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ABSTRACT 

Water, one of the essential resources for the survival of all living organisms, is not only limited to human beings 

alone but also for productive activities like agriculture, industrial activities, etc. Many industries have come up due 

to  rapid industrialization which resulted in countless benefits as it plays a vital role in the economic development of  

underdeveloped and developing countries. Despite its benefits, the industrial sector is one of the global polluters as 

it consumes a large number of chemicals and fuels. Industries like plastic, paper, cosmetics, textile use dyes to color 

their products. The waste effluent from these industries leaves out the colored water, which, even at low 

concentrations is highly visible and undesirable. Adsorption, one of the effective methods for the removal of dyes 

from waste effluent, has an edge when compared to other methods due to its sludge-free clean operation. Activated 

charcoal is the most widely used adsorbent and in spite of its widespread use in various cleaning procedures, it 

remains expensive. The present study is aimed towards the development of an industrially viable, cost-effective, and 

environmentally compatible adsorbent for the removal of dyes from wastewater. The biomass of Azadirachta Indica 

(Neem) is used to prepare activated charcoal using NaOH as an activating agent. The prepared activated charcoal 

is tested for Batch studies with different parameters such as the effect of time, dosage, and pH. The removal 

efficiency and the adsorptive capacity are calculated. The prepared activated charcoal from Azadirachta Indica has 

shown the removal of Methylene blue dye to a maximum of 94.33% from synthetic wastewater. Adsorption kinetic 

studies were analyzed for the resulting data and it was found that the Pseudo second-order kinetic model was the 

best fit. 

Keyword:- Adsorption, Activated charcoal, Methylene blue, Azadirachta Indica, Kinetic studies, Textile 
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1.  INTRODUCTION 

Water supports all forms of life on the planet. 70% of the earth’s surface is made of water out of which only 3% of 

fresh water is for human consumption. Due to the rapid industrialization, a number of industries have come up 

which resulted in a numerous benefit as the industrial sector plays a major role in the economic development of the 

under developed and developing countries. Among the various industries, textile industry is one such industry which 

plays a vital role in the economy of Asian countries. Textile industry contributes 7% of the total world exports and 

employs around 35 million workers around the world [8]. In India, the textile industry contributed 7% to the 

industry output (by value) in 2018-2019. It contributed 2% to the GDP, 12% to the export earnings and held about 

5% of the global trade in 2018-2019. Besides the benefits, the industrial sector is one of the biggest global polluters 
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[6]. Textile industry is responsible for a number of environmental impacts. The main damage caused by the textile 

industry is the discharge of untreated effluent into the water bodies [6]. The untreated effluent from the textile 

industry constitutes 80% of the total emissions produced by this industry [30]. The untreated effluent has relatively 

high levels of Biological Oxygen Demand and Chemical Oxygen Demand [28]. Textile industry is using more than 

8000 chemicals in various processes of the textile manufacturing including printing and dyeing. 

1.1 DYES 

Dyes are soluble organic compounds especially classified as acidic, basic, reactive, direct etc. A dye is generally 

applied in an aqueous solution and may require a mordant to improve the fastness of the dye on the fiber. Earlier 

fabric used to be dyed with natural dyes obtained from fruits, vegetables, roots. Color is the main attraction of any 

fabric because if it is unsuitably colored, it is bound to be a failure as a commercial adsorbent. With the production 

of synthetic dyes, it gave a boost to textile industry as synthetic dyes offer a range of colors and brighter shades, 

which was a major setback in natural dyes. But the untreated colored water when released into the environment is a 

major problem for environmental management [9]. The color associated with the textile dyes not only causes 

aesthetic damage to water bodies but also prevents the penetration of light into the water. This leads to a reduction in 

the rate of photosynthesis and dissolved oxygen levels which affects the entire aquatic life [14]. 

