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1. Introduction 

Due to the rapid industrialization and the 

increasing exploitation of natural 

resources, environmental pollution due 

to the release of various harmful 

chemicals to the environment has become a serious issue. Many of these chemicals, which contain 

organic substances such as phenols, dyes, and other related compounds, are toxic and rarely degrade 

easily in the environment. Industrialization processes and associated emissions of hazardous 

substances such as acids, metal ions, and oils waste disposal have led to the increasing demand for 

effective and economic treatment technologies for the removal of these pollutants[Ajay Kumar et al., 

2022; Ahmaruzzaman et al., 2024]. Adsorption has become a prominent technique for the removal 

and recovery of environmental pollutants such as heavy metal ions, reactive dyes, color pigments, 

and organic substances due to their effectiveness in the recovery of solutions containing these 
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pollutants, simplicity in operation, potentially low cost, and easy regeneration of the adsorbent, and 

can be used for the treatment of low concentration of pollutants [R. Miglani et al., 2022]. 

These promising factors have driven the researchers' interest to investigate the efficiency and 

feasibility of various materials as adsorbents such as activated carbon, agricultural by-product 

materials, minerals, zeolites, and polymers [D. Sahu et al., 2024, Ahmaruzzaman et al., 2024]. Among 

these absorbent materials, activated carbon stands out as the most promising adsorption material for 

the removal of organic contaminants such as color dyes due to its large surface area, high porosity, 

and various functional groups covering its surface. 

Water sources contaminated by synthetic dyes pose a serious threat to global health and the 

environment. Among these dyes, methyl orange stands out due to its extensive use in a variety of 

industries, including textiles, paper, and plastics, which frequently results in its disposal in industrial 

effluents [Ajay Kumar et al., 2022; A. Prince et al., 2024]. Methyl orange-containing wastewater 

leaks into aquatic environments have the potential to cause major environmental harm, including the 

death of aquatic life and contaminating water sources. 

In response to these challenges, researchers and environmental engineers have explored various 

treatment methods to mitigate the harmful effects of dye contamination. Among these techniques, we 

can summarize these chemical [P. Kumar et al., 2012,  R. Ganaie et al.,2023], physical [H. Bessaha 

et al., 2017, H. Liu et al.,2023, Q. Hu et al.,2007, A. Aluigi et al.,2014], physico-chemicals [Singh et 

al., 2017, H. A.Erkurt,2010, Md. Pervez et al., 2024], and biological processes [A. Christina et 

al.,2022, M. Amran et al., 2011] in Table 1: 

Table 1: Dye treatment methods 

Chemical Processes Physical Processes Physico-Chemical Processes Biological Processes 

Oxidation 

- AOPs 

- Fenton’s Reagent    

Reduction 

Neutralization 

- pH Adjustment 

Adsorption| 

- Activated Carbon 

-Natural Adsorbents 

Membrane Filtration 

- Ultrafiltration 

- Reverse Osmosis 

Sedimentation  and Filtration 

- Coagulation and 

Flocculation 

Electrochemical Methods 

- Electrocoagulation 

 

- Electrooxidation 

 

Ion Exchange 

 

Photocatalysis 

 

Biodegradation 

- Microbial 

 

- Enzymatic 

 

Phytoremediation 

 

Constructed Wetlands 

 

Because it is simple to use, efficient, and affordable, activated carbon adsorption has become a highly 

promising technique. Activated carbon, with its high surface area and porosity [N. Yalçın and V. 

Sevinç, 2000, D. Vasconcelos et al., 2021], offers an ideal medium for the adsorption of organic 

contaminants, including methyl orange dye molecules, from aqueous solutions. 

While numerous studies have investigated the adsorption of methyl orange dye onto activated carbon, 

there remains a need for a comprehensive understanding of the adsorption kinetics, particularly 

concerning commercial activated carbon products. Powdered activated carbons are widely available 

and utilized in water treatment applications, yet their performance and kinetics concerning methyl 

orange adsorption may vary depending on factors such as pore structure, surface chemistry, and 

manufacturing processes [B. Li, 2012, Huang, L., 2011]. 
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2. Materials and Methods  

2.1.Characterization of the chemical products used 

• Methyl orange is a synthetic organic dye that is frequently used and falls under the azo dye class. 

Its chemical formula is C14H14N3NaO3S, and because of its ability to change color, it is frequently 

used as an acid-base indicator. Methyl orange is soluble in water and usually has a red or orange 

powdery appearance. Table 2 indicates the main physico-chemical characteristics of the model dye 

study. 

