value n > 1 signifies the favorable 
conditions for adsorption (Freundlich, 1907). Besides, the full potential 
of the adsorbent (IFZ) was reported to be 30.68 mg/g (Cd2+), 41.53 
mg/g (Zn2+), 76.33 mg/g (AR), 65.85 mg/g (R6) respectively at the 
equilibrium concentration of 50 mg/L. Likewise, other adsorption pa
rameters values related to the Langmuir and Freundlich isotherms were 
presented in Table 2. Summarizing the isotherm models evaluation, the 
present study is highly favoring the monolayer adsorption irrespective 
of metal ions and the dye molecules following the Langmuir isotherm in 
comparison to the Freundlich isotherm fit. Lastly, the studies related to 
the adsorption of the selected Cd2+, Zn2+, AR, R6 onto the adsorbent 
were summarized in Table 3. 

Fig. 7. Adsorption isotherm studies varied with equilibrium concentration (Ce mg/L) of metals and dyes.  

Table 2 
Equilibrium modeling data for the simultaneous separation of metals and dyes.  

Isotherm Parameters Cd2+ Zn2+ AR R6 

Langmuir qm (mg/g) 30.68 41.53 76.33 65.85 
KL (L/mg) 0.033 0.024 0.013 0.022 
r2 0.99 0.99 0.99 0.99 

Freundlich Kf (mg/g) 3.57 3.32 4.68 2.57 
N 2.39 2.07 1.99 1.61 
r2 0.95 0.97 0.96 0.98  
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3.5.6. Adsorption kinetics 
Adsorption kinetic studies emphasize the rate of solute uptake, that 

directly determines the adsorbate uptake residence time at the solid- 
solution interface. Besides, the rate limiting step is identified by ki
netic models using a variety of control mechanisms such as chemical 
interactions, diffusion control, or mass transfer coefficients. This 
adsorption kinetic technique performed best when well-known pseudo- 
first order (Lagergren, 1989) and pseudo-second order kinetic models 
were used (Ho and McKay, 1999). The non-linear form of the kinetic 
model equations (Eqs. 5–6) listed above is as follows: 

Pseudo first order 

qt = qe1(1 − exp(− k1t)) (5) 

Pseudo second order kinetics 

qt =
q2

e2k2t
1 + qe2k2t

(6) 

In the pseudo-first order equation, the adsorbate is assigned to an 

adsorption site on the adsorbent, which is expressed in terms of the rate 
of reaction. The pseudo-second order equation suggests chemisorption 
involving covalent forces between adsorbent and adsorbate via electron 
sharing or exchange. As a result, the reaction kinetics of metal and dye 
uptake on the IFZ adsorbent material were studied in terms of time as a 
function of temperature using both the pseudo-first order and pseudo- 
second order kinetic models. Table 4 provides a complete description 
of the experimental results compared to the modeling kinetic data of 
Cd2+, Zn2+, AR, and R6 attraction to the IFZ. Fig. 8(a–l) also displays a 
comparison kinetic analysis with experimental observations of adsorp
tion at temperatures ranging from 298 to 318 K. The kinetics were 
strongly aligned to pseudo-second order, and rising temperature 
increased the adsorption tendency, according to the figure. The pseudo- 
second order model suggests a heterogeneous surface and wither a 
chemisorption or an ion-exchange mechanism, depending on the func
tional group of the adsorbent (Ankrah et al., 2022). As previously stated, 
the main finding of this study was that the adsorption phenomena was 
chemisorptive in nature because the pathway follows pseudo-second 
order kinetics. 

3.5.7. Temperature effects and thermodynamics 
Enthalpy, free energy, and entropy were measured at 298, 308, and 

318 K, respectively, to determine temperature’s effect on system ther
modynamics. Fig. 9a shows the influence of the temperature on the 
uptake of the Cd2+, Zn2+, AR, R6 towards the IFZ. The fact that the 
adsorption increases as the temperature rises clearly shows that the re
action is endothermic (Zhou et al., 2015), because of the stable sites on 
the IFZ’s surface. This in turn augments the mobility of both metal ions 
(Cd2+, Zn2+) and dye molecules (AR, R6) towards the sorbent surface, 
making it easier for monolayer surfaces to form (Yang et al., 2017) 
verified by the Langmuir isotherm model. 

In order to establish whether or not the adsorption process will 
proceed spontaneously, considerations of energy and entropy must be 
made. The thermodynamic property values serve as indicators for the 
practical application of the adsorption process. The thermodynamic 
parameters Gibbs free energy (ΔGo), enthalpy (ΔHo), and entropy (ΔSo) 
were used to examine the features of adsorption related to temperature 
in this study. These parameters were calculated using following eqs (7)– 
(9). 

ΔG0 = − RT ln Kc (7)  

ΔG0 =ΔH0 − TΔS0 (8)  

where Kc is the distribution coefficient for adsorption and is determined 
as: 

Kc =
Ca

Ce
(9)  

where Ce is the equilibrium dye concentration in solution and Ca is the 

Table 3 
Literature on the separation of Cd2+, Zn2+, AR, R6 using different adsorbents.  