1.2 AVAILABLE TREATMENT TECHNOLOGIES 

A wide range of methods have been formulated for the removal of dyes from the water and the wastewater to reduce 

their impact on the environment. The methods can be classified as Physical (Sedimentation, Filtration, Floatation, 

Coagulation, Reverse osmosis, Adsorption, Incineration, Distillation, Membrane treatment), Chemical 

(Neutralization, Reduction, Oxidation, Ion exchange, Electrolysis) and Biological (Stabilization, Aerated lagoons, 

trickling filters, Activated sludge, Fungal treatment, Flocculation). But these methods suffer from one or the other 

limitations and have their own constraints. Adsorption, due to its simple design, has an edge over other method.  

1.3 ADSORPTION 

Adsorption is often described as a surface phenomenon where particles get attached to the top layer of the material. 

For the adsorption process, two components are required, Adsorbate, a substance that gets deposited on the surface 

of another substance and Adsorbent, the surface of the substance on which the adsorbate adsorbs. 

The most generally used adsorbent for industrial purpose is the Activated carbon due to its excellent adsorption 

capability. It can be made from many substances containing high carbon content such as coal, coconut shell, wood 

etc. but the raw material which is used to prepare, has a very large influence on the performance. Although, 

commercial activated carbon is a preferred adsorbent for the removal of color, its widespread use is limited due to its 

high cost and the cost of regeneration is also high because the desorption of the dye molecules is not easily achieved. 

This limitation has led to the development of an alternative, low-cost adsorbent. In recent years, there have been 

numerous studies focused on the development of cheaper materials such as fibers, hardwood, rice husk, orange peel, 

sawdust etc.  

1.4 AZADIRACHTA INDICA 

Azadirachta Indica, commonly known as Neem is native to Indian sub-continent. The Latin name of Azadirachta 

Indica is derived from the Persian which refers to “The free tree of India” (Azad = free, dirakht = tree, i-hind = of 

Indian origin). This tree can thrive on the merest trickle of water, whatever may be the quality. So, it is noted for its 

drought resistance.  

In the present study, the bark of Azadirachta Indica is used for the preparation of low cost activated carbon. The 

contents of Neem bark are shown in the table below. 
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Table – 1: Contents of Neem bark 

Trunk bark Stem bark 

Nimbin (0.04%) 

Nimbinin (0.001%) 

Nimbidin (0.4%) 

Nimbosterol (0.03%) 

Essential oil (0.02%) 

Tannins (6%) 

Tannins (12-16%) 

Non – tannins (8-11%)  

 

2 METHODOLOGY 

2.1 Preparation of Activated Charcoal 

The bark pieces of Azadirachta Indica are collected, washed with distilled water and dried at 100℃ in a hot air oven 

for an hour. They are then placed in a muffle furnace at 500℃ for an hour so that the bark pieces are turned into 

charcoal. It is made into a fine powder using mortar and pestle. The powder is sieved such that it passes through IS 

.425 M. M sieve and retains on IS .250 M. M sieve. Activation of charcoal is done using NaOH by taking charcoal 

powder and NaOH in 1:1 ratio and mixing it with 20 ml distilled water. 0.1 N HCl solution is added to maintain the 

pH between 6.5 and 7. The mixture is placed in a hot air oven at 100℃ for an hour to obtain activated charcoal. 

2.2 Preparation of Methylene blue solution 

Stock solution of Methylene blue was prepared using 1 gm of Methylene blue diluted in 1000 ml of distilled water. 

Different dye concentrations of 0.2 gm/L, 0.4 gm/L, 0.6 gm/L, 0.8 gm/L and 1 gm/L were prepared and their 

percentage absorbance was found using UV Spectrophotometer at a maximum wavelength of 664 nm. Calibration 

curve is plotted with the obtained values. 

  

 

Chart - 1: Calibration curve 

2.3 Effect of contact time 

The effect of contact time was studied by taking 0.6 gm of adsorbent in 100 mL of aqueous solution of Methylene 

blue at an initial concentration of 1 mg/L. The sample is collected at different time intervals like 15, 30, 45, 60 and 

75 minutes. It is filtered and the removal efficiency was calculated. 
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2.4 Effect of adsorbent dosage 

The effect of adsorbent dosage was studied by taking different dosage of adsorbent as 0.2 gm, 0.4 gm, 0.6 gm into 

100 mL of aqueous solution of Methylene blue and by keeping the other conditions constant. The samples were 

collected for various time intervals of 15, 30, 45, 60, 75 minutes and absorbance values are obtained to find the 

optimum dosage. 