Table 2: Physico-Chemical characteristics of Methyl Orange 

Characteristics Dye 

Trade name Methyl orange 

Brute formula S3NaO3N14H14C 

Chemical structure 

 

Molar mass (g/mole) 327,33 

(nm) maxλ 464 

Family Anionic 

pH 3.1 (red) to 4.4 (orange) 

(g/cm³) Density 1.28 

Melting point (°C) >300 

• In this work, powdered activated carbon, which is available commercially, was used. The 

characteristics of him are as follows: conductivity of 752 μs/cm, actual density of 945.3 kg/m3, 

effective size of 0.94 mm, and porosity of 24%.  

• Solutions prepared in distilled water are used in all experiments; the conductivity of distilled 

water is less than 10 μS/cm, and its pH is approximately 6.0. 

2.2.Experimental protocol  

Methyl orange (MO) dye was used in batch experiments for this study, with concentrations ranging 

from 1 to 120 mg/L. A concentrated solution containing 1 g/L was diluted with distilled water to 

create MO solutions. To 50 milliliters of the MO solution, a predetermined quantity of powdered 

activated carbon (PAC) was added. Using a magnetic stirrer, the mixture was agitated at room 

temperature (25±2°C) at a speed of 160 rpm. A Spectro Scan 80DV-UV/Vis spectrophotometer with 

a spectral range of 190 to 1100 nm was used to analyze the samples, which were collected at 

predefined intervals, filtered. The UV range that was appropriate for the dye was used for the analysis. 

The adsorption yield, or rate, is computed using equation (1) to ascertain the efficacy of the dye 

removal procedure. 

Re (%)  = (1 −
Ct

C0
 ) 100                             (1) 

C0 and Ct: The initial and final dye concentration in the liquid phase. 
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3. Results and discussion 

3.1. Effects of various factors on dye adsorption 

a. Contact time  

Figure 1 shows how the contact time affects the dye adsorption yield. 

 

Figure 1: Adsorption kinetics of MO on PAC. 

The results show that the dye adsorbs onto the PAC quickly and uniformly, with a rapid increase in 

adsorption percentage over time, as seen in the figure. This rapid increase indicates strong interactions 

between the dye molecules and the PAC surface in the solution [H.Tran, 2017, M. Al-Ghouti, 2003]. 

The effective adsorption process peaks after a 60-minute contact period, resulting in maximum 

decolorization. This is the ideal duration for maximum adsorption efficiency. 

b. Quantity of PAC 

By altering the amount of adsorbent in the water while maintaining a constant solution volume, the 

dye adsorption on PAC was investigated. For the tests, an hour was selected as the stirring period. 

The results are shown in figure 2. 

 
Figure 2: Dye removal efficiency as a function of PAC mass. 

The results in the figure demonstrate that the adsorption efficiency of the dye increases with the mass 

of the adsorbent; PAC. This trend can be attributed to the increase in the number of available 

adsorption sites on the PAC surface, which enhances the capacity for dye fixation [George Z. et al., 

2013]. However, it is observed that the adsorption efficiency reaches equilibrium at a mass of 50 mg 
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of adsorbent. This plateau indicates that beyond this point, additional adsorbent mass does not 

significantly enhance the adsorption efficiency, likely due to the saturation of adsorption sites [S. 

Wong et al., 2020] and the establishment of equilibrium between the dye in solution and the dye 

adsorbed on the PAC. 

c. Dye concentration 

The initial concentration of the dye significantly affects the adsorption of PAC. Figure 3 displays the 

results that were obtained. 

 
Figure 3: Effect of MO dye's initial concentration on adsorption 

At lower concentrations, the methyl orange dye in the adsorption medium can interact with the active 

sites on the surface of the PAC adsorbent, as figure 5 illustrates, increasing the adsorption yields. 

