
 

 Arab Universities Journal of Agricultural Sciences 

(2023) 31 (2) 201-215 

Website: http://ajs.journals.ekb.eg 

 
 

 

201 

Biological Adsorption and Desorption of Anionic Congo Red 

Dye by Nano Composite Polymer Sheets 
 
 

 

Hagar M Magdy1, Hekmat R Madian1, Ahmed E Abdelhamid2, Notiala Naseer1, 

Mahmoud M Hegazi3, Ahamed Labena1* 
1- Egyptian Petroleum Research Institute (EPRI), Nasr City 11727, Cairo, Egypt 

2- Polymers & Pigments Dept, National Research Centre (NRC), Dokki, Cairo, 12622, Egypt 

3- Agricultural Engineering Dept, Fac of Agric, Ain Shams Univ, P.O. Box 68, Hadayek Shoubra 11241, 

Cairo, Egypt  
 

*Corresponding author: a.labena@epri.sci.eg 
 

https://doi.org/10.21608/AJS.2023.231762.1533 
 

Received 28 August 2023; Accepted 5 December 2023 

 

Keywords: 

 

Agriculture wastes, 

Composite sheets, Dye 

removal, 

Sugarcane bagasse 

wastes, 

Reusability 

  

 

  

Abstract: Congo red (CR) is an anionic dye that is released from various 

industries and demonstrates a negative effect on the environment and human 

health. Dye`s elimination from the environment is an important challenge; 

therefore, the aim of this study was the application of unhydrolyzed sugar-

cane bagasse wastes, after acid hydrolysis, drying, grinding and including 

cellulose acetate to form different composite sheets. The composite sheets 

were applied in the 3Rs (Removal of Congo red using the composite sheet, 

Recover of the Congo red after removal using ethanol, and Reuse of the 

composite sheet many times) processes. The Congo red removal efficiency 

by the composite sheets was optimized using two statistical methods, One 

Factor at A Time (OFAT) and General Factorial Design. Afterward, iso-

therms models and kinetics studies were investigated; moreover, the reusa-

bility was also examined. The results exhibited that, the Congo red removal 

efficiency of 76.27 % was achieved for 500 ppm of the dye using the com-

posite sheet with a concentration of 7 g/L; at a pH value of 7.0 and a contact 

time of 240 min. Interestingly, the composite sheets have been applied for 

3Rs (Removal, Recovery, Reuse) cycles 5 times.  

 

1 Introduction 

 

Congo red (CR) is an anionic dye that is indus-

trially applied as a coloring agent. Moreover, this 

dye may be generated from the waste of various in-

dustries such as rubber, plastics, paper, tanning and 

pharmaceuticals industries (Rafatullah et al 2010). 

This dye when discharged into a water stream with-

out treatment leads to a plethora of environmental 

and human-being problems (Javadian et al 2013). 

The CR dye-containing effluent is responsible for 

many diseases in human beings like skin irritation, 

allergy and dermatitis. Therefore, different physico-

chemical techniques were investigated to help such in-

dustries in the elimination of the CR from their efflu-

ents before discharging. However, these techniques had 

a lot of drawbacks e.g. their high cost and the genera-

tion of hazardous wastes after the treatment process 

(Moghazy 2019, Husien et al 2019a,  Husien et al 

2019b). The adsorption method, generally and specifi-

cally using agriculture biomasses such as sugarcane ba-

gasse wastes is the most preferable method that can 

overcome these problems (Kant 2011, El-Jamal and 

Ncibi 2012).  
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Worldwide, Egypt is rated as the sixteenth in 

sugarcane bagasse usage and thus sugarcane ba-

gasse wastes are nominated as the highest biomass 

in Egypt (Kamran et al 2022) and have been used 

for a long time in the production of bioethanol 

(Abo-State et al 2013, Ajala et al 2021). The pro-

duction of bioethanol from these wastes needs a 

pre-treatment process. This pre-treatment by acid 

and/or base is crucial to degrade the lignin content 

and free the cellulose and hemicellulose contents 

(Morán-Aguilar et al 2022). Afterward, the residual 

unhydrolyzed wastes afford a highly charged ma-

terial that can be used as an excellent sorbent. How-

ever, the application of these wastes, in their pro-

duced form with a low surface area, predicts a low 

removal efficiency and prevents the replicability 

option (Moghazy et al 2019). In addition, the next 

challenges that face scientists nowadays are how to 

collect the materials after treatment, how to recover 

the adsorbed dye from the sorbent material and 

how many times that can be used. These challenges 

should lead to tailoring an economic product with 

many useful features as previously reported 

(Prabhu et al 2017, Munagapati et al 2020).  

