
Volume 11, Issue 5, May – 2026                                 International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                             https://doi.org/10.38124/ijisrt/26may1642 

 

 

IJISRT26MAY1642                                                               www.ijisrt.com                   2796 

Synthesis of Coal Fly Ash Derived Bromosodalite 

(Br-SOD) for Efficient Adsorptive Removal of Pb(II), 

Hg(II), and Cu(II) Ions from Aqueous Solutions 
 

 

Surekha B. Ghorpade1; Rajendra P. Patil2; Ashok V. Borhade3 

 
1Research Centre, Department of Chemistry, K.T.H.M. College (Affiliated to S. P. Pune University), 

Gangapur Road, Nashik-422002, Maharashtra, India 
1,2C.H.M.E. Society’s, Bhonsala Military College, Nashik-422005, Maharashtra, India 
3Research Centre, Department of Chemistry, H.P.T. Arts and R.Y. K. Science College,  

Nashik-422005, Maharashtra, India 
 

Publication Date: 2026/06/02 
 

 

Abstract: The increasing release of toxic heavy metals into aquatic environments due to rapid industrialization raises serious 

environmental and public health issues worldwide. In this study, mesoporous bromosodalite (BR-SOD) was successfully 

produced from coal fly ash using a cost-effective and sustainable hydrothermal method. It was tested as an adsorbent for 

removing hazardous Pb2+, Hg2+, and Cu2+ ions from water. The material was thoroughly characterized with techniques such 

as Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), Brunauer–Emmett–Teller (BET) surface 

area analysis, Field Emission Scanning Electron Microscopy (FE-SEM), High-Resolution Transmission Electron Microscopy 

(HR-TEM), and Energy Dispersive X-ray Spectroscopy (EDS) mapping to examine its structural, morphological, and 

surface features. Characterization confirmed the successful formation of crystalline bromosodalite with a highly mesoporous 

structure, greatly improving its ability to adsorb metal ions. Batch experiments were performed to optimize key operational 

parameters such as pH, adsorbent dose, initial metal ion concentration, contact time, and temperature. These experiments 

were conducted at three temperatures: 301.15 K, 323.15 K, and 343.15 K. The equilibrium data were modelled using the 

Langmuir isotherm, and the resulting parameters clarified the adsorption mechanism. The synthesized BR-SOD showed 

excellent ability to adsorb and a high affinity for Pb2+, Hg2+, and Cu2+ ions, thanks to its large surface area, porous structure, 

and plentiful active sites. Results indicate that bromosodalite derived from coal fly ash is a cost-effective, efficient, and 

environmentally friendly adsorbent for removing toxic heavy metals from wastewater. This research presents a valuable 

method for transforming industrial waste into useful materials for environmental cleanup. 
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I. INTRODUCTION 

 

Rapid industrialization and urban growth have markedly 

increased the release of hazardous heavy metals into water 

sources, causing serious environmental pollution and health 

issues [1-8]. Metals like lead [Pb2+], mercury [Hg2+], and 

copper [Cu2+] are highly toxic because they are non-

biodegradable, persistent, and tend to bioaccumulate. These 
toxic metal ions are released into the environment through 

various industrial processes, including mining, electroplating, 

battery manufacturing, [9-15] metal finishing, paint and 

pigment production, petroleum refining, fertilizer production, 

chlor-alkali processing, textile treatment, electronic waste 

recycling, and chemical manufacturing. Lead contamination 

mainly arises from battery manufacturing, pigments, 

plumbing, and mining activities [16-21]. Exposure to Pb2+ 

can result in serious neurological problems, kidney issues, 

anemia, developmental delays in children, and reproductive 

system damage [22-24]. Mercury contamination is often 

linked to chlor-alkali plants, pharmaceuticals, mining, and 

fossil fuel burning [25-28]. Hg2+ is highly toxic even at low 

levels, potentially causing brain damage, nervous system 

disorders, kidney failure, and ecological disruption through 
biomagnification in aquatic food chains [29-31]. Copper, 