Adsorbent pH Adsorption 
capacity (mg/ 
g) 

Reference 

Cd2þ

FAU-type zeolite – 74.07 Joseph et al. (2020) 
ZFA 5 17.31 Javadian et al. 

(2015) 
Coal fly ash adsorbent 8 71% (Mohan and 

Gandhimathi, 2009) 
IFZ 4 30.68 Present study 
Zn2þ

Coal fly ash adsorbent 8 42% (Mohan 
andGandhimathi, 
2009) 

FAU-type zeolite – 42.017 Joseph et al. (2020) 
Na-X-CS 2 83.05% Hałas et al. (2017) 
IFZ 5 41.53 Present study 
AR dye 
Nano-sized Silica Modified with 

γ-Aminopropyltriethoxysilane 
Deliang 

2 200 Li et al. (2011) 

Multiwalled carbon nanotubes 1 161.2 Ghaedi et al. (2011) 
3-aminopropyltriethoxysilane 

grafted silica 
2 59.8 Ali et al. (2020) 

IFZ 2 76.33 Present study 
R6 dye 
Chitosan-g-(N-vinyl pyrrolidone)/ 

montmorillonite composite 
10 36.66 Vanamudan et al. 

(2014) 
hexadecyl functionalized magnetic 

silica nanoparticles 
11 35.6 Chang et al. (2011) 

Bentontie clay 6 6.233 (Farhan and 
Sameen, 2014) 

IFZ 6 65.85 Present study  

Table 4 
Kinetic modeling data for the separation of Cd2+, Zn2+, AR, R6 using IL functionalized Na-X zeolite.  

Adsorbate Temp (K) qe, exp (mg/g) Pseudo first order kinetics Pseudo second order kinetics    

qe1, cal (mg/g) K1 (1/min) r2 qe2, cal (mg/g) K2 (g/mg min) r2 

Cd 2+ 298 22.57 25.81 0.0888 0.9538 23.19 0.0050 0.9953 
308 27.64 24.18 0.0076 0.9482 27.15 0.0047 0.9981 
318 30.11 28.09 0.1000 0.9795 31.03 0.0051 0.9947 

Zn2+ 298 25.89 27.31 0.0045 0.9613 25.43 0.0016 0.9972 
308 27.69 26.18 0.1269 0.9733 27.43 0.0085 0.9915 
318 30.58 33.51 0.0079 0.9652 30.12 0.1358 0.9956 

AR dye 298 33.97 34.18 0.0051 0.9584 34.10 0.0421 0.9968 
308 36.28 39.66 0.0018 0.9658 36.01 0.0505 0.9994 
318 39.86 41.83 0.0660 0.9522 40.01 0.0022 0.9989 

R6 dye 298 36.91 38.91 0.0482 0.9758 37.11 0.0054 0.9917 
308 38.76 40.51 0.0040 0.9711 37.91 0.1028 0.9903 
318 43.54 41.30 0.1166 0.9570 44.10 0.0042 0.9945  
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equilibrium dye concentration on the adsorbent measured in (mg L− 1). 
Table 5 shows the Gibbs free energy (ΔGo) for adsorption of Cd2+, Zn2+, 
AR, R6 onto IFZ at various temperatures. The slope and intercept of the 
ΔGo versus T plot (Fig. 9b) were used to calculate ΔHo and ΔSo which 
are listed in Table 5. At all temperatures, the value of ΔGo was negative, 
confirming the method’ viability and the spontaneous nature of 
adsorption and suggests the attraction of the of Cd2+, Zn2+, AR, R6 onto 
IFZ at higher temperatures. The increased unpredictability at the solid- 
solution interface during adsorption is reflected by the positive value of 
ΔSo, which indicated the IL functionalized Na-affinity X’s for Cd2+, Zn2+, 

AR, and R6. 

3.5.8. Adsorption mechanism 
Electrostatic interaction, hydrogen bonding, Vander walls interac

tion, and ion exchange are the most common interactions between 

sorbate and sorbent molecules. The current study, on the other hand, is 
concerned with the separation of cationic metals (Cd2+, Zn2+), anionic 
dye (AR), and cationic dye (R6) using a cationic sorbent material. These 
metal and dye particles adsorb via electrostatic interactions for cationic 
and anionic subjects (Cd2+, Zn2+, AR, R6), and hydrogen bonding alone 
for anionic separations (AR) (Fig. 10). The electrostatic interactions 
prevail mainly due to the existence of the silanol groups (Si–OH) on IFZ. 
Because of the presence of silanol groups (Si–OH) on IFZ, electrostatic 
interactions predominate (Mesa and Becerra, 2021). Besides, the 
increasing sorption tendency with pH suggests that deprotonated silanol 
is probing greater electrostatic interactions. As a result, pH is critical in 
regulating the dissociation of functional groups on the active site of 
adsorbents. In other words, the pH values ranging between 1 and 7, 
favors the electrostatic interactions augmenting the enhanced uptake 
towards the sorbent molecule. Moreover, the hydrogen bonding is also 