Therefore, in this study, sugarcane bagasse 

wastes were collected from the local market and 

treated with acids as a pre-step-in bioethanol pro-

duction. The acid treatment materials were distin-

guished as (1) 20g bagasse with 2% H2SO4, (2) 20g 

bagasse with 4% H2SO4, (3) 10g bagasse with 4% 

H2SO4, and (4) 10g bagasse with 4% H2SO4.   The 

unhydrolyzed wastes, after acid treatment, were de-

hydrated and ground. The ground material`s size 

was characterized by Dynamic Light Scattering 

(DLS) and identified by Fourier transform infrared 

(FT-IR) to detect its main functional groups. The 

ground unhydrolyzed sugarcane bagasse wastes 

were incorporated into a cellulose acetate forming 

various composite sheets. The composite sheets (1, 

2, 3, 4) in addition to a blank composite sheet (cel-

lulose acetate without any unhydrolyzed sugarcane 

bagasse wastes) and a control composite sheet (cel-

lulose acetate untreated sugarcane bagasse wastes) 

were applied in the removal of an ionic dye, Congo 

red from synthetic contaminated water. The re-

moval process was established via a batch experi-

ment and optimized via two statistical models; One 

Factor at A Time (OFAT) and subsequently gen-

eral factorial design. Moreover, isotherm models 

and kinetics studies were performed to demonstrate 

the mechanism of the adsorption reaction. After ob-

taining the optimum conditions that achieve the 

highest CR removal efficiency, the composite 

sheets were applied in a sequence process named 

(3Rs); removal of CR, recovery of CR via treatment 

with ethanol and reuse again many times to check their 

applicability and reusability options. 
 

2 Materials and Methods 
 

2.1  Sorbent preparation, characterization and com-

posite sheet formation 
 

The sugarcane bagasse wastes were collected and 

dried. The materials were afterward stored in plastic 

bags at room temperature until analyses and treatment. 

Two concentrations of the sugarcane bagasse waste (10 

and 20 g) were mixed separately with 100 ml of differ-

ent concentrations of H2SO4 (2% and 4% v/v). Each 

treatment was autoclaved for 20 min, filtered and dried. 

The residual unhydrolyzed sugarcane bagasse wastes 

were distinguished as 1,2,3 and 4. The unhydrolyzed 

wastes were ground to the smallest size using a ball 

mailing (” Planetary Ball Mill PM 400, Malvern UK”). 

Subsequently, the ground waste’s size was estimated by 

Dynamic Light Scattering (DLS) (” Zeta size Nano Se-

ries HT, Nano-25, Malvern UK”). The ground mate-

rial`s functional groups were estimated using FT-IR 

spectroscopy (“Nicolet IS-10 spectroscopy”). After-

ward, 1.8 gm of cellulose acetate was dissolved in 10 m 

of Dimethylformamide (DMF) (Abdelhamid and Kha-

lil 2019). The unhydrolyzed wastes were added sepa-

rately to the solution, stirred, and left to form a uniform 

mix. Consequently, the solution was cast onto a clean 

glass plate forming various composite sheets. The com-

posite sheets (1, 2, 3, 4) in addition to a blank composite 

sheet (cellulose acetate without any unhydrolyzed sug-

arcane bagasse wastes) and a control composite sheet 

(cellulose acetate untreated sugarcane bagasse wastes) 

were applied in the removal of an ionic dye, Congo red 

(CR) from synthetic contaminated water. 

 

2.2  Adsorption batch preparation    

 

The CR stock solution was prepared at a concentra-

tion of 1000 ppm. After that, serial dilutions of 100, 

200, 300, 400 and 500 ppm, were achieved upon use. 
 

2.3  Screening experiment 
 

A 1 g/l from each composite sheet was placed in the 

CR solution and shaken for 3h at 100 rpm as a screening 

experiment. At the end of the experiment, the CR initial 

and final concentrations were checked by spectroscopy 

(Cary 100 UV/Vis) at a wavelength of 497 nm as fol-

lows: 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
𝐶𝑜−𝐶𝑒

𝐶𝑜
× 100  

Where Co is the initial CR concentration, Ce is the final 

CR concentration.  
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2.4  Optimization steps  

 

Two optimization steps; “On Factor at a Time 

(OFAT)” (to determine the high and low levels) 

and “general full factorial design” were used in the 

CR removal using the composite sheets. 