while an essential trace element, becomes very toxic at high 

concentrations and is widely released from electroplating, 

alloy production, wire manufacturing, and cleaning industries 

[32-34]. Excess Cu2+ exposure can cause liver damage, 

gastrointestinal issues, and environmental harm to aquatic 

life. Because of the harmful effects of these heavy metals on 
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humans and ecosystems, it is crucial to implement effective 

wastewater treatment technologies before industrial effluents 

reach natural water bodies [35-36]. Traditional methods like 

chemical precipitation, ion exchange, membrane filtration, 

coagulation-flocculation, reverse osmosis, and 

electrochemical treatment have been used to eliminate heavy 

metals [37-38]. Nonetheless, these approaches often face 

challenges such as high operational costs, sludge production, 
suboptimal removal efficiency, and complex procedures. 

Among the available technologies, adsorption has emerged as 

one of the most effective, economical, and environmentally 

friendly techniques for heavy metal remediation, owing to its 

simplicity, high efficiency, regenerability, and ease of 

operation [39-40]. Recently, zeolitic materials and sodalite-

based adsorbents have attracted considerable attention for 

their high surface area, porous framework, ion exchange 

capacity, and excellent adsorption properties [41-43]. Coal fly 

ash, a major byproduct of thermal power plants, is generated 

in enormous quantities worldwide and poses serious disposal 
and environmental challenges. Since coal fly ash contains 

substantial amounts of silica and alumina, it serves as an 

excellent precursor for synthesising zeolitic materials. 

Converting fly ash into value-added adsorbents not only 

minimises industrial waste disposal problems but also 

contributes towards sustainable environmental management 

[43-44]. Multiple studies have documented the synthesis of 

zeolites and sodalite materials derived from fly ash for 

pollutant removal. Literature shows that porous sodalite 

exhibits excellent adsorption capabilities for toxic metal ions, 

thanks to its crystalline aluminosilicate structure and ion 

exchange properties [45-46]. Nevertheless, the creation of 
mesoporous bromosodalite with improved adsorption 

efficiency for the concurrent removal of Pb2+, Hg2+ and Cu2+ 

ions is still limited. In this study, bromosodalite (BR-SOD) 

was successfully synthesised from coal fly ash and 

characterised using FTIR, XRD, BET surface area analysis, 

FE-SEM, HR-TEM, and EDS elemental mapping. The 

mesoporous BR-SOD was evaluated as an efficient adsorbent 

for removing Pb2+, Hg2+, and Cu2+ ions from aqueous solution 

through batch adsorption studies. Key operational 

parameters, including pH, adsorbent dose, contact time, 

initial metal ion concentration, and temperature, were 
optimised. Furthermore, adsorption equilibrium behaviour 

was evaluated using the Langmuir adsorption isotherm model 

at temperatures of 301.15 K, 323.15 K, and 343.15 K. The 

study demonstrates that coal fly ash-derived bromosodalite is 

a promising, low-cost, and sustainable adsorbent for heavy 

metal wastewater treatment applications. 

 

II. MATERIALS AND METHODS 

 

 Material 

The primary precursor for synthesis, Coal Fly Ash 

(CFA), was sourced from the Nashik Thermal Power Station 
in Eklahara, Nashik, Maharashtra, India. This CFA was 

generated by combusting pulverised bituminous coal and 

provided a vital source of reactive silica (SiO₂) and alumina 

(Al₂O₃). Potassium bromide (KBr) of 99.9% purity was 

purchased from Sigma-Aldrich and serves as a structure-

directing agent. Sodium Hydroxide (NaOH) of 99% purity 

was acquired from Sigma-Aldrich and served as an activating 

agent. Heavy metal ion salts- CuSO4, HgCl2, and Pb(NO3)2- 

each 99% pure, were obtained from Sigma-Aldrich. Double-

distilled water was used throughout all synthesis and 

experimental procedures. All chemicals were used as 

received, without further purification. 

