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ABSTRACT 

Water pollution continues to be a major global issue in the twenty-first century, requiring sophisticated and 

sustainable technology to safeguard human health, improve water quality, and conserve aquatic ecosystems. This work 

examines eco-friendly manufacture of magnesium oxide nanoparticles using rice husk as sustainable biomass source and 

assesses their efficacy in adsorbing Congo Red from aqueous solutions. Four MgO–rice husk nanocomposites, labeled RH–

MgO-1, RH–MgO-2, RHB–MgO-1, and RHB–MgO-2, were synthesized and characterized through Fourier transform 

infrared spectroscopy, X-ray diffraction and scanning electron microscopy, to analyze their morphological, structural, and 

crystalline properties. Batch adsorption tests indicated optimal pH values of 8.5 for RH–MgO-1 (37.8 mg/g), 9.0 for RH–

MgO-2 (39.0 mg/g), and 9.5 for both RHB–MgO-1 (43.6 mg/g) and RHB–MgO-2 (45.1 mg/g). The adsorption capabilities 

were determined using an adsorbent dosage of 0.05 g and contact duration of 45 minutes. The maximum adsorption capacities 

of 44.7, 58.2, 73.8, and 79.2 mg/g were attained for RH–MgO-1, RH–MgO-2, RHB–MgO-1, and RHB–MgO-2, respectively. 

Pseudo-first-order model yielded optimal fit for experimental data, whereas Langmuir model effectively characterized 

adsorption equilibrium, suggesting primarily monolayer adsorption. Thermodynamic evaluation verified that the process was 

spontaneous and exothermic. The impact of prevalent textile wastewater electrolytes (AlCl3·6H2O and NaCl, CaCl2·2H2O) 

at concentrations from 0.05 to 0.50 M, alongside heavy metal ions (lead and chromium) at 40 to 200 ppm, on the adsorption 

efficacy of Congo Red dye was systematically examined. Findings indicate that the synthesized MgO–rice husk 

nanocomposites are economical, eco-friendly, and highly effective adsorbents, possessing considerable potential for 

sustainable remediation of dye-contaminated wastewater.  
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1. INTRODUCTION 

The continuous discharge of synthetic dyes 

from textile, leather, paper, and printing industries poses 

a serious environmental challenge because of toxicity, 

persistence, and resistance to biodegradation. Congo Red 

(CR) is a hazardous anionic azo dye with high stability, 

carcinogenicity, and adverse ecological impacts. 

Conventional treatment methods often suffer from high 

costs, incomplete removal, or secondary pollution, 

making adsorption one of the most effective and 

economical approaches for dye-contaminated 

wastewater treatment. Among various adsorbents, MgO 

nanoparticles have gained considerable attention owing 

to high surface basicity, chemical stability, non-toxicity, 

and abundant active adsorption sites. However, particle 

agglomeration and limited surface area restrict the 

performance of pure MgO. Consequently, MgO has been 

integrated with porous supports, carbonaceous materials, 

and metal oxide composites to enhance its surface 

properties, adsorption efficiency, and structural stability. 

Several MgO-based nanocomposites have 

demonstrated remarkable adsorption and photocatalytic 

performances. Rice husk-derived silica was successfully 

employed to fabricate MFI zeolite-supported MgO 

nanoparticles, where the porous zeolite framework 

enhanced charge separation and enabled nearly 80% 

Methylene Blue (MB) photodegradation under UV 

irradiation(Albouyeh et al. 2020). Likewise, a green 
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hydrothermal Ag2O/MgO/rice husk ash composite 

synthesized using plant extracts exhibited excellent 

crystallinity, stable dielectric behavior, and broad-

spectrum antibacterial activity without compromising 

structural integrity (Sasikumar et al. 2026). An 

MgO/graphene oxide nanocomposite prepared by the 

solvothermal route achieved 97.84% Congo Red removal 

with an adsorption capacity of 684.85 mg g-1, following 

Freundlich isotherm and pseudo-second-order kinetic 

model (Guo and Bulin, 2021). Similarly, mesoporous 

MgO/g-C3N4 composites were synthesized and 

characterized by XRD, BET, FESEM, HRTEM, XPS, 

and FTIR, confirming high surface area and favorable 

morphology. The composite exhibited maximum 

adsorption capacities of 1250 mg g-1 for Congo Red and 

1791 mg g-1 for Basic Fuchsin, following the Langmuir 

isotherm and pseudo-second-order kinetics (Modwi et al. 

2022).  

In another study, a ZnO/MgO nanocomposite 

synthesized using Pechini sol–gel method displayed a 

maximum CR adsorption capacity of 317.46 mg g-1, 

excellent reusability, and adsorption behavior consistent 

with the Langmuir isotherm and pseudo-second-order 

kinetics. The nanocomposite exhibited BET surface area 

of 58.72 m2 g-1, crystallite size of 87.56 nm, and SEM 

particle size of ~372.77 nm. The material achieved a 

maximum CR adsorption capacity of 317.46 mg g-1 at pH 

2 within 90 minutes, following the Langmuir and pseudo-

second-order models with excellent reusability 

(Alghanmi and Abdelrahman, 2024). Palm leaf biochar-

functionalized MgO nanoparticles were characterized 

using FTIR, SEM, BET, and TGA, revealing a surface 

area increase from 2 to 178 m2 g-1 with enhanced 

mesoporosity. The adsorbent achieved ~99% CR removal 

at pH 4 using 0.03 g adsorbent, exhibited a Langmuir 

capacity of 23.4 mg g-1, and retained >89% efficiency 

after four regeneration cycles (Alfajri et al. 2026). 

Green synthesis has emerged as an 

environmentally sustainable strategy for developing 

multifunctional MgO-based nanomaterials. Biogenic Ag-

doped MgO nanocomposites synthesized using 

Eucalyptus globulus leaf extract exhibited a reduced 

optical bandgap together with 97.9% Congo Red 

degradation, complete Malachite Green degradation, and 

significantly enhanced antibacterial activity (Begum et 

al. 2025). Similarly, algal biochar-supported Ag 

nanocomposite was characterized by BET, FESEM-

EDX, FTIR, XRD, XPS, and TGA, confirming a 

mesoporous, thermostable structure with abundant active 

functional groups. The adsorbent achieved 95.92% CR 

removal (qe = 34.53 mg g-1) at pH 6 within 60 minutes, 

and maintained effective performance over five 

adsorption–desorption cycles (Shaikh et al. 2022a). 