 

2.4.1 OFAT experiments 

 

Different contact times were investigated; 30, 

60, 90-, 120-, 180- and 240-min. Different pH val-

ues were evaluated; 3, 5, 7 and 9. Different dosages 

of the composite sheets (1, 2, 3 and 4) with amounts 

of 2, 5 and 7 g/l were also investigated. Moreover, 

different Congo red concentrations100, 200, 300 

and 500 ppm were also determined. 

  

2.4.2 General Full factorial design experiments 

 

23^31 general full factorial design experiments 

were used for the selected composite sheets to ob-

tain the best factors that give high removal effi-

ciency; Tables S1 and S2 report the levels of the 

factors. The design matrix provides the obtained 

CR removal efficiency with fits and residual val-

ues. From the design experiments, the interaction 

between factors was estimated to obtain the inter-

active and effective variables that display the CR 

highest removal efficiency using the composite 

sheets. Different factors were examined; dye con-

centration, pH values, composite sheet dose, and 

contact time. The main and interaction effects, 

Pseudo-chart and Response optimizer were Fig-

ured out. The data were measured by Minitab 18 

software with one replicate. 

 

2.5  Langmuir and Freundlich isotherms 

 

For the aim of the CR adsorption mechanism 

determination by the selected composite sheets as 

adsorbent materials, the linear Langmuir and 

Freundlich isotherms were examined as previously 

reported (Freundlich 1907, Langmuir 1918). 

 

2.6 Kinetics studies  

 

These studies were performed to investigate the 

rate of CR adsorption by the selected composite 

sheets, which are controlled by an equilibrium 

time. The kinetics models include the pseudo-first-

order (1st) and the pseudo-second-order (2nd) ac-

cording to Weber and Morris (1963) and Ho et al 

(2000).  

 

2.7  Reusability experiment 

 
After the implementation of the optimization pro-

cess, the optimum factors were reinvestigated to con-

firm the result of the response optimizer and perform 

the reusing experiment. Ethanol concentrations of 

100% were used to check the reusability of the selected 

composite sheets. The results were plotted and ex-

plained as 3Rs (Removal, Recovery and Reuse) of the 

composite sheets for many runs.  

 
3 Results and discussion 

 
3.1 Characterizations of the ground wastes  

 

The size of the ground wastes was determined using 

DLS. The results displayed that the average size was 

295.8, 286.8, 455, 116 and 291.4 nm for the control, 1, 

2, 3 and 4, respectively as presented in Fig S1. The FT-

IR spectra of the ground unhydrolyzed wastes were dis-

played in Figs S2a, b, c,  d and e, respectively. The re-

sults showed that all wastes demonstrated several char-

acteristic peaks for a cellulosic structure such as peaks 

around 3385, 1224, 2914 and 2865 cm-1, which related 

to OH stretching, OH bending out of a plane, CH2 and 

CH stretching vibrations, respectively. The peak 

around 1720 cm-1 represented a carbonyl band (C=O) 

of carboxylic acid or ester.  The peaks around 1375, 

1460 and 1057 cm-1 were related to CH3, CH2 bending 

and C-O stretching, respectively. 

 
3.2 Application of the composite sheets in the re-

moval of Congo red (CR) from contaminated 

wastewater 

 
3.2.1 Screening experiment 

 
Fig 1 displayed the initial screening experiment for 

the Congo red removal using the blank sheet (polymer 

without any unhydrolyzed bagasse wastes), the control 

sheet (polymer with the bagasse substrate without any 

acid treatment) and the four composite sheets (1, 2, 3 

and 4) performed from unhydrolyzed sugarcane ba-

gasse wastes. The results demonstrated that the compo-

site sheets 1, 3 and 4 displayed removal efficiencies of 

35.6, 29.3 and 26.1 for the CR compared to the compo-

site sheet 2, the blank and control sheets. Therefore, 

these sheets were selected for further optimization pro-

cess. 
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Fig 1. Screening of the composite sheets to select the highest Congo Red (CR) removal efficiency 

 

 
3.2  Optimization process 

 
3.2.1 OFAT experiments 

 

Optimum levels, low and high, for the selected 

factors, were expressed in Table S1, Fig 2 shows 

the correlation between different contact time in-

tervals and the Congo red (CR) removal efficiency 

by the selected composite sheets (1, 3 and 4). The 

results demonstrated that the highest CR removal 

efficiencies of 25.9 and 44.6 %, respectively were 

achieved for the composite sheet 1 and 4 after 240 

min. However, it was after 180 min for the compo-

site sheet 3 with a removal efficiency of 34.1% 

(Nandi et al 2009). 