 

 Synthesis of Br-SOD 

The collected CFA was carefully purified by rinsing 
with dilute Nitric Acid (HNO₃) and double-distilled water to 

remove acid-soluble metal oxides and trace elements, 

including Fe, Ca, Mg, and unburned carbon. During this 

process, magnetic parts were separated and removed using a 

high-intensity magnetic stirrer and external magnets. The 

purified CFA was then filtered and dried to a constant weight 

in a laboratory oven. Synthesis began with a subcritical fusion 

method, in which cleaned CFA was mixed with Sodium 

Hydroxide (NaOH) at a 1:1 weight ratio and heated in a silica 

crucible at 550 °C for 2 hours in a muffle furnace. The fused 

material was dispersed in distilled water (1 g in 10 mL) with 
vigorous stirring. To this slurry, 7 g of KBr was added as a 

structure-directing agent. The mixture was transferred into a 

stainless-steel-lined Teflon autoclave and treated 

hydrothermally at 120°C for 6 days. The resulting creamy 

white polycrystalline bromosodalite, Na8[AlSiO4]6Br2, was 

collected by filtration, washed with deionised water until 

reaching a neutral pH, and then dried at 100°C for 24 hours, 

as shown in Figure 1. The bromosodalite framework was 

finalised after calcination at 550°C and named as Br-

SOD[47]. 

 

 
Fig 1 Flow Chart of Synthesis of Bromosodalite 
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 Characterization Techniques 

A comprehensive multi-analytical approach was 

employed to characterise the structural, optical, and 

morphological features of the synthesised catalysts. X-ray 

Diffraction (XRD) determined the crystalline phases and 

lattice constants. Fourier Transform Infrared (FT-IR) 

spectroscopy identified characteristic framework vibrations 

and functional groups associated with the sodalite structure. 
Field Emission Scanning Electron Microscopy (FE-SEM) 

was used to analyse surface morphology, particle size 

distribution, and aggregation states. This analysis was 

supported by Energy Dispersive X-ray (EDX) spectroscopy 

and elemental mapping, which verified the chemical 

composition and the uniform distribution of metal oxides. 

High-Resolution Transmission Electron Microscopy (HR-

TEM) provided detailed structural insights, visualising lattice 

fringes and confirming atomic-level crystallinity. 

 

 Metal Ion Removal Experimental Set-up 
To verify the Langmuir adsorption isotherm and explore 

its parameters- including solution pH, initial metal ion 

concentration, amount of adsorbent (Br-SOD), and contact 

time- individual metal ions were studied using the batch 

adsorption method. The metal ion adsorption capacity of Br-

SOD was assessed with equation 1, and the adsorbent's 

capacity was calculated using equation 2. 

 

% 𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =
𝐶0 − 𝐶𝑒

𝐶0
 𝑥 100 − − − − − − − − − 𝐸𝑞. 1 

 

𝑄𝑒 =  
𝐶0 − 𝐶𝑒

𝑚
 𝑥 𝑉 − − − − − − − − − − − − − −𝐸𝑞. 2 

 

 Effect of pH Variation 

An essential parameter in studying the adsorption of 

metal ions such as Cu2+, Hg2+, and Pb2+ onto Br-SOD is the 

solution pH. To analyse the effects of pH, 25 mL of a metal-
ion solution at a specific concentration was placed in multiple 

stoppered glass bottles. Each bottle received a standard buffer 

solution at pH 1, 3, 5, 7, 9, and 11, along with 0.250 g of Br-

SOD adsorbent. The bottles were then incubated in an oven 

at a fixed temperature for 2 hours, with intermittent shaking 

to reach equilibrium. Afterwards, the contents were filtered, 

and the filtrates were titrated with 1x10-3M EDTA solution in 

the presence of a pH 10 buffer solution using Eriochrome 

Black T (EBT) as the indicator. 

 

 Effect of Contact Time Variation 
The study measured the percentage of metal ions 

removed over time using 25 mL of 0.001 M metal-ion 

solutions in glass-stoppered bottles. To each bottle, 5 mL of 

buffer solution was added, with pH 7 for Pb2+ and pH 8 for 

Cu2+ and Hg2+. Then, 0.250 g of Br-SOD adsorbent was 

introduced, and the bottles were placed in an oven at the 

desired temperature. The solutions were stirred thoroughly 

until equilibrium was achieved, then filtered at various 

contact times (0, 30, 60, 90, 120, 150, 180, and 240 minutes) 

using Whatman filter paper. The filtrates were then titrated 
with 0.001 M EDTA, in the presence of a pH 10 buffer 

solution, using Eriochrome Black T (EBT) as the indicator. 