2.5 Effect of pH 

To determine the effect of pH, adsorbent dosage of 0.6 gm is taken and time interval is taken from 15 to 75 minutes. 

0.1 HCl solution is used to reduce the pH to 2, 4, 6 and 0.1 N KOH solution is used to increase the pH to 8 and 10. 

The samples are collected and analyzed for the absorbance values. 

2.6 Adsorption kinetics 

From the resulting data of the batch studies, adsorption kinetics, pseudo first order and pseudo second order, were 

plotted to find out the best fit kinetic model. 

3 RESULTS AND DISCUSSSION 

3.1 Effect of contact time 

The percentage removal of Methylene blue increased with duration. Initially for the sample collected at 15 minutes, 

the removal percentage was 78.6% and it gradually went up to a maximum of 92.46% at 75 minutes. Further there 

was no adsorption observed due to the deposition of Methylene blue on the available sites of the adsorbent.  

 

 

Chart 2: Effect of contact time 

3.2 Effect of adsorbent dosage 

When the adsorbent dosage was increased from 0.2 to 0.6 gm, the removal percentage of Methylene blue also 

increased from 70.41% to 92.46%.  It was observed that the maximum removal using 0.2 gm adsorbent was 81.74%, 

using 0.4 gm was 86.85% and using 0.6 gm it was 94.46%. The dye removal increased with an increase in adsorbent 

dosage and this might be due to the fact that at better dose of the adsorbent, extra sorbent and pore volume might be 

available for the adsorption interaction which results in percentage removal. The graph shows the variation of 

adsorbent dosage and removal percentage of Methylene blue.  
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Chart 3: Effect of adsorbent dosage 

3.3 Effect of pH 

The removal percentage of Methylene blue was lowest at pH 2 and maximum removal of was observed at a pH 8. 

From the graph, it clearly shows that with the increase in pH, the percentage removal increases but after reaching a 

maximum removal at pH 8, it removal percentage of Methylene blue decreases at pH 10. 

 

 

 

Chart 4: Effect of pH 
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3.4 Adsorption Kinetics   

Pseudo first order kinetics is a plot between Time (min) on X-axis and ln (qe-qt) on Y-axis. The experimental 

adsorption capacity and theoretical adsorption capacity are compared and R2 value is known. The graph for pseudo 

first order kinetics is shown below. 

Table 2: Pseudo first-order and second-order kinetics 

S. No. Time (min) ln (qe-qt) t/qt 

1 15 3.15 0.11 

2 30 2.76 0.214 

3 45 2.13 0.305 

 

 

Chart 5: Pseudo first-order kinetic model. 

Pseudo second order kinetics is a plot between Time (min) and t/qt. The graph for the pseudo second order is shown 

below. 

 

Chart 6: Pseudo second-order kinetic model 

15 20 25 30 35 40 45

2.0

2.2

2.4

2.6

2.8

3.0

3.2

Pseudo first order kinetic model

ln
 (

q
e
-q

t)

Time (min)

15 20 25 30 35 40 45

0.10

0.15

0.20

0.25

0.30

Pseudo second order kinetic model

t/
q
t

Time (min)



Vol-7 Issue-4 2021               IJARIIE-ISSN(O)-2395-4396 
   

14980 www.ijariie.com 821 

Table 3: Pseudo first-order and second-order kinetics 

Order of 

Kinetics 

Experimental 

adsorption 

capacity, qe
exp

 

(mg/g) 

Theoretical 

adsorption 

capacity, qe
theo

 

(mg/g) 

Rate constant 

1/min 

Correlation 

coefficient, 

R
2
 

K1 K2 

1 155.9 39.9172 -0.00075 ----- 0.95997 

2 155.9 156.25 ----- 0.002194 0.99819 

 

With reference to the above table, the experimental adsorption capacity of the pseudo second-order was very much 

nearer to the theoretical adsorption capacity when compared to that of the pseudo first-order values. The Correlation 

coefficient of the pseudo second-order model is greater than the correlation coefficient of pseudo first-order model 

and is also near to 1. It can be concluded that the pseudo second-order kinetic model is the best fit.   