These findings show synergistic benefits obtained 

through green synthesis and biomass-assisted 

nanocomposite fabrication. 

Besides nanocomposites, numerous low-cost 

agricultural residues have been investigated as 

sustainable biosorbents for dye removal. Rice straw 

fibres were characterized using FTIR, HR-XRD, 

FESEM-EDS, BET, and pHₚzc, demonstrating their 

suitability as lignocellulosic biosorbents. Maximum 

removal efficiencies of 88.7% (Malachite Green), 87.5% 

(MB), 82.87% (Basic Fuchsin), and 22.2% (CR) were 

obtained with cationic dye adsorption following 

Langmuir isotherm and second-order (Gupta and Dey, 

2025). Powdered Spathodea campanulata leaves were 

employed as a low-cost biosorbent for CR removal, and 

process variables were optimized using response surface 

methodology. The optimized conditions yielded a 

maximum CR removal efficiency of 88.2%, 

demonstrating the effectiveness of this sustainable 

biosorbent (Ravikumar and King, 2020).  A magnetic 

biosorbent derived from Phragmites australis was 

characterized using SEM and FTIR to evaluate its 

morphology and surface functional groups. Material 

achieved 97% CR removal with maximum adsorption of 

3.36 mg g-1, reached an equilibrium within 180 minutes, 

and followed Langmuir isotherm and second-order 

kinetic model (Abdallah and Alprol, 2024). 

Recent studies have further emphasized 

importance of sustainable nanomaterials with enhanced 

adsorption performance. Green-synthesized Mn 

nanoparticles derived from pine needle extract were 

characterized for morphology, surface functional groups, 

and textural properties prior to Methylene Blue 

adsorption. Adsorption followed pseudo-second-order 

model (R2 = 0.9983) and Freundlich isotherm (R2 = 

0.9931), with ΔH° = −32.02 kJ mol-1 and ΔG° < 0, 

confirming a spontaneous and exothermic physisorption 

process (Ameen et al. 2026). Graphene-like porous 

carbon synthesized from walnut shell waste showed BET 

surface area of 45 m2 g-1, pore volume of 6.94 cm³ g-1, 

and average pore diameter of 4.73 nm, confirming a 

mesoporous structure. The adsorbent achieved maximum 

adsorption capacities of 83.53 mg g-1 (diclofenac), 40.68 

mg g-1 (ciprofloxacin), and 40.57 mg g-1 (tetracycline), 

following Langmuir isotherm and pseudo-second-order 

kinetics, while MLP model predicted adsorption with R2 

= 0.98–1.00 (Sabherwal et al. 2026). Similarly, green 

ZnO nanoparticles synthesized by Mangifera indica and 

Syzygium cumini leaf extracts achieved 99% Methyl Red 

removal with excellent regeneration capability (Inam et 

al. 2025). Furthermore, polypyrrole-coated TiB2 

nanoparticles exhibited 98.75% Congo Red removal 

together with excellent adsorption stability during 

repeated adsorption–desorption cycles (Mayakannan et 

al. 2022). 

Although numerous MgO-based composites 

and biomass-derived adsorbents have been reported, 

relatively few studies have systematically investigated 

green-synthesized MgO nanocomposites derived from 

rice husk processed through different biomass 
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modification routes, including raw biomass, alkali-

treated biomass, and biochar produced at different 

pyrolysis temperatures. Moreover, comprehensive 

evaluations integrating adsorption optimization, kinetic 

modeling, equilibrium isotherms, thermodynamic 

analysis, electrolyte effects, heavy metal interference, 

desorption behavior, and reusability remain limited. 

Therefore, the present study develops eco-friendly MgO–

rice husk nanocomposites using raw rice husk, alkali-

treated rice husk, and rice husk biochars prepared at 

different pyrolysis temperatures as sustainable biomass 

supports. The synthesized nanocomposites are 

comprehensively characterized using XRD, FTIR, and 

SEM followed by systematic evaluation of CR 

adsorption under varying operating conditions. 

Adsorption behavior is further interpreted using kinetic, 

equilibrium, and thermodynamic models together with 

regeneration and interference studies to establish the 

potential of these sustainable MgO–rice husk 

nanocomposites for practical wastewater remediation. 

2. MATERIALS AND METHODS 

2.1 Materials 

Congo Red dye, magnesium nitrate hexahydrate 

[Mg(NO3)2·6H2O] and ethanol were obtained from Star 

Scientific, Erode, Tamil Nadu, India. Rice husk was 

sourced from local rice mills in Coimbatore, and utilized 

to fabricate four distinct MgO-based adsorbents: RH–

MgO-1 (raw rice husk + MgO), RH–MgO-2 (alkali-

treated rice husk + MgO), RHB–MgO-1 (rice husk 

biochar + MgO, pyrolyzed at 500 ℃), and RHB–MgO-2 

(rice husk biochar + MgO, pyrolyzed at 700 ℃).  

2.2 Raw Rice Husk Preparation 

The harvested rice husk was meticulously rinsed 

with running water and subsequently with double-

deionized water to eliminate dust and surface 

contaminants. Purified rice husk was air-dried for 5 days 

to eliminate residual moisture. Desiccated substance was 

pulverized into fine powder. About 1 g of this powder 

was subjected to treatment with 100 mL of 95% ethanol 

for roughly 3 hours under continuous agitation (Ali and 

Dreaa, 2023). The treated sample was thoroughly rinsed 

using double-deionized water and permitted to dry at 

fume hood for 2 hours. Material was subsequently oven-

dried at 70 ℃ for 20 hours, yielding purified raw rice 

husk powder (RH), which was utilized for the synthesis 

of the RH–MgO-1 nanocomposite. 

2.3 Alkali-treated Rice Husk Preparation 

The purified and desiccated rice husk was 

submerged in 5 wt.% NaOH solution at room temperature 

for 4 hours to eliminate hemicellulose, lignin, waxes, and 

other contaminants from the biomass surface (Gaddala et 

al. 2025). The alkali-treated rice husk was subsequently 

rinsed multiple times with double-deionized water until 

neutral pH was achieved. Material was dried in hot-air 

oven at 70 ℃ for 20 hours, pulverized into fine powder, 

and stored in airtight container for the synthesis of the 

RH–MgO-2 nanocomposite. 