 

 Effect of Initial Metal Ion Concentration Variation 

Solutions of varying concentrations were prepared by 

diluting the stock metal salt solution with distilled water. 

Exactly 25 mL of each solution was transferred to 100 mL 

stoppered bottles. 5 ml of buffer at the desired pH was added 

to each bottle. Next, 0.250 g of Br-SOD adsorbent was 

introduced, and the bottles were placed in an oven at the 

specified temperature for 3 hours. The bottles were shaken at 
regular intervals to ensure equilibrium. After equilibrium, the 

solutions were filtered through Whatman filter paper. The 

filtrates were titrated with 0.001 M EDTA solution in the 

presence of a pH 10 buffer solution using Eriochrome Black 

T (EBT) as the indicator. 

 

 Effect of Adsorbent dose Variation 

To investigate the effect of adsorbent dose of Br-SOD, 

50 mL of metal ion solution having an initial concentration of 

100 mg/L was taken in a series of glass-stoppered bottles. To 

each bottle, 5 mL of buffer solution of the desired pH was 

added. Different amounts of Br-SOD adsorbent, ranging from 
0.1 to 1.0 g, were added to the respective bottles. The bottles 

were then kept in an oven at the desired constant temperature 

for 3 hours. During this period, the solutions were 

intermittently shaken to reach equilibrium. After 

equilibration, the solutions were filtered using Whatman filter 

paper. The filtrates were titrated against 1x10-3 M EDTA 

solution  in presence of pH 10 buffer solution using 

Eriochrome Black T (EBT) as the indicator. 

 

III. RESULTS AND DISCUSSION 

 
 FTIR 

FTIR of raw coal fly ash and synthesized bromosodalite 

were reported as shown in figure 2. a) Br-SOD and b) CFA 

significate changes are given in table.1 

 

Table 1 FTIR Data for Bromosodalite and CFA 

Wavenumber  (cm-1) Assignment/Functional Group Structural Evolution 

2350 (a) Asymmetric (CO2) stretch Appears; indicates ambient (CO2) adsorption/trapping in 

sodalite cages 

1400 / 1320 (b) Amorphous silicate/carbonate 

impurities 

Disappears, which signifies complete dissolution of the raw fly 

ash phase 

1000 (a and b) Asymmetric (T-O-T) (T = Si, Al) 

stretching 

Sharpens intensely, it confirms highly crystalline sodalite 

framework formed 

720 (a) Symmetric (T-O-T) stretching Appears cleanly and identifies the definitive sodalite secondary 

building units 
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Fig 2 FTIR Spectral Analysis for a) Bromosodalite b) Coal Fly Ash 

 

The successful transformation is evidenced by a 

complete reorganization of the aluminosilicate framework 

from a disordered state to a well-defined crystalline structure. 
In the raw coal fly ash spectrum (Figure 2b), the material 

shows broad, poorly resolved bands, particularly the wide 

features around 1400 cm⁻¹, 1320 cm⁻¹, and 1020–950 cm⁻¹—

which are typical of amorphous silicate glass, quartz, and 

mullite components present in raw ash. After alkaline 

hydrothermal treatment with bromide ions, this amorphous 

pattern vanishes, revealing the sharp vibrational signature of 

bromosodalite (Figure 2a). The key evidence of 

crystallisation is the appearance of a strong, narrow 

asymmetric (T-O-T) (T = Si, Al) tetrahedral stretching band 

centred at 1000 cm⁻¹, along with distinct symmetric 

framework vibrations at 720 cm⁻¹. Additionally, a prominent 

and sharp peak at 2350 cm ¹, unique to the Br-SOD spectrum, 

indicates the asymmetric stretching vibration of CO2 

molecules adsorbed onto the crystalline framework or trapped 
in sodalite cages during synthesis and handling. This notable 

change from a broad, multi-peaked amorphous pattern to 

sharp, isolated crystalline bands confirms that the raw coal fly 

ash has been fully converted into well-structured 

aluminosilicate framwork, Br-SOD. 