Conversely, at high concentrations, adsorption efficiency decreased due to saturation of the 

adsorption sites. 

d. Temperature 

The effect of temperature is another crucial parameter to consider in adsorption study, as the process 

involves heat transfer between a liquid phase and a solid, which can be either exothermic or 

endothermic; we conducted experiments at successive temperatures of 25°C, 35°C, and 55°C. The 

results obtained are shown in figure 4: 

 

Figure 4: Effect of temperature on the adsorption of MO on PAC. 
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The findings showed that increasing the temperature to 55 °C improved adsorption. This implies that 

the higher temperature improved the dye molecules' kinetic energy and improved their diffusion 

towards the PAC surface [P. Senthil Kumar et al., 2014, A. M. Abbas et al., 2018]. The dye molecules 

were probably able to move more easily and get past energy barriers to reach the adsorption sites 

more successfully because of the higher thermal energy at 55°C. This implies that the adsorption 

process in this instance is endothermic, meaning that a rise in temperature enhances PAC's ability to 

absorb dye molecules. 

3.2. Adsorption kinetics on PAC 

Adsorption kinetics are essential in understanding how quickly a dye; Methyl Orange (MO), can be 

removed from an aqueous solution using PAC. The study of adsorption kinetics involves analyzing 

how the rate of adsorption changes over time and provides insights into the mechanisms controlling 

the adsorption process. The kinetics of adsorption were studied under the following conditions:  

- Normal pH of the colored solution; 

- Initial concentration of 100 mg/L of MO; 

- Mass of activated carbon of 50 mg; 

From the study, the adsorption equilibrium time on the PAC was determined to be 60 minutes. 

3.2.1. Kinetic models 

The equilibrium adsorption capacity (Qe) is calculated according to equation (2) as follows:  

Qe =
(Co − Ce)V

m
                                      (2) 

In this section, first and second order kinetic laws were used. 

The first-order kinetic model's equation takes the following form: 

Log(Qe − Q) = Log Qe −
K1

2.303
t             (3)    

The second-order kinetic model's equation takes the following form: 

            
1

(Q𝒆 − Q)
=

1

𝑄𝒆
+ 𝐾2𝑡                    (4) 

Figure 5 displays the curve representing the dye adsorption kinetics on the PAC according to this 

model. 
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Figure 5: Graph of the linear form of the first-order kinetic model of MO utilized. 

Figure 6 shows the results that were obtained with the pseudo-second-order model. 

 

Figure 6: Graph of the linear form of the second order kinetic model of MO utilized. 

The constants and values of the correlation coefficient R² according to the results obtained in figures 

5 and 6 are grouped together in Table 3. 

Table 3: Kinetic adsorption constants of methyl orange for two models 

First order 
1K 0.085 
2R 0.897 

Second order 
2K 0.171 
2R 0.999 

 

This table helps in comparing the fitting of the adsorption data to different isotherm models, enabling 

the determination of the most appropriate model for describing the adsorption process of MO on PAC. 

Higher R² values indicate a better fit of the model to the experimental data, providing insights into 

the nature and capacity of the adsorption process. 

From these results, we see that the pseudo-second-order kinetics model is the best for studying the 

kinetics of adsorption of dyes on PAC. The correlation coefficient (R2) is very near to unity, which 

supports this conclusion. 
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Understanding and perfecting the adsorption process depend heavily on adsorption isotherms. Several 

theoretical models have been proposed to describe adsorption isotherms. This work will only focus 

on the most fundamental and widely used models; the Freundlich [Freundlich, 1926] and Langmuir 

models [Langmuir, 1918]. 

Linear equations for the Langmuir and Freundlich adsorption models ((5) and (6)) respectively: 

Ce

Qe
=

Ce

Qmax
+

Ce

Qmax ×KL
                               (5) 

𝐿𝑛𝑄𝑒 = 𝐿𝑛𝐾𝐹 + (
1

𝑛
) . 𝐿𝑛𝐶𝑒                     (6) 

The graphical representation of Langmuir isotherm is as follows: 

 

Figure 7: The linear Langmuir model for MO. 

The graphical representation of Freundlich isotherm is as follows: 

 

Figure 8: The linear Freundlich model for MO. 
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4). These parameters are essential for characterizing the adsorption process and understanding the 
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Langmuir 

maxQ 87.720 

LK 0.0950 

2R 0.934 

Freundlich 

FK 0.0940 

1/n 0.530 

2R 0.988 

The fixation of the dye on the PAC appears to follow the Freundlich model, based on the 

values obtained from the R2. This implies that there is a multilayer adsorption occurring on the PAC 

surface. 