2.4 Biochar Production from Rice Husk 

The purified and desiccated rice husk was 

positioned in ceramic crucibles and subjected to 

pyrolysis in a muffle furnace under restricted oxygen 

conditions (Khasim et al. 2024). Two distinct pyrolysis 

temperatures were utilized to produce rice husk biochar 

samples. The initial batch was subjected to temperature 

of 500 ℃ at heating rate and held for 2 hours, resulting 

in RHB–MgO-1. Second batch underwent pyrolysis 

under the same circumstances at 700 ℃ for 2 hours to 

yield RHB–MgO-2. Upon natural cooling to ambient 

temperature, both biochar samples were pulverized into 

fine powders, passed through a 100-mesh filter, and 

preserved in airtight containers for the subsequent 

production of MgO nanoparticles. 

2.5 Synthesis of MgO  

Extracts of alkali-treated rice husk, raw rice 

husk, rice husk biochar pyrolyzed at 500 ℃ (RHB-500), 

and rice husk biochar at 700 ℃ (RHB-700) were 

produced by dispersing 10 g of each dried powder in 100 

mL of distilled water. Suspensions were incubated at 40 

℃ for 24 hours with shaking at 50–70 rpm utilizing 

shaker. Subsequent to incubation, each extract was 

subjected to filtration by Whatman No. 1 filter paper to 

get clear filtrate. 

In the green production of MgO nanocomposites, 20 mL 

of rice husk extract was individually combined with a 0.1 

M magnesium nitrate hexahydrate solution while 

maintaining continuous magnetic stirring for 5 hours. 

The reaction mixtures were permitted to stand at ambient 

temperature for 24 hours, leading to the development of 

a white magnesium hydroxide precursor. The precipitates 

were obtained using centrifugation, thoroughly washed 

with distilled water and ethanol to eliminate 

contaminants, and dried at hot-air oven at 70 ℃ for 12 

hours (Li et al. 2020). Dried powders were ultimately 

calcined in a muffle furnace at 450 ℃ for 3 hours to 

produce MgO nanocomposites, labeled as RH–MgO-1, 

RH–MgO-2, RHB–MgO-1, and RHB–MgO-2. The 

comprehensive synthesis protocol is shown in Fig. 1.  

2.6 Congo Red Solution Preparation 

Congo Red dye was used as the pollutant for the 

adsorption studies. A stock solution was prepared by 

dissolving 1 g of CR dye in 1 L of deionized water. 

Working solutions with concentration between 20 and 

180 mg/L were generated through precise dilution of 

stock solution (Raman et al. 2025). Absorbance of dye 
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solutions was quantified by UV–Visible 

spectrophotometer (Shimadzu, Japan), and calibration 

curve was constructed at peak absorption wavelength 

(λmax = 497 nm) for quantitative assessment. Fig. 2 

illustrates the comprehensive preparation of the dye 

solutions. 

 

Fig. 1: Preparation of rice husk extract 

 

Fig. 2: (a) Congo red dye, (b) Stock dye solution and (c) 
Aqueous dye solutions 

2.7 Adsorption Experimental Procedure 

Adsorption efficacy of the synthesized MgO–

rice husk nanocomposite adsorbents was assessed 

utilizing Congo Red dye as the model contaminant. 

Process parameters, like adsorbent dosage, initial dye 

concentration, pH, temperature, and contact duration 

were examined (Güllüce et al. 2026). The adsorption 

tests were conducted in 250 mL conical flasks, whereby 

50 mL of CR dye was combined with requisite quantity 

of adsorbent. A pH of solution was modified utilizing 0.1 

M NaOH and 0.1 M HCl solutions. Flasks was enveloped 

in aluminum foil and positioned in orbital shaker. The 

contact duration, pH, temperature, initial dye 

concentration and adsorbent dosage were changed within 

ranges of 2–11, 0.11–0.11 g, 6–60 minutes, 25–125 mg/L, 

and 35–65 ℃. Following necessary contact duration, 

adsorbents were isolated via centrifugation at 5000 rpm, 

and the remaining dye concentration was quantified by 

UV–Visible spectrophotometer at λmax = 497 nm (Abou 

et al. 2020). The equilibrium adsorption capacity was 

calculated using equation 1, which is the amount of 

adsorbate taken up by the adsorbent per unit mass at 

equilibrium. 

     𝑞𝑒 =
(𝐶𝑜−𝐶𝑒)𝑉

𝑊
                 ... (1) 

3. RESULTS AND DISCUSSION 

3.1 Optimization Variables 

3.1.1 Effect of Solution pH 

The pH of solution is essential in regulating 

surface of ionization state of the adsorbate, therefore 

affecting adsorption process. Optimal pH values for the 

highest adsorption capabilities of RH–MgO-1, RH–

MgO-2, RHB–MgO-1, and RHB–MgO-2 were identified 

as 8.5 (37.8 mg/g), 9.0 (39.0mg/g), 9.5 (43.6 mg/g), and 

9.5 (45.1 mg/g), respectively. The adsorption efficacy of 

synthesized MgO–rice husk nanocomposites for CR dye 

was examined across a pH spectrum of 3.0 to 10.5. 

Likewise, in a previous study, Tecoma stans flower-

derived MgO exhibited the highest adsorption capacity 

(150.49 mg g-1) with 99.7% CR removal under optimum 

conditions (Nguyen et al. 2021). The pH was modified 

utilizing 0.1 M NaOH or 0.1 M HCl. The outcomes 

showed that alkaline circumstances enhanced adsorption 

of CR dye, with peak adsorption capabilities occurring at 

pH 8.5–9.5, as depicted in Fig. 3. 

 

Fig. 3: Effect of solution pH on adsorption 

Adsorption of Red XGRL utilizing polymeric 

nanocomposites indicated that optimal adsorption 

efficiency was attained within pH range 8–11. The data 

was ascribed to advantageous electrostatic interactions 

and the presence of active adsorption sites on adsorbent 

surface. 

The current work reveals that the synthesized 

MgO–rice husk nanocomposites (RH–MgO-1, RH–
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MgO-2, RHB–MgO-1 and RHB–MgO-2) show 

significant adsorption capacities for Congo Red dye, 

achieving optimal adsorption capacities of 37.8, 39.0, 

43.6, and 45.1 mg/g, respectively. The improved 

adsorption efficacy is due to synergistic effects of 

hydrogen bonding, surface complexation, and porous 

architecture of the MgO–rice husk composites, which 

offer numerous active sites for dye adsorption. The 

analysis of four distinct MgO-based adsorbents reveals 

their superior adsorption effectiveness, highlighting their 

potential as sustainable and eco-friendly materials for 

remediation of dye-contaminated wastewater. 