 

 X-ray Diffraction (XRD) 

The crystalline evolution is demonstrated by the 

complete phase restructuring shown between the raw material 

and the synthesized product in Figure 3 a) Br-SOD and b) 

CFA. In table 2 principle peaks are illustrated in detailed. 

 

Table 2 Characteristic XRD Peaks for Synthesized Br-SOD and CFA 

Peak Position (2θ) Mineral Phase / Crystalline Assignment Structural Evolution 

15o - 30o (Hump) Amorphous aluminosilicate glass matrix Flattens completely; signifies total dissolution of the 

disordered ash phase 

14.1o Bromosodalite  symmetric reflection Appears sharply; marks initial long-range crystalline 

ordering 

24.3o Primary Bromosodalite skeletal reflection Emerges as the highest intensity peak; confirms 

successful cage framework growth 

26.6o Residual Quartz (SiO2) impurity Disappears/diminishes; shows consumption of raw 

minerals into synthesis precursors 

34.8o / 43.2o Secondary Bromosodalite cubic reflections Emerge clearly; confirm high phase purity and high 

crystallinity of the sodalite 
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Fig 3 XRD Pattern of a) Bromosodalite b) Coal Fly Ash 

 
The raw coal fly ash XRD pattern Figure 3b is 

characterised by a broad, elevated background amorphous 

hump centred between 15° and 30° 2θ), which represents the 

disordered vitrified aluminosilicate glass phase dominant in 

industrial fly ash. Superimposed on this amorphous 

background are sharp, narrow diffraction reflections—most 

notably the highly intense peak positioned near 26.6°(2θ)—

which signify the presence of unreacted inert crystalline 

impurities like quartz (SiO2) and mullite (Al6Si2O13). Upon 

undergoing alkaline hydrothermal activation and conversion, 

the synthesized bromosodalite pattern Figure 3a exhibits a flat 

baseline entirely free of the amorphous halo, proving that the 
disordered glass phase has completely dissolved. It is 

replaced by an array of intense, sharp, and well-resolved 

Bragg reflections characteristic of a highly ordered cubic 

sodalite framework. The defining peaks of the newly formed 

bromosodalite phase emerge prominently at 14.1°, a 

dominant peak at 24.3°, followed by stable structural peaks at 

31.8°, 34.8°, and 43.2° (2θ). The complete disappearance of 

the primary quartz peak at 26.6°C indicates that the initial ash 

matrix was effectively consumed as a source of silicon and 

aluminium to build the crystalline cages of the 

aluminosilicate, Br-SOD framework. 

 

 Morphological Characterization 

The morphological evolution captured by Scanning 

Electron Microscopy (SEM) demonstrates a distinct 
structural transition from raw material to synthesized product, 

shown in figure 4. a) SEM image of CFA b) SEM image of 

Br-SOD. 

 

 
Fig 4 FE-SEM Pattern of a) Coal Fly Ash b) Bromosodalite 

 

The FE-SEM micrograph of raw coal fly ash shown in 

Figure 4a reveals the heterogeneous morphological nature of 

the precursor material, which is primarily composed of 

irregularly distributed particles with  ranges of sizes and 

shapes. CFA The surface morphology of coal fly ash 

generally consists of smooth spherical particles, cenospheres, 

porous fragments, and agglomerated aluminosilicate phases 

generated during high-temperature coal combustion in 

thermal power plants. Many particles exhibit glassy and 

relatively non-porous surfaces, indicating the presence of 

amorphous aluminosilicate materials along with some 

crystalline impurities such as quartz and mullite. The 
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spherical morphology observed in fly ash particles originates 

from the melting and rapid solidification of mineral matter 

during formation. In addition, some unburned carbon 

particles and rough-textured fragments can also be observed, 

contributing to the heterogeneous structure of the raw 

material. The dense and compact morphology of coal fly ash 

indicates limited active adsorption sites and comparatively 

lower surface area before hydrothermal treatment. However, 
the presence of reactive silica and alumina phases in the fly 

ash makes it an excellent precursor for the synthesis of 

zeolitic materials such as bromosodalite. 