3.3. Thermodynamic study 

The thermodynamic parameters of the adsorption process studied can be computed based on 

the temperature effect, comprising entropy (ΔSo), enthalpy (ΔHo), and free enthalpy (ΔGo). The 

difference between the free enthalpy of the products (solute adsorbed on the solid) and the total of 

the enthalpies of the reactants (solid + solute) is the variation in the free enthalpy of a system 

undergoing a transformation at constant temperature and pressure [C.D. Stoner, 2000, H. N. Tran et 

al., 2021]. It is expressed as follows: 

∆𝐺° = ∆𝐻° − 𝑇∆𝑆°               (7)   

It is also possible to express the energy variation as a function of the equilibrium constant Kd. 

∆𝐺 = ∆𝐺° + 𝑅𝑇𝑙𝑛𝐾𝑑                            (8) 

Given that ΔG = 0 at equilibrium, it follows that: 

 

∆𝐺° = −𝑅𝑇 𝑙𝑛𝐾𝑑                     (9) 

We then obtain: 

LnKd =
∆So

R
−

∆H°

RT
                      (10) 

And                                            Kd =  
V(Co−Ce)

m×Ce
                            (11) 

Figure 9 and table 5 bring together the results obtained from the thermodynamic study. 
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Figure 9: Study of thermodynamics 

                       Table (5): Representation of thermodynamic parameters 

Parameters Values 
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0ΔG 

)1-(kJ.mol 
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328 K -10794.039 

R² 0.863 

The positive values of entropy suggest that a medium disorder is present along with the 

adsorption. The process appears to be spontaneous based on the negative values of the free enthalpy 

ΔGo, indicating that the forces of attraction between the adsorbent and the adsorbate are strong enough 

to form on their own without the need for additional energy. Moreover, a drop in free energy values 

is observed to occur with rising temperature, which promotes the diffusion of adsorbed molecules 

into the interior pores of the adsorbent particles. 

4. Conclusion 

In conclusion, this work sheds light on both the kinetics and thermodynamics of methyl orange dye 

adsorption on powdered activated carbon, offering important insights into the mechanisms governing 

the adsorption process and its potential applications in water remediation. The study confirms that 

PAC is highly effective in removing dye from water, even at high concentrations.  

The study of adsorption kinetics provides valuable insights into the adsorption mechanisms and helps 

in optimizing the design and operation of adsorption systems for wastewater treatment, the process 

being well described by the pseudo-second-order kinetic model. This suggests that the adsorption is 
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primarily controlled by chemisorption, with potential contributions from intraparticle diffusion. 

Understanding this kinetics is crucial for scaling up the process for industrial applications. 

The adsorption isotherms are crucial in understanding how Methyl Orange interacts with powdered 

activated carbon. By analyzing these isotherms, one can determine the adsorption capacity, surface 

properties, and the nature of the adsorption process, which is vital for designing and optimizing water 

treatment systems. 

Thermodynamic analysis clarifies the forces that propel the adsorption process, while kinetic 

modeling sheds light on the adsorption mechanisms and rate-limiting steps. In an environment where 

synthetic dye pollution is a major environmental concern, these results help to better understand the 

behavior of adsorption and offer useful information for the design and optimization of adsorption-

based water treatment processes. 

Acknowledgements 

The authors of this paper would like to express their gratitude to all of the people who have assisted 

us in this work, especially our colleagues from the Department and Laboratory of Process Engineering 

(PE) and the Laboratory of Dynamics, Interactions, and Reactivity of Systems (DIRS) at Kasdi 

Merbah University, Ouargla, for their outstanding contributions to this study. 

References 

A. Aluigi , F. Rombaldoni , C. Tonetti, L. Jannoke,  Study of Methylene Blue adsorption on 

keratin nanofibrous membranes, Journal of Hazardous Materials, P 156-165, 2014. 

Ahmed Mohammed Abbas, Suha Sahib Abd, Takialdin Abdulhadi Himdan, Kinetic Study of Methyl 

Green Dye Adsorption from Aqueous Solution by Bauxite Clay at Different Temperatures, Ibn 

AL- Haitham Journal For Pure and Applied Science 31(1):58, 2018. 

Ajay Kumar Singh, Adarsh Kumar, Ram Chandra, Environmental pollutants of paper industry 

wastewater and their toxic effects on human health and ecosystem, Bioresource Technology 

Reports, Volume 20,  2022.  

AnnaChristina R. Ngo and Dirk Tischler, Microbial Degradation of Azo Dyes: Approaches and 

Prospects for a Hazard-Free Conversion by Microorganisms, International Journal of 

Environmental Research and Public Healt, 2022.   