The correlation between the pH values and the 

CR removal efficiencies is displayed in Fig 3. The 

highest removal efficiencies were achieved at a pH 

value of 5.0 for composite sheet 1 and 6.5 for com-

posite sheets 3 and 4. This result was probably cor-

related to the increase in negativity charges of the 

solution which leads to a repulsion process and 

hence increases the removal efficiency.  

Furthermore, it was reported that an increase in 

sorbent dose expedites an increase in the available ac-

tive sites that further reflect a higher removal percent of 

the pollutant (Alver and Metin 2012). However, this 

reasonable behavior can be displayed up to a specific 

sorbent concentration; afterward, there is a stability at-

titude or a decrease in the adsorption process as previ-

ously reported (Cho et al 2003). The correlation 

between the composite sheet`s dose and the CR 

removal efficiencies is displayed in Fig 4. The highest 

removal efficiencies were obtained at the composite 

sheet`s concentration of 5 g/L. 

Moreover, the correlation between the initial dye`s 

concentration and the CR removal efficiencies is dis-

played in Fig 5. The results showed that 100 ppm of the 

CR gave the highest removal efficiencies of all compo-

site sheets. By increasing the dye concentration, the re-

moval efficiencies were decreased as previously re-

ported (Alver and Metin 2012). Finally, composite 

sheet 4 displayed the highest CR removal efficiency 

(Beltrán-Heredia and Sánchez-Martín 2008). 
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Table 1. ANOVA table of the selected composite sheets; 1, 3, 4 (treats) optimizations for the CR 

removal efficiency 

 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 45.532 4.55 12.36 0.000 

Linear 5 35.159 7.038 19.09 0.000 

CR Conc. (ppm) 1 25.106 25.10 68.17 0.000 

Composite sheets (Treat) 2 3.993 1.99 5.42 0.019 

Dose (g/l) 1 3.503 3.50 9.51 0.009 

Time 1 2.556 2.55 6.94 0.021 

2-Way Interactions 5 10.373 2.07 5.63 0.006 

CR Conc. (ppm)*Treat 2 7.168 3.58 9.73 0.003 

Composite sheets (Treat)*Time 2 1.678 0.83 2.28 0.142 

Dose (g/l)*Time 1 1.526 1.52 4.14 0.063 

Error 13 4.787 0.36 

  

Total 23 50.319 

   

 

 

 

 

 

 
 

Fig 2. The correlation between contact time intervals and the Congo Red (CR) removal efficiencies 

using the selected composite sheets (1, 3 and 4)  
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Fig 3. The correlation between pH values and the Congo Red (CR) removal efficiencies using 

the select composite sheets (1, 3 and 4) 

 

 

 

 

 
Fig 4. The correlation between the composite sheet`s dose and the Congo Red (CR) removal  

efficiencies using the selected composite sheets (1, 3 and 4)  
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Fig 5. The correlation between dye`s concentration and the Congo red (CR) removal 

efficiencies using the selected composite sheets (1, 3 and 4) 

 

 

 
3.2.2 General Full Factorial Design 

 
The matrix design of the CR removal efficiency 

is demonstrated in Table S2. Plots of the main and 

interaction effects, the Pareto chart and the re-

sponse optimizer were discussed laterally. 

The main effects plots were displayed in Fig 6 

which determined the average deviation of each 

factor. Generally, the dye removal increased by in-

creasing the deviation in the studied levels (Trav-

lou et al 2013) and is considered as a negative ef-

fect on the removal percentage. Results reported in 

Table S2 and Fig 6 exhibited that the deviation in-

creased from the low to the high levels. Further-

more, the CR concentration, sheet types (treats), 

contact time and dose have positive effects on the 

CR removal efficiency, which is indicated by the 

increase in the removal efficiency of these factors. 

Generally, the interaction between the selected 

factors has positive and negative effects on pollu-

tant removal efficiency (Ponnusami et al 2007). 