 

The FE-SEM image of the synthesized Br-SOD in 

Figure 4b reveals a significant change in morphology after 

hydrothermal synthesis. The Br-SOD displays well-formed 

crystalline structures with a highly ordered cubic shape, 

indicating successful formation of bromosodalite from coal 

fly ash. The micrograph shows numerous fine cubic crystals 

evenly distributed and connected, forming spherical clusters. 
These spherical agglomerates result from the self-assembly 

and aggregation of individual bromosodalite nanocrystals 

during crystallization under alkaline hydrothermal 

conditions. The densely packed cubic crystals have 

intercrystalline voids and channels, creating a mesoporous 

framework. The clustering into spherical structures boosts 

surface roughness and porosity. Compared to raw fly ash, the 

Br-SOD is more porous, loose, and textured, with a larger 

surface area and interconnected pores. This transformation 

stems from the dissolution of amorphous aluminosilicate 

species in fly ash, followed by nucleation and 

recrystallization into a crystalline sodalite structure. The 
spherical aggregates of nano- to micro-sized cubic crystals 

provide extensive external surface area and more accessible 

adsorption sites, essential for heavy metal ion capture. 

Additionally, the mesoporous design promotes fast diffusion 

of Pb2+, Hg2+, and Cu2+ ions into internal adsorption sites. The 

morphological features align with BET surface area results 

and confirm that the bromosodalite has an optimal surface 

structure for adsorption. Overall, FE-SEM analysis shows 

that hydrothermal treatment effectively converts dense, less 

active fly ash particles into highly crystalline, mesoporous 

spherical aggregates of cubic bromosodalite crystals, which 

achieve excellent adsorption of hazardous heavy metals from 

aqueous solutions. 

 

 Batch Adsorption Study 

To verify the applicability of various adsorption 
isotherms and to investigate thermodynamic parameters, 

batch adsorption studies of individual metal ions were carried 

out. Different experimental parameters such as pH, contact 

time, initial metal ion concentration, and adsorbent dose were 

examined at different temperatures. 

 

 Variation of pH 

In order to study the effect of pH on the extent of 

adsorption, 25 mL of 1 × 10−3M metal chloride solutions 

were taken in a number of stoppered bottles. To these bottles, 

5 mL buffer solutions of different pH values (pH = 1, 3, 5, 7, 

9.10, 11, and 12) were added. Subsequently, 0.250 g of Br-

SOD was added to each bottle. The bottles were kept in an 
oven at the desired temperature and manually shaken at 

regular intervals. After 3 hours, the solutions were filtered 

through Whatman No. 40 filter paper. The filtrates obtained 

were titrated with 1 × 10−3M EDTA solution. The 

percentage adsorption was calculated using Eq. 1 and then 

plotted as a function of pH in Figure 5. 

 

The careful observation of Figure 5 shows that 

adsorption increases with increase in pH from 1 to 7 for Pb²⁺ 

and up to pH 8 for rest of two ions, after which it decreases. 

This indicates that the optimum pH for the adsorption of Cu²⁺ 

and Hg²⁺ ions is 8. And for Pb2+ ion is 7, Beyond these pH 

values, the percentage adsorption could not responds due to 
the formation of precipitates. For further adsorption study, 

these optimized pH values for respected metal ions are kept 

constant. 

 

 
Fig 5 Isotherm of Adsorption of Metal Ions with Varying pH 

https://doi.org/10.38124/ijisrt/26may1642
http://www.ijisrt.com/


Volume 11, Issue 5, May – 2026                                 International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                             https://doi.org/10.38124/ijisrt/26may1642 

 

 

IJISRT26MAY1642                                                               www.ijisrt.com                   2802 

 Variation of Contact Time 

The percentage adsorption of Cu²⁺, Hg²⁺, and Pb²⁺ ions 

on Br-SOD was investigated as a function of contact time. 