3.1.2 Effect of biosorbent dose 

The adsorption capability of the synthesized 

MgO–rice husk nanocomposites under varying operating 

conditions was crucial factor influencing the adsorption 

process. Influence of adsorbent dose on elimination of 

CR dye was examined within range 0.04–0.21 g per 50 

mL of dye solution. Fig. 4 illustrates that adsorption 

capacity of synthesized nanocomposites fluctuated with 

augmentation of adsorbent dosage. The adsorption 

capabilities of the nanocomposites diminished 

progressively with the augmentation of adsorbent dose, 

attributed to overlap of active adsorption sites and 

aggregation of adsorbent particles. Under optimal 

operating conditions (pH 8–10, 35 ℃, and 120 rpm), the 

adsorption capacities diminished from 47.1 to 27.0 mg/g 

for RH–MgO-1 and from 40.2 to 29.3 mg/g for RH–

MgO-2, while analogous decreasing trends were noted 

for RHB–MgO-1 and RHB–MgO-2 as adsorbent dosage 

escalated from 0.04 to 0.21 g. Similarly, when Green 

CuO synthesized from Polygonum sivasicum extract was 

characterized under optimum conditions (pH 5, 328 K, 

24 h,), the adsorbent achieved 89% tetracycline removal 

with Langmuir adsorption capacity of 217.39 mg g-1, 

following pseudo-second-order kinetic model (Şentürk 

and Topal, 2026). 

 

Fig. 4: Effect of biosorbent dose on adsorption 

The optimal adsorbent dosage was established 

as 0.05 g per 50 mL of dye solution. A prior investigation 

(Khader et al. 2021) examined addition of adsorbent 

dosage on elimination of Drimaren Black CL-B dye by 

rice husk as biosorbent within the dose range of 0.05–

0.30 g. The findings indicated that optimal adsorption 

occurred at 0.05 g; however, raise in adsorbent dose led 

to reduction in adsorption capacity because of particle 

aggregation and the overlap of active adsorption sites. 

3.1.3 Effect on Contact Time 

The primary factor in dye adsorption was 

duration of contact time between dye molecules and 

powder. The effects of contact time was examined within 

range of 10 to 65 minutes, and the results are presented 

in Fig. 5.  

 

Fig. 5: Effect of contact time on adsorption 

3.1.4 Effect on Temperature 

The findings indicated that contact time 

significantly affected the adsorption efficacy of the 

synthesized MgO–rice husk nanocomposites for Congo 

Red dye. The adsorption process was rapid in first 20 

minutes, then exhibited a progressive decline at 

adsorption rate as the active sites became occupied, until 

achieving equilibrium after 60 minutes. After 45 minutes, 

the adsorption capacities of RH–MgO-1, RH–MgO-2, 

RHB–MgO-1, and RHB–MgO-2 were 36.5, 39.0, 42.6, 

and 44.8 mg/g, respectively (Fig. 6). Consequently, 60 

minutes were deemed optimal contact duration, as no 

substantial enhancement in adsorption capacity was 

noted beyond this timeframe. 

The investigation indicated that the adsorption 

capacity surged swiftly during the initial phase and 

gradually attained equilibrium after 60 minutes, 

signifying the saturation of available adsorption sites. 

The MgO–rice husk nanocomposites attained 

adsorption equilibrium in 60 minutes, exhibiting a 
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significantly more rapid adsorption rate compared to a 

previously documented sawdust-based composite (Guo 

and Bulin, 2021). RHB–MgO-2 achieved adsorption 

capacity of 40.3 mg/g in 60 minutes, demonstrating rapid 

absorption of CR molecules. Comprehensive analysis of 

the 5–60 minutes interval distinctly identified two 

separate adsorption stages: an initial rapid adsorption 

phase (0–20 minutes) characterized by numerous active 

surface sites, succeeded by a slower adsorption phase 

(20–60 minutes) linked to the gradual saturation of these 

sites and intraparticle diffusion. The relatively brief 

equilibrium period and elevated adsorption capacity 

indicate the potential of the synthesized MgO–rice husk 

nanocomposites as effective and sustainable adsorbents 

for the remediation of dye-contaminated wastewater. 

Temperature affects adsorption capacity of 

adsorbent. Temperature on removal of basic CR dye was 

examined, maintaining all other variables constant within 

the range 35 to 65 ℃. The results indicated exothermic 

nature of adsorption of basic CR dye, as dye removal 

capacity of biocomposites diminished from 37.2 to 32.2 

mg/g and from 39.6 to 35.6 mg/g.  

Diminished adsorption capacity at temperatures 

is due to attenuation of contacts between CR molecules 

and active adsorption sites, alongside the heightened 

kinetic dye molecules, which facilitates their desorption 

from the adsorbent surface. The results demonstrate that 

35 ℃ was the optimal working temperature for 

maximizing adsorption of CR dye with synthesized 

MgO–rice husk nanocomposites. 

 

Fig. 6: Effect of temperature on adsorption 

Adsorption of CR dye utilizing a MgO–

graphene oxide (MgO–GO) composite within the 25–60 

℃ temperature range. The findings indicated that 

adsorption capacity diminished with rising temperature, 

signifying that adsorption process was exothermic. The 

adsorption capacity of RH–MgO-1 diminished from 37.2 

to 32.2 mg/g at 35 °C to 65 °C, hence affirming the 

exothermic characteristic of the adsorption process. The 

synthesized MgO–rice husk nanocomposites, derived 

from inexpensive agricultural waste, offer a sustainable 

and eco-friendly alternative to synthetic MgO–GO 

composites, while exhibiting superior adsorption 

performance and distinct thermodynamic behavior 

appropriate for adsorption and thermodynamic analyses. 

3.1.5 Effect on Dye Concentration 

Dye concentration is a crucial factor affecting 

adsorption capacity of an adsorbent, as it dictates mass 

transfer force among dye molecules and adsorbent 

surface. Impact of initial Congo Red dye concentration 

was examined within the range of 35–130 mg/L under 

optimal adsorption conditions. The outcomes show that 

adsorption capability of the synthesized MgO–rice husk 

nanocomposites augmented with higher initial dye 

concentrations, attributable to the increased 

concentration gradient and elevated collision frequency 

between accessible adsorption sites and dye molecules. 