The data in Table 1 and Fig 7, displayed that the 

interaction between the Congo red concentration & 

the sheet type (treats) has a significant effect on the 

removal efficiency. This attitude was also observed 

across the high result of P-value and through the 

non-parallel lines (Abdel-Ghani et al 2009). 

Fig 8 exhibited the Pareto charts of the Congo Red 

(CR) removal efficiencies using the selected composite 

sheets (1, 3, and 4). The results were significant for all 

studied factors. 

The obtained data agreed with the main and 

interaction effects, as reported previously (Mathialagan 

and Viraraghavan 2005).  

In fact, the response optimizer normally predicts the 

optimum combined parameters that attain the highest 

pollutant removal efficiency (Bingol et al 2010). Fig 9 

demonstrated that applying 7 g/L doses of the compo-

site sheet 1 for 240 min to 500 ppm CR, accomplished 

the highest CR removal efficiency of 76.27 % at a  

degree of accuracy 1. 

  

3.3  Langmuir and Freundlich isotherms 

 

Langmuir and Freundlich were used to investigate 

the CR adsorption mechanism (Abdelhamid et al 2023). 

Results displayed in Figs 10 and 11 showed that the CR 

removal efficiency data was mostly fitted with the 

Freundlich isotherm for the composite sheets (1 and 3). 

In the case of the CR removal using the composite sheet 

4, it was fitted well with the Langmuir isotherm. This 

result was appropriate to the higher R2 that determines 

the fitted model as previously reported (Aksakal and 

Ucun 2010). Fitting the data to the Freundlich isotherm 

determines the mechanism of adsorption as heterogene-

ous  adsorption  with  a  multilayer  adsorption  nature  
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Table 2. Coefficient table of the selected composite sheets; 1, 3, 4 (treats) optimizations for 

the CR removal efficiency 

 

Terms Coef SE Coef T-Value P-Value 

Constant 73.804 0.124 595.81 0.000 

CR Conc. (ppm) 

    

100 -1.023 0.124 -8.26 0.000 

Composite sheets (Treat) 

    

1 -0.508 0.175 -2.90 0.012 

3 0.490 0.175 2.80 0.015 

Dose (g/l) 

    

2 -0.382 0.124 -3.08 0.009 

Time 

    

30 -0.326 0.124 -2.63 0.021 

CR Conc. (ppm)*Treat 

    

100 1 -0.771 0.175 -4.40 0.001 

100 3 0.432 0.175 2.47 0.028 

Composite sheets (Treat)*Time 

    

1 30 -0.321 0.175 -1.83 0.090 

3 30 -0.005 0.175 -0.03 0.976 

Dose (g/l)*Time 

    

2 30 0.252 0.124 2.04 0.063 

 

 

 

 

 

 
 

Fig 6. The main effect of the Congo red (CR) removal efficiencies using the selected composite sheets (1, 3 and 4) 
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Fig 7. The interaction effect of the Congo Red (CR) removal efficiencies using the selected composite 

sheets (1, 3 and 4) 

 

 

 

 

 

 

 
 

Fig 8. The Pareto charts of the Congo Red (CR) removal efficiencies using the selected  

composite sheets (1, 3, and 4) 
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Fig 9. The Response optimizer of the Congo Red (CR) removal efficiencies using the selected composite 

sheets (1, 3, and 4) 

 

 

 

 

 

 

 
Fig 10. The Langmuir isotherm of the Congo Red (CR) removal efficiencies using the selected  

composite sheets (1, 3, and 4)  
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Fig 11. The Freundlich isotherm of the Congo Red (CR) removal efficiencies using the 

selected composite sheets (1, 3 and 4) 

 
 

where wander Val's forces control the adsorption 

process. Nevertheless, Langmuir isotherm repre-

sents the adsorption mechanism as homogenous 

adsorption in nature i.e.; the pollutant adsorbed on 

the sorbent`s surface as far as no available 

sorbent`s active sites. The maximum adsorption ca-

pacity (Qmax) of the selected composite sheets (1, 3, 

and 4) was performed from unhydrolyzed bagasse 

wastes. were represented in Table 3. 

 
Table 3. The Langmuir and Freundlich isotherms of the 

Congo Red (CR) removal efficiencies using the selected 

composite sheets (1, 3 and 4) 

 

Langmuir isotherm 
 

R2 b Qmax 

1 0.76 0.0116 15.15 

3 0.16 0.00326 50.00 

4 0.99 1.53846 1.56 

Freundlich isotherm 
 

R2 n k 

1 0.99 5.49451 11.48 

3 0.80 0.8426 199.53 

4 0.75 1.60668 97.72 

3.4  Kinetic study 
 

The Kinetics study is important to state the capacity 

of the selected composite sheets (1, 3, and 4) performed 

from unhydrolyzed bagasse wastes for removal of the 

CR. Results displayed in Figs 12 and 13 and Table 4 

exhibited the kinetics plots in addition to their parame-

ters. The correlation coefficient, R2, indicated that the 

pseudo 2nd kinetic was the fitted model for the CR dye 

removal using the selected composite sheets (1, 3, and 

4) performed from unhydrolyzed bagasse wastes. This 

result could be returned to the mentioned higher R2 of 

the pseudo 2nd kinetic in addition to the result of the qe 

calculated of the pseudo-order kinetics, which was near 

from the qe experimental, unlike the state of the 

pseudo-first-order (1st) reaction (Hang and He 2014). 
 

3.5  Reusability experiment 
 

Fig 14 demonstrates the reusability experiment. The 

highest efficient selected composite sheet (4) was ap-

plied successfully five times in the process of 3Rs (re-

moval, recovery and reuse) (Abdelhamid et al 2023). 

Results obtained from the response optimizer were used 

to perform the reusability experiments. The results in-

dicated that the removal efficiency of the CR was high 

in the first three runs and then declined in the fourth and 

fifth runs. The maximum removal efficiencies of 

76.27% were achieved. 
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Fig 12. The first order (1st) kinetics study of the Congo Red (CR) removal efficiencies using 

the selected composite sheets (1, 3, and 4) 

 

 

 

 
 

Fig 13. The second-order (2nd) kinetics study of Congo Red (CR) removal efficiencies using 

the selected composite sheets (1, 3, and 4) 
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Table 4. The first (1st) and the second (2nd) order kinetics of the Congo Red (CR) 

removal efficiencies using the selected composite sheets (1, 3 and 4) 

  

1storder 
 

R2 K Qeexpr. Qecalc. 

1 0.39 0.00691 20.6 208.9 

3 0.72 0.01474 32.34 2511.9 

4 0.85 0.02027 37.9 3162.3 

2ndorder 
 

R2 K Qeexpr. Qecalc. 

1 0.9 0.000212 20.6 22.72727 

3 0.89 0.000107 32.34 45.24887 

4 0.85 9.99E-05 37.9 40.32258 

 

 

 
 

Fig 14. Reusability experiment of the highly efficient selected composite sheet 

performed from unhydrolyzed bagasse waste as 3Rs process (removal of Congo 

Red (CR), recovery it from the composite sheet and reuse the composite sheets for 

fifth times 

 

 

4 Conclusion 

 

The residual wastes, unhydrolyzed sugarcane 

bagasse wastes after acid treatment, were described 

as 1, 2, 3, 4 and control (only sugarcane bagasse 

waste without treatment. The unhydrolyzed sugar-

cane bagasse wastes were perfectly ground with 

ball milling, to increase their surface areas, and 

added to cellulose acetate to form five composite 

sheets. The composite sheets were used in the adsorp-

tion of Congo red from polluted water. The composite 

sheets of 1, 3 and 4 were selected from the screening 

test. The highest removal efficiencies of 76.27, 75.6 

and 75.7 % for the composite sheet 1, 3 and 4, respec-

tively for 500 ppm of the anionic dye Congo red (CO) 

were successfully achieved after 240 min of contact 

time, at a pH of 7.0 (the composite sheet`s concentra-

tion was of 7 g/L). Freundlich isotherm was fitted well 
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with the data obtained from CR removal efficacies 

using the selected composite sheets 1 and 3. In the 

case of CR removal using composite sheet 4, 

r.esults fitted well with the Langmuir isotherm. The 

correlation coefficient, R2, indicated that the 

pseudo-second order (2nd) kinetics was the fitted 

model for the CR dye removal of the selected com-

posite sheets (1, 3, and 4) performed from unhydro-

lyzed bagasse wastes. The highest efficient se-

lected composite sheet was applied successfully 

five times in the process of 3Rs (Removal of CR 

using the composite sheet, Recover of the CR after 

removal using ethanol and reuse of the composite 

sheet many times) processes. For further investiga-

tion in the future, the composite sheets can be used 

through a reactor design for easy application of the  

removal process in the industrial and agriculture  

sectors. 
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