The obtained results were plotted against time at different 

temperatures, namely 303.15, 323.15, and 348.15 K (Figure 

6). The optimum uptake of metal ions was achieved within 

120 min. A slight decrease in percentage removal after 120 

min indicates that the adsorption process had attained 
equilibrium. Initially, the concentration gradient between the 

vacant adsorption sites of Br-SOD and the solution phase was 

very high; therefore, the adsorption rate was rapid during the 

first few minutes, resulting in nearly 15–40% adsorption. As 

the vacant sites were occupied by metal ions, the 

concentration gradient gradually decreased, thereby reducing 

the adsorption rate. After approximately 120 min, the 

adsorption rate became constant, confirming the attainment 

of equilibrium. An increase in temperature enhanced the 

kinetic energy of the metal ions, thereby facilitating greater 

diffusion of ions into the pores of Br-SOD and improving 
adsorption efficiency. 

 

 
Fig 6 Isotherm of Adsorption of Metal Ions with Varying 

Contact Time 

 Variation of Metal Ion Concentration 

The effect of the initial metal ion concentration on 

percentage adsorption was studied at different temperatures 

(303.15, 323.15, and 348.15 K), and the results are presented 

in Fig. 7. It was observed that the percentage adsorption 

initially increased with increasing initial metal ion 

concentration, reached a maximum, and thereafter remained 

constant once equilibrium was established. This behaviour 
can be explained by the availability of vacant adsorption sites 

and the number of metal ions in the solution phase. For a fixed 

quantity of adsorbent, the number of adsorption sites remains 

constant. At lower initial metal-ion concentrations, the 

number of vacant sites exceeds the number of metal ions in 

solution, leading to efficient adsorption. As the initial 

concentration of metal ions increases, more ions compete for 

the available adsorption sites until saturation is reached. 

Beyond this point, no significant increase in adsorption is 

observed because the available adsorption sites become fully 

occupied. 
 

 
Fig 7 Isotherm of Adsorption of Metal Ions with Varying 

Initial Metal Ion Concentration 
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 Variation of Adsorbent Dose 

Figure 8 represents the dependence of percentage 

adsorption of metal ions on the amount of Br-SOD used. As 

the amount of Br-SOD increased, the percentage removal of 

metal ions also increased. However, further increase in the 

amount of Cl-SoD did not produce any considerable increase 

in the percentage removal of metal ions. This behaviour can 

be explained by the number of metal ions available at a fixed 
initial concentration in the aqueous medium and the number 

of vacant adsorption sites on Br-SOD. As the amount of Br-

SOD increases, the number of vacant sites on its surface also 

increases, thereby enhancing adsorption. However, beyond a 

certain adsorbent dose, although the number of vacant sites 

continues to increase, the number of metal ions remaining in 

the solution becomes comparatively less than the available 

adsorption sites. Under such conditions, a sufficient driving 

force for further adsorption is not developed. Consequently, 

the adsorption reaches a maximum value and thereafter 

remains nearly constant. 
 

 
Fig 8 Isotherm of Adsorption of Metal Ions with Varying 

Adsorbent Dose 

IV. CONCLUSION 

 

This study shows that Br-SOD derived from coal fly ash 

is an effective and challenging material for removing metal 

ions from water. It was successfully synthesised from coal fly 

ash, providing a cost-effective and eco-friendly means of 

reusing industrial waste. Characterization confirmed the 

formation of bromosodalite with appropriate structure and 
surface features that enable efficient adsorption. 

Experimental results further demonstrated its outstanding 

ability to adsorb specific metal ions. Br-SOD showed the 

highest affinity towards Cu²⁺ ions among the three metal ions, 

demonstrating greater selectivity and a stronger interaction 

with copper compared to the others. Its greater adsorption 

capacity likely stems from its mesoporous structure, active 

sites, and ion exchange properties. Additionally, the 

adsorption experiments indicated that factors such as 

adsorbent dose, pH, and temperature play significant roles in 

the process. An increase in temperature led to a higher 
percentage of adsorption, suggesting that the adsorption 

process is endothermic. Higher temperatures possibly 

enhance the kinetic energy  of metal ions and increase the 

accessibility of active adsorption sites, thereby improving 

adsorption efficiency. The results clearly indicate that coal fly 

ash derived Br-SOD possesses excellent adsorption 

characteristics and can be effectively used as a low-cost and 

eco-friendly adsorbent for the removal of heavy metal ions, 

particularly Cu²⁺ ions, from wastewater. 
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