Highest adsorption capacities were 44.7 mg/g for RH–

MgO-1 at dye concentration of 100 mg/L, whereas RH–

MgO-2, RHB–MgO-1, and RHB–MgO-2 had maximum 

adsorption capacity of 58.2, 73.8, and 79.2 mg/g, 

respectively, at dye concentration of 130 mg/L. All 

adsorption experiments was performed at the previously 

adjusted conditions, and outcomes are illustrated in Fig. 

7. The current research quantitatively assessed the 

adsorption capabilities of four distinct MgO–rice husk 

nanocomposites.  

 

Fig. 7: Effect of initial dye concentration 

Adsorption tests utilized dye concentrations 

between 20 and 100 ppm, with an adsorbent dosage of 

0.01 g. Their findings showed that adsorption capacity 

raised with higher initial dye concentration because of 

augmented mass transfer driving force between 

adsorbent surface and dye molecules. Among 

synthesized adsorbents, RHB–MgO-2 demonstrated 

maximum adsorption of 79.2 mg/g at concentration of 

130 mg/L, signifying its exceptional adsorption efficacy.  

3.2 Nanoparticle Characterization 
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3.2.1 Infrared Spectra of Nanocomposites 

The FT-IR data for the adsorbents (RH–MgO-1, 

RH–MgO-2, RHB–MgO-1, and RHB–MgO-2) are 

presented in Fig. 8.  

 

Fig. 8: FTIR spectra of prepared adsorbent composites 

The FTIR spectra of the synthesized MgO–rice 

husk nanocomposites were recorded over the 

wavenumber range of 4000–400 cm-1 before and after 

Congo Red adsorption to identify the surface functional 

groups involved in the adsorption process. The FTIR 

spectra of RH–MgO-2 displayed a pronounced broad 

peak about 3420-3440 cm-1, indicative of stretching 

vibration of O–H groups derived from hydroxyl 

functionalities in the alkali-treated rice husk. The alkali 

treatment increased the accessibility of hydroxyl groups 

by eliminating lignin, hemicellulose, and other surface 

contaminants (Sharmiladevi et al. 2024). The RH–MgO-

1 sample exhibited distinct O–H and C=O stretching 

vibrations at roughly 3435 cm-1 and 1640 cm-1, signifying 

the existence of cellulose, hemicellulose, and residual 

lignin functional groups. Conversely, RHB–MgO-1 and 

RHB–MgO-2 displayed relatively diminished O–H 

absorption bands attributable to the thermal degradation 

of hydroxyl-bearing compounds during pyrolysis, 

whereas the carbonaceous framework of the biochar 

fostered unique surface functional groups that enhanced 

dye adsorption. The identified oxygen- functional 

groups, like hydroxyl groups, were crucial in the 

reduction and stabilization of Mg2+ ions during the 

synthesis of MgO nanoparticles (Malkari and Boddu, 

2025). Moreover, these functional groups offered several 

active adsorption sites for interaction with CR by 

hydrogen bonding, electrostatic interactions, and surface 

complexation, hence improving the adsorption efficacy 

of the synthesized MgO–rice husk nanocomposites. 

3.2.2 XRD Pattern of MgO Nanoparticles 

X-ray diffraction patterns of MgO nanoparticles 

adsorbed over RHB–MgO-2 and RH–MgO-1 are 

illustrated in Fig. 9 (a) and (b).  

 

 

Fig. 9: (a) XRD pattern of RHB–MgO-2 and (b) XRD pattern 
of RH–MgO-1 

The synthesized MgO–rice husk 

nanocomposites displayed X-ray diffraction patterns 

with distinct peaks at 36.9°, 42.9°, 62.3°, 74.7°, and 

78.6°, which correspond to (111), (200), (220), (311), and 

(222) crystallographic FCC MgO, respectively. Lack of 

supplementary diffraction peaks signifies the great phase 

purity of the synthesized MgO nanoparticles, with no 

observable secondary crystalline phases. The distinct and 

well-defined peaks further validate excellent crystallinity 

of synthesized MgO nanocomposites. The average 

crystallite sizes of RH–MgO-1, RH–MgO-2, RHB–

MgO-1, and RHB–MgO-2 were determined by Debye–

Scherrer equation (equation 2), demonstrating effective 

synthesis of nanocrystalline MgO. The subtle broad 

diffraction features detected in the biochar-supported 

samples were ascribed to the amorphous carbon structure 

of rice husk biochar, which did not influence the 

crystalline characteristics of the MgO phase (Li et al. 

2020). 

   𝐷 =
𝐾⋅𝜆

𝛽⋅Cos𝜃
                 … (2) 



N. Krishnamoorthy et al. / J. Environ. Nanotechnol., Vol. xx(x), xx-xx (20xx) 

 

3.2.3 SEM Analysis 

The SEM analysis was conducted to examine 

the surface morphology of the synthesized material as 

illustrated in Fig. 10 (a-d). The SEM micrograph revealed 

a rough, porous surface with numerous exposed and 

accessible binding sites, which are favorable for the 

adsorption of dye molecules. 

 

Fig. 10: SEM images of (a) RH–MgO-1 (b) RH–MgO-2 (c) RHB–MgO-1 and (d) RHB–MgO-2 

3.3 Kinetic Analysis 

3.3.1 Pseudo First order 

The adsorption model describes the conditions 

governing liquid–solid adsorption and elucidates the 

variation in dye concentration with time, as shown in Fig. 

11. 

 

Fig. 11: Linear plot of pseudo-first-order kinetics 

 

Equations (3 and 4) for pseudo first order are 

shown below (Gadore et al. 2023). 

log⁡(𝑞𝑒 − 𝑞𝑡) = log⁡ 𝑞𝑒 − 𝑘1
𝑡

2.303
          … (3) 

𝑞𝑡 = 𝑞𝑒(1 − 𝑒−𝐾1.𝑡)  … (4) 

A nonlinear equation was employed in nonlinear 

regression to prevent linearization. Contact duration 

(minutes) is t, biosorption capacity is qe at equilibrium. 

Table 1 presents the correlation coefficient (R2), k1, and 

the estimated and experimental biosorption for 

elimination of basic blue dyes. 