4. CONCLUSIONS 

The study entailed the degradation of methylene blue dye in synthetic waste water using Azadirachta Indica bark. 

The results showed that Azadirachta Indica bark proved to be a effective bio sorbent for the removal of methylene 

blue dye. The performance is strongly affected by the parameters such as contact time, adsorbent dosage and pH. 

The maximum removal of methylene blue, 94.33% was observed at pH 8, adsorbent dosage of 0.6 gm and a contact 

time of 75 minutes. In neutral solution, the maximum removal observed was 92.46%. When the adsorption kinetics 

was applied, pseudo second-order kinetic model was the best fit. 

5. REFERENCES 

[1] A K Bhattacharya, Mandal S N, Das S K, Adsorption of Zn(II) from aqueous solution by using different 

adsorbents, Chemical Engineering Journal, 2006, 123: 43-51. 

[2] Alau K K, Gimba C E, Kagbu J A, Nale, Preparation of activated carbon from Neem (Azadirachta Indica) husk 

by chemical activation with H3PO4, KOH and ZnCl2, Archives of Applied Research, 2010, 2(5): 451-455. 

[3] Anjaneyulu Y, Chary N S, Raj DSN, Decolourization of industrial effluents – available methods and emerging 

technologies – a review, Reviews in Environmental Science and Biotechnology, 2005, 4: 245-273. 

[4] Aquino J M, Rocha Filho R C, Ruotolo L, Bocchi N and Biaggio S R, Electrochemical degradation of a real 

textile wastewater using β-PbO2 and DSA anodes, Chemical Engineering Journal, 2014, 251: 138-145. 

[5] Aravind S, Shambavi Kamath, Dye and heavy metal removal from solution by Neem – A review, International 

Journal of Innovative Research in Science, Engineering and Technology, June 2015, 4(6): 4999-5002. 

[6] Bhatia S C, Pollution control in textile industry, WPI Publishing, 2017. 

[7] Bruno Lellis, Cinta Zani Favaro-Polonio, Joao Alencar Pamphile, Julio Cesar Polonio, Effects of textile dyes o 

health and environment and bioremediation potential of living organisms, Biotechnology Research and Innovation, 

2019, 3: 275-290. 

[8] Desore A, Narula S A, AN overview on corporate response towards sustainability issues in textile industry, 

Environment Development and Sustainability, 2018, 20(4): 1439- 1459. 

[9] Deepshikha Sareen, Dr Rajeev Garg, Dr Neelkanth Grover, A study on removal of methylene blue dye from 

wastewater by adsorption technique using fly ash briquette, International Journal of Engineering Research and 

Technology, July 2014, 3(7): 610-613. 

[10] D P Tiwari, S K Singh, Neetu Sharma, Sorption of methylene blue on treated agricultural adsorbents: 

equilibrium and kinetic studies, Applied Water Sciences, 2015, 5:81-88. 



Vol-7 Issue-4 2021               IJARIIE-ISSN(O)-2395-4396 
   

14980 www.ijariie.com 822 

[11] Ghanshyam G Pandhare, Nikhilesh Trivedi, Dawande S D, Adsorption of color from a stock solution using 

Neem leaves powder as a low cost adsorbent, International Journal of Engineering Sciences and Emerging 

Technologies, June 2013, 5(2): 97-103. 

[12] Hiremath G M, Basavaraj Kaeadagil, Removal of COD and color from textile wastewater using sawdust as an 

adsorbent, International Journal of Innovative Research in Science, Engineering and Technology, 2016, 5(6): 9593-

9597. 

[13] Hajira Tahir, Uzma Hammed, Qazi Jahanzeb, Muhammad Sultan, Removal of fast green dye from an aqueous 

solution using Azadirachta Indica leaf powder as a low cost adsorbent, African Journal of Biotechnology, November 

2008, 7(21): 3906-3911. 

[14] Hassan M M, Carr C M, A critical review on recent advancements of the removal of reactive dyes from dye 

house effluent by ion exchange adsorbnets, Chemosphere, 2018, 209(1): 201-219. 

[15] Hossain M S, Das S C, Islam J M, Al Mamun M A, Khan M A, Reuse of textile mill ETP sludge in 

environmental friendly bricks – effect of gamma radiation, Radiation Physics and Chemistry, 2018, 151: 77-83. 

[16] Hossam Altaher, Emad El Qada, Investigation of the treatment of colored water using efficient locally available 

adsorbent, International Journal of Energy and Environment, 2011, 2(6): 1113-1124. 

[17] Imran M, Crowley D E, Khalid A, Hussain S, Mumtaz M W, Arshad M, Microbial biotechnology for 

decolourization of textile wastewaters, Reviews in Environmental Science and Biotechnology, 2015, 14(1): 73-92. 

[18] Indira Khatod, Removal of Methylene blue dye from aqueous solutions by Neem leaf and Orange peel powder, 

International Journal of ChemTech Research, April-June 2013,  5(2): 572-577. 

[19] Irina Isabella Savin, Romen Butnaru, Wastewater characteristics in textile finishing mills, Environmental 

Engineering and Management Journal, 2008. 

[20] Peralta Hernandez J M, Carlos A Martinez Huitle, Jorge L Guzman Marl, Hernandez Ramirez, Recent advances 

in application of Electro fenton and Photo electro fenton process for removal of synthetic dyes in wastewater 

treatment, Journal of Environmental Engineering and Management, 2009, 19(5): 257-265. 

[21] Jordao C, Puppim R, Broega A C, Solutions notes on clean textile waste, International conference on 

Innovation, Engineering and Entrepreneurship, 2018, 682-689. 

[22] Kassa Belay, Mesfin Abebe, Removal of Malachite green from aqueous solutions by adsorption using low cost 

bio sorbent Neem leaf (Azadirachta Indica), Merit Research Journal of Environmental Science and Toxicology, July 

2014, 2(4): 86-92. 

[23] Khan S, Malik A, Toxicity evaluation of textile effluents and role of native soil bacterium in biodegradation of 

a textile dye, Environmental Science and Pollution Research – International, 2018, 25(5): 4446-4458. 

[24] Khatri J, Nidheesh P, Singh T A, Kumar M S, Advanced oxidation processes based on zero valent aluminium 

for treating textile wastewater, Chemical Engineering Journal, 2015, 348: 67-73. 

[25] Kermani M, Bina B, Movahedian H, Amin M M, Nikaein M, Application of moving bed biofilm process for 

biological organica and nutrients removal from municipal wastewater, American Journal of Environmenatal 

Sciences, 2008. 

[26] Mathur N, Bhatnagar P, Bakre P, Assessing mutagenicity of textile dyes from Pali (Rajasthan) using Ames 

Bioassay, Applied Ecology and Environmental Research, 2005, 4(1): 111-118. 

[27] Neetu Sharma, Tiwari D P, Singh S K, The efficiency appraisal for removal of Malachite green by Potato peel 

and Neem bark: Isotherm and Kinetic studies, International Journal of Chemical and Environmental Engineering, 

April 2014, 5(2): 83-88. 



Vol-7 Issue-4 2021               IJARIIE-ISSN(O)-2395-4396 
   

14980 www.ijariie.com 823 

[28] Orts F, del Rio A I, Molina J, Bonastre J, Cases F, Electrochemical treatment of real textile wastewater: 

Trichromy Procion HEXL, Journal of Electro analytical Chemistry, 2018, 808: 387-394 

[29] Ruchi Srivastava D C Rupainwar, A comparative evaluation of dye on Neem bark and Mango bark powder, 

Indian Journal of Chemical Technology, January 2011, 67-75. 

[30] Wang X J, Gu X Y, Lin D X, Dong F, Wan X F, Treatment of acid rose dye containing wastewater by 

ozonizing biological aerated filter, Dyes Pigments, 2007, 74(3): 736.  