Fig. 8. Non-linear kinetic studies on the sorption of Cd2+, Zn2+, AR, R6 onto IFZ (a–d) 298 K, (e–h) 308 K, (i–l) 318 K.  
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considered as an intermediate of covalent, ionic and Vander wall 
bonding (Zhang et al., 2019). This hydrogen boding makes the structure 
stronger, stable and provides the platform to easily disintegrate under 
ambient conditions. Further, the hydrogen bonding is more prevalent 
among the amine functional groups present in the anionic dye AR and 
IFZ respectively (Zendehdel et al., 2020). In summary, the predominant 
adsorption mechanism was electrostatic for metals, AR dye and R6 dye, 
additionally hydrogen bonding is possible for AR dye. 

4. Desorption and regeneration studies 

The desorption performance and the regeneration of the adsorbent 
materials were crucial to the application of sorbents in water remedia
tion techniques. Therefore, the desorption and recycling performances 
of IFZ for Cd2+, Zn2+, AR, R6 were studied. In this desorption studies, 
various eluents (acidic, alkaline, alcoholic) were tested to desorb the 

IFZ. Among which acidic eluents solution favors the separation of 
adsorbent from the metal solution (Cd2+, Zn2+) with recovery percent
age of 91, 86 respectively (Fig. 11(a and b). Similarly, the alkaline 
medium supporting the enhanced recovery of sorbent from the dye 
streams (AR, R6) of 94, and 97 percentage (Fig. 11(c and d)). The reason 
ascribed for the high affinity of the sorbent molecules towards the 
alkaline medium is due to the loosing negative ions by generation of the 
repulsive forces on the dye molecules forcing the detachment from the 
surface of the adsorbent (Sadaf et al., 2015). The suitability of the acidic 
eluent is highly justified in recovering sorbent from metal solutions is 
ascribed that; the selected acids HNO3, H2SO4 contains ionizable 
hydrogen that could substitute the Cd2+, Zn2+ adsorbed on IFZ (Maleki 
et al., 2015). Among which the ionizable hydrogen ions of HNO3 attacks 
the morphological structure of IFZ than H2SO4, and hence HNO3 is 
chosen for these assays. 

Further, to evaluate the efficacy of the sorbent material, five 

Fig. 8. (continued). 
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successive cycles of adsorption-desorption (regeneration) tests were 
performed (Fig. 12). These results suggested that the recovery of the 
newly prepared adsorbent material could be easily regenerated in case 
of the dye molecules (4 cycles for AR, R6 dye) with relatively high 
adsorption efficiency over the heavy metals (three cycles max for Cd, Zn) 
in the presence of the HNO3, NaOH. 

5. Conclusion 

In the present study, ionic liquid functionalized coal fly ash zeolite 
(NA-X) was synthesized and successfully used for the simultaneous 
separation of metal ions and dye complexes. The prepared IFZ with a 
surface area of 19.93 m2/g was tested for optimal time, concentration 
effect, adsorbent loading, concentration, agitation speed, and so on 
cadmium, zinc, Alizarin red S, and rhodamine 6G. Further, the structure 
of IFZ was not greatly affected by the IL template i.e., the present of 
competing ions in zeolite structure can effectively adsorb the contami
nants from aqueous streams. The removal efficacy and adsorption 
isotherm model fitting trend were observed as R6 ≥ AR ≥ Zn2+ ≥ Cd2+. 

Fig. 9. Temperature effects on the adsorption of Cd2+, Zn2+, AR, R6 onto IFZ a) temperature effects b) Van’t Hoff plot.  

Table 5 
Thermodynamic assessment on the adsorption of Cd2+, Zn2+, AR, R6 on to the 
IL functionalized Na-X zeolite.  

Adsorbate T (K) ΔG0 (kJ/mol) ΔH0 (kJ/mol) ΔS0 (J/mol K) 

Cd2+ 298 − 0.19821 17.6481 0.0591 
308 
318 

Zn2+ 298 − 1.2550 18.4312 0.0660 
308 
318 

AR 298 − 0.4371 16.7603 0.0577 
308 
318 

R6 298 − 0.3772 29.1507 0.0996 
308 
318  

Fig. 10. Adsorption mechanism of metal ions and dye molecules onto IFZ zeolite.  
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The best fit was provided by a pseudo-second order rate equation, while 
the Langmuir model described the adsorption isotherm. The maximum 
quantity adsorbed, qmax, was reported to be Cd2+ (30.68 mg/g), Zn2+

(41.53 mg/g), AR (76.33 mg/g), R6 (65.85 mg/g) respectively. Lastly, 
the acidic medium favors the desorption of metal ions, whereas the 
alkaline medium favors the desorption of dye complexes. To sum up a 
new approach of IFZ synthesis was attempted for the potential target of 
introducing new single adsorbent into the database to tackle the both 

metals and dyes simultaneously. 
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