3.3.2 Pseudo Second Order 

Pseudo second-order kinetic model elucidates 

entire spectrum of contact time. Fig. 12 shows the linear 

plot of pseudo-second-order kinetics. 
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Fig. 12: Linear plot of pseudo-second-order kinetics 

       𝑑𝑞𝑡
𝑑𝑡

= 𝐾2(𝑞𝑒 − 𝑞𝑡)
2              … (5) 

Pseudo second-order refers to constant for 

sorption (Shaikh et al. 2022b).  

           (
𝑡

𝑞𝑡
) =

1

𝐾2𝑞𝑒
2 +

𝑡

𝑞𝑒
                  … (6) 

The values of R2, K2, 𝑞𝑒 cal and 𝑞𝑒 exp for 

removal of basic Congo Red are presented at Table 1. 

3.3.3 Diffusion-controlled Adsorption Model 

Biosorption of sorbate onto biosorbent were 

delineated at three principal stages of intra-particle 

diffusion. Initially, sorbate molecules at bulk phase 

adhere to surface through film diffusion. Sorbate 

molecules were conveyed into internal locations of 

biosorbent surface. Third stage entails adsorption of 

sorbate molecules at internal pore surfaces and central 

sites. Fig. 13 shows the linear Weber-Morris diffusion 

model plot. 

 

Fig. 13: Linear weber–morris diffusion model plot 

The overall rate of adsorption was governed by 

the rate-limiting phase. Adsorption capacity was 

proportional to square root of contact time. The equation 

of the model (Kumar and Kumar, 2022) is shown below: 

𝑞𝑡 = 𝐾𝑝𝑖𝑡
1

2 + 𝐶𝑖  … (7) 

The R2, Ci and Kpi, values for adsorption of basic 

CR dye utilizing various adsorbents is presented in Table 

1. 

Table 1. Kinetic model data of congo red removal 

Kinetic 

Model 

Congo Red Dye 

RH–

MgO-1 

RH–

MgO-2 

RHB–

MgO-1 

RHB–

MgO-2 

Pseudo -1 

36.8 33.9 39.4 41.8 

31.42 29.15 34.27 36.80 

0.0618 0.0564 0.0642 0.0671 

0.954 0.947 0.961 0.968 

Pseudo -2 

36.8 33.9 39.4 41.8 

35.91 33.46 38.52 41.05 

0.00328 0.00374 0.00312 0.00291 

0.998 0.997 0.999 0.999 

Intraparticle 

Diffusion 

3.441 3.870 2.764 2.394 

9.972 4.100 18.119 22.669 

0.9435 0.9172 0.9349 0.9180 

Table 1 illustrates the relevance of different 

adsorption kinetic models to experimental data regarding 

adsorption of CR dye onto synthesized MgO–rice husk 

nanocomposites (RH–MgO-1, RH–MgO-2, RHB–MgO-

1, and RHB–MgO-2). The computed kinetic parameters, 

comprising the coefficient of determination (R2), pseudo-

first (k1), second-order rate constant (k2), intraparticle 

diffusion rate constant (Kpi), and intercept (Ci) are 

presented in this table. Of the examined models, pseudo-

first-order kinetic model showed the most favorable 

alignment to the experimental data, demonstrated by 

greatest R2 and the tight correlation between 

experimental and estimated equilibrium adsorption. The 

intraparticle diffusion model demonstrated correlation 

coefficient (R2 = 0.95). Nonetheless, failure of diffusion 

plots to intersect the origin shows that intraparticle 

diffusion was not exclusive rate-controlling factor, 

implying both surface adsorption and film diffusion 

significantly contributed to the total adsorption 

mechanism. 
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3.4 Thermodynamic Analysis 

Thermodynamic analysis (Fig. 14, Table 2) 

elucidates the characteristics of biosorption process. 

Thermodynamics, including enthalpy change (ΔHₒ), and 

entropy change (ΔSₒ) was computed utilizing biosorption 

thermal data for elimination of basic CR dye.  

 

Fig. 14: Thermodynamic analysis of adsorption process 

Table 2. Thermodynamic parameters of congo red 

Thermodynamic 

Range 
Temperature 

RH–MgO-1 308 313 318 328 338 

RH–MgO-1 ΔG° 

(kJ/mol) 
-2.776 -2.63 

-

2.378 

-

2.081 

-

1.641 

ΔH° (kJ/mol) 
-

20.388 
    

ΔS° (J mol-1 K-1) 
-

55.996 
    

RH–MgO-2 ΔG° 

(kJ/mol) 
-3.479 

-

3.346 

-

3.155 

-

2.881 

-

2.506 

ΔH° (kJ/mol) 
-

18.544 
    

ΔS° (J mol-1K-1) 
-

47.897 
    

RHB–MgO-1 

ΔG° (kJ/mol) 
-5.088 

-

4.628 

-

4.183 

-

3.679 

-

3.131 

ΔH° (kJ/mol) 
-

35.504 
    

ΔS° (J mol-1 K-1) 
-

97.096 
    

RHB–MgO-2 

ΔG° (kJ/mol) 
-6.5 

-

5.694 

-

5.153 

-

4.563 

-

3.943 

ΔH° (kJ/mol) 
-

45.584 
    

ΔS° (J mol-1 K-1) 
-

125.12 
    

RH–MgO-1 ΔG° 

(kJ/mol) 
-2.776 -2.63 

-

2.378 

-

2.081 

-

1.641 

ΔH° (kJ/mol) 
-

20.388 
    

ΔS° (J mol-1 K-1) 
-

55.996 
    

Values of ΔGₒ at various temperatures was 

computed by subsequent equations : 

Δ𝐺𝑜 = Δ𝐻𝑜 − 𝑇Δ𝑆𝑜  … (8) 

Δ𝐺𝑜 = −RTln⁡ 𝐾𝑑   … 

(9) 

ln⁡(𝐾𝑑) =
Δ𝑆𝑜

𝑅
−

Δ𝐻𝑜

𝑅
×

1

𝑇
  … (10) 

The negative ΔH° values signify that adsorption 

of CR dye onto synthesized MgO–rice husk 

nanocomposites is an exothermic process, indicating that 

heat is liberated during the adsorption. Negative values 

of ΔS° signify reduction in entropy at solid–liquid 

throughout adsorption process, suggesting that the dye 

molecules attain greater order upon adsorption onto the 

surface of the nanocomposites. Moreover, negative ΔG° 

at the examined temperatures validates that the 

adsorption was spontaneous and thermodynamically 

advantageous. Value of ΔG° signifies that the adsorption 

of CR onto the synthesized MgO–rice husk 

nanocomposites happens spontaneously, without 

necessitating external energy input.  

3.5 Adsorption Isotherm Study 

Langmuir isotherm equation is presented below 

(Sarreshtehdar et al. 2023). 

𝐶𝑒

𝑞𝑒
=

1

𝑞
𝑚𝑏

+
𝐶𝑒

𝑞𝑚
  … (11) 

In this context, qm (mg/g) shows maximum 

biosorption capacity, whereas Langmuir constant reflects 

energy of biosorption. Langmuir isotherm RL were 

computed using the following equation (Sugumar et al. 

2024). 

𝑅𝐿 =
1

1+𝑏𝐶𝑂
  … (12) 

In this context, the dimensionless constant 

referred to as RL is the equilibrium parameter, Co was the 

starting dye concentration, and b is the Langmuir 
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constant. The RL is presented in Fig. 15. Rasilingwani et 

al. (2024) developed a nanocomposite adsorbent 

comprising MgO nanoparticles embedded in bentonite 

clay for the treatment of dye-contaminated wastewater. 

The adsorbent achieved ≥99% CR removal at a dosage of 

≤1 g L-1  within 10 minutes. The adsorption data fitted the 

Langmuir isotherm (R2 ≥ 0.99) and followed a pseudo-

second-order kinetic model. Furthermore, approximately 

100% CR removal was achieved from real printing-ink 

wastewater. 

 

Fig. 15: Adsorption langmuir analysis 

Table 3. Interpretation of the langmuir separation factor (Rₗ) 
for adsorption favorability 

𝐑𝐋 Values 𝐑𝐋=𝟎 
𝟎 < 𝐑𝐋

< 𝟏 
𝐑𝐋>𝟏 

Nature  irreversible Unfavorable 

Table 4. Removal of basic congo red dye 

Model 

RH–

MgO-

1 

RH–

MgO-

2 

RHB–

MgO-

1 

RHB–

MgO-

2 

Langmuir 

44.7 58.2 73.8 79.2 

55.84 68.97 81.97 92.59 

0.243 0.116 0.167 0.111 

0.039 0.095 0.062 0.100 

0.9410 0.9906 0.9395 0.9115 

Freundlich 

17.81 18.96 20.37 21.12 

2.01 2.85 2.74 3.18 

2.12 2.68 2.31 2.54 

0.9445 0.9776 0.9636 0.9821 

Temkin 

48.20 63.80 73.80 78.50 

1.86 2.42 2.95 3.38 

16.54 19.62 21.84 22.67 

0.9785 0.9792 0.9865 0.9650 

Dubinin-

Radushkevich 

17.10 18.54 20.14 21.35 

8.34 6.97 5.88 5.12 

7.74 8.47 9.22 9.88 

0.9369 0.9511 0.9224 0.9256 

Harkins- Jura 

55.84 68.47 81.97 92.59 

0.52 0.44 0.36 0.29 

2.11 1.92 1.64 1.28 

0.9481 0.8642 0.9630 0.9685 

3.5.1 Linear Freundlich Model 

This model posits that biosorption occurs across 

multiple layers, indicating that adsorption on the 

biosorbent surface is heterogeneous and that the sorbed 

molecules interact with sites of varying affinities. 

log⁡ 𝑞𝑒 = log⁡ 𝐾𝐹 +
1

𝑛
log⁡ 𝐶𝑒  … 

(13) 

Freundlich constants were empirical and values 

fluctuated based on many environmental circumstances. 

Unit value of n signifies linear biosorption; a number 

below one implies a chemical process nature of 

biosorption, while value above one denotes a biosorption 

process. KF and n were derived by graphing linear graph 

(Table 3 and Fig. 16). 

 

Fig. 16: Linear freundlich model 
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The Temkin isotherm is based on two main 

assumptions. First, the heat of adsorption decreases 

linearly with increasing surface coverage due to 

interactions between the adsorbate and the biosorbent 

surface. Second, the binding energies of the adsorbate 

molecules are assumed to be uniformly distributed across 

the available adsorption sites on the biosorbent surface. 

𝑞𝑒 = Bln⁡ 𝐴 + Bln⁡ 𝐶𝑒  … (14) 

The Temkin constant was marked by A, and B 

signifies constant. R (8.222 J mol-1 K-1) was gas constant. 

Graphical representation of Temkin isotherm is 

illustrated in Fig. 17. 

 

Fig. 17: Linear temkin model 

1

𝑞𝑒2
= (

𝐵

𝐴
) − (

1

𝐴
) log⁡ 𝐶𝑒  … (15) 

The Harkin Jura isotherm is represented by A, 

whereas B is constant in the specified equation, as 

detailed in Table 4 and Fig. 18. 

 

Fig. 18: Linear harkins–jura model 

3.5.2 Dubinin-Radushkevich Model  

The enhanced desorption observed with 

hydrochloric acid can be attributed to the higher 

concentration of H⁺ ions, which compete with the 

adsorbed CR molecules for active adsorption sites on the 

MgO–rice husk nanocomposites. Isotherm was used to 

evaluate the nature of biosorption and the mean 

adsorption energy. This model describes the relationship 

between the equilibrium concentration of the adsorbate 

and the amount of adsorbate biosorbed at equilibrium. 

ln⁡ 𝑞𝑒 = ln⁡ 𝑞𝑚 − 𝛽𝜀2  … (16) 

The theoretical saturation is denoted as qm, and 

the Polanyi potential is represented by ε. The constant 

associated with biosorption energy is β.  

𝜀 = 𝑅Tln (1 +
1

𝐶𝑒
)  … (17) 

Here, absolute temperature is denoted as T (K) 

and gas constant as R (8.314 J mol-1 K-1.  

𝐸 = 1/⁡(2𝛽)1/2  … (18) 

The correlation coefficient (R2) is presented in 

Table 4 and Fig. 19.  

 

Fig. 19: D–R adsorption model analysis 

The adsorption equilibrium was examined by 

many adsorption isotherms to assess their suitability for 

characterizing adsorption of Congo Red dye onto MgO–

rice husk nanocomposites (RH–MgO-1, RH–MgO-2, 

RHB–MgO-1, and RHB–MgO-2). The appropriateness 

of each isotherm model was evaluated by comparing 

experimentally obtained highest adsorption capacity with 
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calculated adsorption capacity with the respective 

coefficient of determination (R2). 

Table 4 demonstrates that the Langmuir 

isotherm model yielded optimal match for adsorption 

equilibrium data of all four MgO–rice husk 

nanocomposites. The strong correlation between 

observed and estimated adsorption capabilities, along 

with the elevated R2 values, suggests that the adsorption 

of CR primarily took place via monolayer adsorption on 

uniform surface with energetically similar active sites. 

Conversely, Freundlich isotherm model demonstrated 

relatively lower correlation coefficients, indicating its 

diminished appropriateness for characterizing the 

adsorption behavior. The Temkin isotherm model 

exhibited a satisfactory match, signifying impact of 

adsorbent–adsorbate throughout adsorption process. The 

Dubinin–Radushkevich and Harkins–Jura isotherm 

models exhibited inadequate concordance with 

experimental results, indicating their unsuitability for 

characterizing desorption equilibrium of CR dye onto the 

synthesized MgO–rice husk nanocomposites. 

3.6 Electrolyte Effect on Dye Biosorption 

The substantial amounts of inorganic salts are 

typically employed to improve dye fixing, leading to 

effluent with elevated levels of dissolved electrolytes. 

Consequently, examining the impact of electrolytes on 

the adsorption efficacy of adsorbents is crucial for 

determining their practical utility in wastewater 

treatment. This study examined three prevalent 

electrolytes, specifically AlCl3·6H2O, NaCl and 

CaCl2·2H2O, at concentrations of 0.05 - 0.50 M to assess 

the affect on adsorption efficacy of the synthesized 

MgO–rice husk nanocomposites regarding CR dye (Fig. 

20). 

 

Fig. 20: Effect of electrolytes on adsorption 

Electrolytes in ionic state generate occasionally 

repulsive attractive interactions among salt ions and dye 

molecules. Consequently, adsorption of dye onto 

adsorbent surface diminishes. Significantly as salt 

content rises, the adsorption capability diminishes. 

3.7 Effect on Heavy Metal Ions 

Heavy metal ions at textile effluent can 

markedly affect the adsorption efficacy of adsorbents by 

competing with dye molecules for accessible active sites. 

To assess this effect, varying concentrations (40–200 

ppm) of chromium and lead ions were added to Congo 

Red dye solution, and their impact on the adsorption 

efficiency of the synthesized MgO–rice husk 

nanocomposites was examined (Fig. 21). Findings 

indicated heavy metal ions negatively impacted 

adsorption of CR dye. With raise in concentration of Cr 

and Pb ions, adsorption capabilities of all four 

nanocomposites progressively diminished. This decrease 

is due to the competitive adsorption of heavy metal ions 

and dye for identical adsorbent surface, hence restricting 

availability of sites for dye adsorption. As a result, all 

four MgO–rice husk nanocomposites showed a marked 

reduction in adsorption capacity when exposed to heavy 

metal ions, indicating that inclusion of metal ions 

significantly affects adsorption efficacy of the 

synthesized adsorbents. 

 

Fig. 21: Effect of heavy metal ions 

3.8 Reusability and Desorption Assessment 

Reusability of adsorbent is a critical attribute, as 

it influences its capacity for repeated application and its 

economic viability in extensive wastewater treatment 

processes. The regeneration and reutilization of 

adsorbents save operational expenses and mitigate the 

production of secondary waste. Consequently, choosing 

a suitable desorbing agent (eluent) is crucial for effective 

renewal of the adsorbent. This work assessed the efficacy 

of acetic acid solutions and 0.50 N HCl in desorbing CR 

dye from the synthesized MgO–rice husk 

nanocomposites. The desorption results are illustrated in 

Fig. 22(a) and 22(b). 
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The findings indicated that 0.50 N HCl served 

as the most efficacious eluent, yielding maximum 

desorption efficiencies of 95.7% for RH–MgO-1, 97.3% 

for RH–MgO-2, 91.2% for RHB–MgO-1, and 92.4% for 

RHB–MgO-2. Moreover, increasing the eluent 

concentration from 0.05 N to 0.50 N gradually enhanced 

the desorption efficiency of all four nanocomposites. 

The enhanced desorption observed with 

hydrochloric acid can be attributed to the higher 

concentration of H+ ions, which compete with the 

adsorbed CR molecules for active adsorption sites on the 

MgO–rice husk nanocomposites. This competitive ion-

exchange mechanism diminishes the contact between the 

adsorbent and dye, hence promoting the desorption of 

dye molecules at adsorbent surface. Elevated desorption 

efficiency achieved post-regeneration suggests that the 

synthesized MgO–rice husk nanocomposites exhibit 

remarkable reusability and are viable options for 

recurrent wastewater treatment applications. 

 

 

Fig. 22: (a) HCl-induced desorption efficiency and (b) Acetic 
acid-induced desorption efficiency 

4. CONCLUSION 

This study successfully synthesized MgO 

nanoparticles via a green method utilizing rice husk-

derived materials. The adsorption efficacy for Congo Red 

dye was systematically examined. The effective synthesis 

of MgO–rice husk nanocomposites was validated using 

FTIR, XRD, and SEM investigations. Under optimum 

operating conditions of 0.05 g adsorbent dose, 1 hour 

contact time, and 35 ℃, adsorption capacities of RH–

MgO-1, RH–MgO-2, RHB–MgO-1, and RHB–MgO-2 

were 44.7, 58.2, 73.8, and 79.2 mg/g, respectively. The 

ideal pH levels for optimal adsorption was 8 for RH–

MgO-1, 9 for RH–MgO-2, and 10 for both RHB–MgO-1 

and RHB–MgO-2. 

Adsorption kinetics were optimally 

characterized by pseudo-first-order model, exhibiting R2 

between 0.80 and 0.95, while the strong correlation 

between experimental and estimated equilibrium 

adsorption capacities validated the appropriateness of the 

kinetic model. Thermodynamic research with adsorption 

process was exothermic and spontaneous, as 

demonstrated by negative ΔG° values across the 

temperature range 308–338 K and negative ΔH° values 

between −20.388 and −55.996 kJ/mol.  

The synthesized nanocomposites showed 

superior adsorption efficiency, commendable 

regeneration potential, and advantageous thermodynamic 

properties. The use of plentiful agricultural waste (rice 

husk) in conjunction with MgO nanoparticles offers eco-

friendly, cost-effective, and adsorbent system with 

potential for the effective removal of Congo Red from 

textile effluents. 
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