Aravin Prince Periyasamy, Recent Advances in the Remediation of Textile-Dye-Containing 

Wastewater: Prioritizing Human Health and Sustainable Wastewater Treatment, Sustainability 

2024, 16(2), 495. 

Bingzheng Li, Charaterization of Pore Structure and Surface Chemistry of Activated Carbons 

– A Review, Taiyuan University of Science & Technology P. R. China, 2012. 

Clinton D. Stoner, Inquiries into the Nature of Free Energy and Entropy in Respect to 

Biochemical Thermodynamics, Entropy, 2000, 2, 106-141. 

https://www.sciencedirect.com/journal/journal-of-hazardous-materials
https://www.researchgate.net/profile/Ahmed-Abbas-14?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Suha-Sahib-Abd-2146549366
https://www.researchgate.net/scientific-contributions/Takialdin-A-Himdan-2126925078?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19


 Yasmina MOKHBIAfr.J.Bio.Sc. 6(14) (2024)                                         Page 9075 of 13 
 

De Vasconcelos D., Maria G., Mulinari J., Ulson de Souza A.A., De Oliveira D., De Andrade C.J. 

Biodegradation of azo dye-containing wastewater by activated sludge: A critical review. World 

J. Microbiol. Biotechnol. 2021. 

Dharini Sahu, Shamsh Pervez, Indrapal Karbhal, Aishwaryashri Tamrakar, Archi Mishra, Sushant 

Ranjan Verma, Manas Kanti Deb, Kallol K. Ghosh, Yasmeen Fatima Pervez , Kamlesh Shrivas, 

Manmohan L. Satnami, Applications of different adsorbent materials for the removal of organic 

and inorganic contaminants from water and wastewater – A review, Desalination and Water 

Treatment, 2024, 100253. 

Freundlich, H.,  Colloid and Capillary Chemistry. Methuen, London, 1926. 

George Z. Kyzas, Jie Fu, and Kostas A. Matis, The Change from Past to Future for Adsorbent 

Materials in Treatment of Dyeing Wastewaters,  Materials, 2013, 6, 5131-5158. 

H. A.Erkurt , Biodegradation of azo dyes, Environmental chemistry, Springer, 2010. 

Hai Nguyen Tran, Eder C. Lima, Ruey-Shin Juang, Jean-Claude Bollinger, Huan-Ping Chao, 

Thermodynamic parameters of liquid–phase adsorption process calculated from different 

equilibrium constants related to adsorption isotherms: A comparison study, Journal of 

Environmental Chemical Engineering, 2021. 

Hai Nguyen Tran, Ya-Fen Wang, Sheng-Jie You, Huan-Ping Chao, Insights into the mechanism of 

cationic dye adsorption on activated charcoal: The importance of π–π interactions, Process 

Safety and Environmental Protection, 2017, Pages 168-180. 

Hassiba Bessaha, Mohamed Bouraada and Louis Charles de Ménorval, Removal of an Acid Dye 

from Water Using Calcined and Uncalcined ZnAl-r Anionic Clay, Water Environment Research, 

Vol. 89, No. 9, 2017.  

Huang, L., Yang, Z., Li, B., Hu, J., Zhang, W. & Ying, W. C. Granular activated carbon adsorption 

process for removing trichloroethylene from groundwater. AIChE J, (2011). Vol. 57,  No. 2, pp. 

(542-550), 1547-5905. 

Huazhong Liu , Qing An , Qian Deng , Jiexiu Ming , Han Xu, Adsorption behavior of methylene 

blue on graphene and hexagonal boron nitride monolayers in aqueous solution: A first-

principles treatment, Journal of Physics and Chemistry of Solids, 2023. 

Langmuir, I., The Adsorption of Gases on Plane Surface of Glass, Mica and Olatinum, Journal 

of the American Chemical Society, 1918. 

M.A. Al-Ghouti, M.A.M. Khraisheh, S.J. Allen, M.N. Ahmad, The removal of dyes from textile 

wastewater: a study of the physical characteristics and adsorption mechanisms of diatomaceous 

earth, Journal of Environmental Management, 2003, Pages 229-238. 

Md. Ahmaruzzaman, Soumya,anjan Mishra, Vishal Gadore, Gaurav Yadav, Saptarshi Roy, Baishali 

Bhattacharjee, Anindita Bhuyan, Berileena Hazarika, Jnyanashree Darabdhara, Khushboo Kumari, 

Phenolic compounds in water: From toxicity and source to sustainable solutions – An integrated 

https://www.sciencedirect.com/journal/journal-of-environmental-chemical-engineering
https://www.sciencedirect.com/journal/journal-of-environmental-chemical-engineering
https://www.sciencedirect.com/journal/process-safety-and-environmental-protection
https://www.sciencedirect.com/journal/process-safety-and-environmental-protection
https://www.sciencedirect.com/journal/journal-of-physics-and-chemistry-of-solids
https://www.sciencedirect.com/journal/journal-of-environmental-management


 Yasmina MOKHBIAfr.J.Bio.Sc. 6(14) (2024)                                         Page 9076 of 13 
 

review of removal methods, advanced technologies, cost analysis, and future prospects,  Journal 

of Environmental Chemical Engineering, Volume 12, Issue 3, June 2024. 

Md. Nahid Pervez, Mohammad Mahbubul Hassan, Vincenzo Naddeo, Separation of cationic 

methylene blue dye from its aqueous solution by S-sulfonated wool keratin-based sustainable 

electrospun nanofibrous membrane biosorbent, Separation and Purification Technology, 2024. 

Mohamad Amran Mohd Salleh, Dalia Khalid Mahmoud , Wan Azlina Wan  

Abdul Karim, Azni Idris, Cationic and anionic dye adsorption by agricultural solid wastes,  

Desalination, P 1-13, 2011. 

Nevin Yalçın, Vahdettin Sevinç, Studies of the surface area and porosity of activated carbons 

prepared from rice husks, Carbon, Volume 38, Issue 14, 2000, Pages 1943-1945. 

P. Senthil Kumar, P. Sebastina Anne Fernando, R. Tanvir Ahmed, R. Srinath, Effect of Temperature 

on the Adsorption of Methylene Blue Dye onto Sulfuric Acid-Treated Orange Peel, 2014, 

Chemical Engineering Communications 201(11):1526-1547 

Pradeep Kumar, Ruchika Agnihotri, Kailas L. Wasewar, Changkyoo Yoo, Status of adsorptive 

removal of dye from textile industry effluent, Desalination and Water Treatment,  2012. 

Qiuhong Hu, Zhiping Xu, Shizhang Qiao, Fouad Haghseresht, Michael Wilson, Gao Qing Lu, A 

novel color removal adsorbent from heterocoagulation of cationic and anionic clays, Journal of 

Coll and Interface Sci308 p: 191-199,2007. 

Rafiya Javeed Ganaie, Samreen Rafiq and Ashita Sharma, Recent Advances in Physico-chemical 

Methods for Removal of Dye from Wastewater,  Earth and Environmental Science, 2023. 

Rashi Miglani, Nagma Parveen, Ankit Kumar, Mohd. Arif Ansari, Soumya Khanna, Gaurav Rawat, 

Amrita Kumari Panda, Satpal Singh Bisht, Jyoti Upadhyay,and Mohd Nazam Ansari, Degradation 

of Xenobiotic Pollutants: An Environmentally Sustainable Approach, Metabolites, 2022 Sep; 

12(9): 818. 

Singh P.K., Singh R.L. Bio-removal of azo dyes: A review. Int. J. Appl. Sci. 

Biotechnol. 2017;5:108–126. 

Syieluing Wong, Nawal Abd Ghafar, Norzita ngadi, Fatin Amirah Razmi, Ibrahim Mohammed 

Inuwa, Ramli Mat and  Nor Aishah Saidina Amin, Effective removal of anionic textile dyes using 

adsorbent synthesized from coffee waste, Scientific Reports, 2020.  

https://www.sciencedirect.com/journal/desalination
https://www.sciencedirect.com/journal/carbon
https://www.sciencedirect.com/journal/carbon/vol/38/issue/14
https://www.researchgate.net/scientific-contributions/P-Senthil-Kumar-2237720967
https://www.researchgate.net/scientific-contributions/P-Sebastina-Anne-Fernando-2034531148?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/R-Tanvir-Ahmed-2042030580
https://www.researchgate.net/scientific-contributions/R-Srinath-2034475820?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Pradeep-Kumar-34?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/profile/Ruchika-Agnihotri-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/profile/Kailas-Wasewar-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/profile/Changkyoo-Yoo?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/271758811_Status_of_adsorptive_removal_of_dye_from_textile_industry_effluent?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/271758811_Status_of_adsorptive_removal_of_dye_from_textile_industry_effluent?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ

