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Abstract : The aim of the present work is to remove Crystal violet (CV) dye from their aqueous 

solution using Spathodea campanulata leaves powder as low cost biosorbent in a batch study. 

The effect of parameters in a batch study were contact time, solution pH, initial CV dye 

concentration, biosorbent dosage, average particle size of the biosorbent and temperature. The 

kinetic and isotherm studies of biosorption of CV dye onto Spathodea campanulata biosorbent 
was investigated.The maximum biosorption capacities of 12.65 mg/g of Crystal violet dye onto 

the Spathodea campanulata biosorbent fitted well with the Langmuir isotherm 

model.Thermodynamic parameters such as Gibbs free energy, enthalpy change and entropy 
change were also estimated for the biosorption of CV dye. The thermodynamic studies 

indicated that the biosorption of Crystal violet dye onto Spathodea campanulata biosorbent was 

spontaneous, feasible and endothermic. 

Keywords :  Crystal violet, Spathodea campanulata, pollution control, aqueous solution,   
Biosorption. 

 

1. Introduction 

Water is an irreplaceable natural resource on this earth on which all life depends as a valuable natural 
resource, it comprises marine, estuarine, fresh water (river and lake) and ground water environments, across 

costal and inlands areas. Even though there is a huge water resource in this world, about 97% of water is salt 

water (marine) and only 3% is fresh water, and in this small fraction of fresh water most of it is locked up in 

polar ice caps and just 0.003% is readily available to us in the form of ground water and surface water.Water 
pollutants are of different types such as oxygen demanding wastes, diseases causing agents, synthetic organic 

compounds, plant nutrients, inorganic chemicals and minerals, oils, thermal discharge and radioactive wastes. 

Of all these water pollutants, heavy metals and synthetic organic compounds cause majority of water pollution. 
Industries like paper and pulp, tanneries, textiles, and coke ovens, pharmaceutical, food processing,              

metal packing, dye-stuff and fertilizer discharge these pollutants into natural water bodies. Heavy metals and  
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synthetic organic compounds are non–biodegradable and they can be accumulated living tissues causing various 

diseases and cause a great damage to human habitation[1].Dyes are also used in industries such as rubber, paper 

and pulp dye and dye intermediate industries, pharmaceutical, tannery, food Technology, hair colouring, plastic, 
cosmetic, etc. There are more than 10,000 commercially available dyes with over 7 lakh times of dyestuff being 

produced annually across the world [2].The textile industry consumes more than 107 kg of die per year of 

which 90% ending upon fabrics[3].Of this total usage 10 to 15% of the die is lost during the dying process and 

released with effluent. Colour is contributed by phenolic compounds such as tannins, lignans (two to three 
percent) and organic colorants (three to four percent) and with a maximum contributions from dye and dye 

intermediates which could be sulphur or mordant / reactive / cationic / disperse / acid / azo vat die [4].Crystal 

violet or gentian violet (also known as methyl violet 10B or hexamethylpararosaniline chloride) is 
a triarylmethane dye used as a histological stain and in Gram's method of classifying bacteria. Crystal violet 

has antibacterial, antifungal, and anthelmintic properties and was formerly important as a topical antiseptic. The 

medical use of the dye has been largely superseded by more modern drugs, although it is still listed by 
the World Health Organization. Crystal violet when dissolved in water has a blue-violet colour with 

an absorbance maximum at 590 nm. Biosorption technique was most favourable procedure among all the 

physico-chemical and adsorption, flocculation combined with flotation, membrane filtration, electrokinetic 

coagulation, ozonation, oxidation, precipitation and Ion exchange methods [5, 6]. 

2. Materials and Methods: 

2.1.Preparation of dye solution: 

Stock solutions of Crystal violet concentration 1000 mg/L was prepared by dissolving 1 g of 100% 
Crystal violet in 1000 ml of distilled water. The solution was prepared using standard flasks. The range of 

concentration of the prepared dye solutions varied between 20 and 200 mg/l was prepared using the stock 

solution of individual dye. 

2.2.Preparation of biosorbent: 

The green colored Spathodea campanulata leaves used in the present study were collected from the 
college of Engineering, Andhra University, Visakhapatnam, India. The collected leaves were washed with 

deionised water several times to remove dirt particles. The washing process was continued till the wash water 

contains no dirt. The washed leaves were then completely dried in sunlight for 20 days. The dried leaves were 
then cut into small pieces and powdered using domestic mixie. In the present study the powdered materials in 

the range of 53–152 m particle size were directly used as biosorbents without any pretreatment. 

2.3.Chemicals: 

The other chemicals used in the present study were NaOH and HCl. The pH of solutions is  adjusted 

with 0.1 N HCl and 0.1 N NaOH. The entire chemicals used were analytical reagent (AR). 

2.4.Batch mode biosorption studies: 

Batch biosorption equilibrium experiments were conducted in 250 ml conical flasks at a constant 
agitation speed (180 rpm). All the experiments were carried out at room temperature (± 30

0
C). The 

concentrations of both the dyes before and after sorption were determined using UV- Vis spectrophotometer by 

monitoring the absorbance for the dye used. 

3. Results and Discussion: 

3.1.Effect of contact time:  

The percentage of biosorption was determined at different contact times and the results are shown in 

Fig1. The figure reveal that the percentage of biosorption Crystal violetwas steeply increased with an increase 

in contact time from 5 to 30 min and there after reached plateu after attaining equilibrium 30 min for Crystal 
violet. Therefore, contact time of 30 min is sufficient for the removal of Crystal violet under the experimental 

conditions used in this study. The percentage of biosorption of Spathodea campanulata leaves as biosorbent for 

https://en.wikipedia.org/wiki/Triphenylmethane
https://en.wikipedia.org/wiki/Histological
https://en.wikipedia.org/wiki/Gram_staining
https://en.wikipedia.org/wiki/Antibacterial
https://en.wikipedia.org/wiki/Antifungal_medication
https://en.wikipedia.org/wiki/Anthelmintic
https://en.wikipedia.org/wiki/Topical
https://en.wikipedia.org/wiki/World_Health_Organization
https://en.wikipedia.org/wiki/Absorbance


Ravikumar Madugula et al /International Journal of ChemTech Research, 2019,12(5): 61-71. 63 

 

 
Crystal violet dye removal was increased from 12 to 66%, with an increase in contact time from 5 to 30 min for 

an initial dye concentration of 20 mg/L. For 200 mg/L, the percentage of biosorption increased from 7.5 to 59 

%, respectively with an increase in contact time from 5 to 30 min.[7-13] 
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Fig.1. Effect of contact time on % biosorption of Crystal violet using Spathodea campanulata  

leaves as biosorbent. 

 

3.2.Effect of solution pH: 

The solution pH is one of the important controlling parameters of the biosorption process. The effect of 

solution pH on % biosorption for the removal of Crystal violet dye was studied From the Fig.2.  It was observed 
that the increase in solution pH from 2 to 6 for Crystal violet resulted in an increase in percentage of biosorption 

from 39 to 75% for Crystal violet for an initial concentration of 20 mg/L. For an initial concentration of 200 

mg/L, the percentage of biosorption was increased from 33 to 68 % for Crystal violet with an increase in 
solution pH from 2 to 6[14-20]. 
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Fig.2. Effect of solution pH on % biosorption of Crystal violet using Spathodea campanulata leaves as 

biosorbent. 

3.3.Effect of initial concentration of dye: 

The effect of initial dye concentration on the percentage of biosorption is shown in Fig.3.  It is evident 
from the figure that the percentage of biosorption decreased with an increase in initial concentration of dye 

from 20 to 200 mg/L at all temparatures. The percentage of biosorption of Crystal violet decreased from 71 to 

42 % and 76 to 47 for Crystal violet with an increase in initial concentration of Crystal violet from 20 to 200 
mg/L at the temperature of 283 K and 323 K, respectively [21, 22]. 
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Fig.3.Effect of initial concentration of dye on % biosorption of Crystal violet using Spathodea 

campanulata leaves as biosorbent. 

3.4.Effect of biosorbent dosage: 

The result obtained is shown in Fig.4, illustrate that the percentage of biosorption was increased with an 

increase in biosorbent dosage. The percentage of biosorption increased from 75 to 86 % from biosorbent dosage 
0.5 to 4 g for an initial concentration of Crystal violet 20 mg/L. For an initial concentration of Crystal violet 200 

mg/L, the percentage of biosorption increased from 67 to 79% from biosorbent dosage 0.5 to 4g [23-29]. 
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Fig.4.Effect of biosorbent dosage on % biosorption of Crystal violet using Spathodea campanulataleaves 

as biosorbent. 

 

3.5.Effect of particle size of biosorbent: 

The result obtained is shown in Fig.5. The resultindicated that the percentage of biosorption was 
decreased with an increase in average particle size of biosorbent. The percentage ofbiosorption  decreased from  

83 to 60 % and 75 to 52% with  an increase in average particle size of biosorbent from 53 to 152 µm for an 

initial concentration of Crystal violet  20 mg /L and 200 mg/L, respectively[30-36]. 
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Fig.5. Effect of average particle size on % biosorption of Crystal violet onto Spathodea campanulata 

leaves biosorbent. 
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3.6. Effect of Temperature: 

The result obtained is shown in Fig.6, The figure indicated that the percentage of biosorption was 
increased with an increase in temperature of the solution.This suggests the endothermic nature of the 

biosorption process. The percentage of biosorption increased from 80 to 85% and 72 to 77% with an increase in 

solution temperature from 283 K to 323 K for an initial concentration of Crystal violet 20 mg /L and 200 mg/L, 
respectively [37-43]. 
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Fig.6. Effect of temperature on % biosorption of Crystal violet onto Spathodea campanulata leaves 

biosorbent. 

4.Equilibrium studies: 

4.1.Langmuir adsorption isotherm:  

The applicability of Langmuir adsorption isotherm model was analyzed using the experimental data by 

plotting Ce/qe versus Ce. Fig.7.show the Langmuir plot for the biosorption of Crystal violet dye at a temperature 

303 K and The separation factor (RL) values at different initial dye concentrations for the dye was determined 

and shown in Fig.8. Langmuir constants and maximum biosorption capacity are compiled in Table 1. The high 
correlation coefficient indicates that the biosorption of dyes onto Spathodea campanulata leaves biosorbent 

followed the Langmuir isotherm. The maximum biosorption capacity (qm) values were found to be 12.6566 

mg/g for Crystal violet. 
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Fig.7. Langumuir Isotherm for biosorption of Crystal violet onto Spathodea campanulata leaves 

biosorbent. 
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Fig.8. Separation factor for biosorption of Crystal violet onto Spathodea campanulata leaves biosorbent. 

4.2.Freundlich isotherm: 

The experimental data was tested for the fitness of Freundlich isotherm model by using linear graphical 
method. The biosorption data was analyzed by plotting lnqe versus lnCe shown in Fig.9. 
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Fig.9. Freundlich Isotherm for biosorption of Crystal violet onto Spathodea campanulata leaves 

biosorbent. 

4.3.Temkin isotherm: 

 Temkin isotherm studies were conducted to evaluate the biosorption potentials and to assess the 

variation of biosorption energies during the biosorption of Crystal violet dye using Spathodea campanulata 

leaves as biosorbent. The biosorption data was analyzed according to the linear form of Temkin model and is 
shown in Fig.10 for the removal of Crystal violet dye. The linear Temkin isotherm constants BT and AT, were 

determined from the slope and intercept of the plots of qe versus lnCe[44-48]. 
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Fig.10. Temkin Isotherm for biosorption of Crystal violet onto Spathodea campanulata leaves biosorbent. 
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Table - 1.Biosorption isotherm constants for Crystal violet removal using Spathodea campanulata 

biosorbent. 

Temperature, 

T(K) 

Langmuir isotherm Freundlich isotherm Temkin isotherm 

qmax, 

(mg/g) 

KL, 

(L/mg) 
R

2 
n 

Kf,  

(mg
1-1/n

 

L
1/n

 /g) 

R
2
 

bT, 

(J/mol) 

AT, 

(L/g) 
R

2
 

283 11.6959 0.0224 0.9968 0.6087 0.5227 0.9848 972.3736 0.2647 0.9823 

293 12.1862 0.0235 0.9967 0.6071 0.5616 0.9859 971.6026 0.2805 0.9813 

303 12.6566 0.0247 0.9964 0.6044 0.6059 0.9869 973.0164 0.2993 0.9801 

313 12.7681 0.0251 0.9963 0.6036 0.6180 0.9872 997.6163 0.3045 0.9798 

323 12.8799 0.0254 0.9961 0.6023 0.6305 0.9874 1022.006 0.31007 0.9795 
 

High correlation coefficient, R
2
, values suggest that the biosorption process could be due to 

heterogeneous surface coverage. This is in good agreement with the result of Langmuir isotherm for Crystal 

violet dye.  

5.Kinetic Studies: 

5.1.Pseudo- first-order kinetic model:  

The pseudo-first-order kinetic model was developed based on the solid adsorption capacity. The 
experimental results were analyzed to test the pseudo-first-order kinetic model and the linear plots of ln (qe –qt) 

versus t is shown in Fig.11.  
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Fig.11. Pseudo first order kinetic model for Crystal violet biosorption onto Spathodea campanulata leaves 

biosorbent. 

5.2.Pseudo-second-order kinetic model: 

The values of equilibrium biosorption capacity and second order rate constants were determined from 

the slope and intercept of the linear plot of t/qt versus t in Fig.12. The values obtained are tabulated along with 
the correlation coefficient (R

2
) values in Table.2 for Crystal violet dye. 
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Fig.12. Pseudo second order kinetic model for Crystal violet biosorption onto Spathodea campanulata 

leaves biosorbent. 

Table - 2.Kinetic model parameters for Crystal violet removal using Spathodea campanulata biosorbent. 

Initial 

Conc, 

mg/l 

Lagergren-first order  Pseudo-second order  

qe, 

(mg/g) 

k1, 

(1/min) 
R1

2 qe, (mg/g) k2(g/mg.min) R2
2 

20 1.2382 0.0563 0.9590 5.26 0.00155 0.7599 

50 1.2499 0.0633 0.9385 4.2789 0.09153 0.9948 

100 1.2606 0.066 0.9219 9.2165 0.1086 0.9990 

150 1.2735 0.069 0.9022 14.1844 0.1124 0.9995 

200 1.2893 0.0727 0.8795 19.15 0.1135 0.9997 
 

6.Thermodynamic Studies:  

Thermodynamic studies provide information about the feasibility of the process and nature of 
biosorption process. In order to estimate the thermodynamic parameters for the biosorption of Crystal violet dye 

using Spathodea campanulata leaves as biosorbent, the experiments were conducted and data were analyzed. 

The values of ΔH° and ΔS° were calculated from the slope and intercept of the linear Van’t Hoff plot i.eln 

(qe/ce)vs(1/T). These plots are shown in Fig.13 for Crystal violet dye. The estimated thermodynamics properties 
along with the correlation coefficients (R

2
) are tabulated in Table-3. 
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Fig.13. Van’t Hoff relation for the determination of thermodynamic parameters for the biosorption of 

Crystal violet onto Spathodea campanulata leaves biosorbent. 
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Table.3: Thermodynamic parameters for the biosorption of Crystal violet onto Spathodea campanulata 

leaves biosorbent. 

Temperature, K 

Crystal violet 

ΔG
0
 

(kJ/mol) 

ΔH
0 

(J/mol) 

ΔS
0 

(J/mol) 

283 –4.7111 

15.4862 16.7020 

293 -4.8781 

303 –5.0452 

313 –5.2122 

323 –5.3792 

7. Conclusion: 

The data obtained from the biosorption studies showed that a contact time of 30 min was sufficient for 

the maximum removal of Crystal violet dye from aqueous solution using Spathodea campanulata biosorbent. 
The experimental data of biosorption of the dye onto the Spathodea campanulata biosorbent fitted well with the 

Langmuir isotherm model. The isotherm reveals that the biosorptionof the dye onto Spathodea campanulata 

biosorbent was favourable. The maximum removal efficiency was predicted to be 89% for Crystal violet, which 

was obtained at a temperature of 303.2868 K, solution pH of 6.0684, initial dye concentration of 20.0908 mg/L 
and biosorbent dosage of 1.5039 g. 

References   

1. Ramachandra, T. V., Ahalya,  N., Rajasekara Murthy C. Aquatic ecosystems: conservation, 

restoration and management, Capital Publishers, New Delhi, (2005). 

2. Robinson, T., McMullan, G., Marchant, R., Nigam, P., Remediation of dyes in textile effluent: a critical 
review on current treatment technologies with a proposed alternative, Bioresource Technology, 77 

(2005) 247-255. 

3. Kassim, T.L.S.M.J.N.M. Acidic and Basic Dyes Removal by Adsorption on Chemically Treated 
Mangrove Barks, International Journal of Applied Science and Technology, 2(3) (2012) 270-276. 

4. Raghavacharya, C. Colour Removal from Industrial effluents - A comparative review of available 

teclmologies, Chem. Eng. World, 32(7) (1997) 53-54. 
5. Sulak, M.T., Demirbas, E., Kobya, M. Removal of Astrazon Yellov.1 7GL from aqueous solution onto 

wheat bran J. Biores. Technol., 98 (2007)  2590-2598. 

6. Xie, K., Zhao, W., He, X. Adsorption properties of nan10-cellulose hybrid. dyes from aqueous solution 

, Carbohyd . Polym., 83 (2011) 1516-1520. 
7. Namasivayam, C., N. Muniasamy, K. Gayatri, M. Rani, and K. Ranganathan. "Removal of dyes from 

aqueous solutions by cellulosic waste orange peel." Bioresource Technology, 57 (1) (1996) 37-43. 

8. Sivaraj, Rajeshwari, C. Namasivayam, and K. Kadirvelu. "Orange peel as an adsorbent in the removal 
of acid violet 17 (acid dye) from aqueous solutions." Waste management, 21 (1) (2001) 105-110. 

9. El-Geundi, Mohammad S. "Colour removal from textile effluents by adsorption techniques." Water 

Research, 25 (3) (1991) 271-273. 
10. Namasivayam, C., and N. Kanchana. "Waste banana pith as adsorbent for color removal from 

wastewaters." Chemosphere, 25 (11) (1992) 1691-1705. 

11. Al-Ghouti, M., M. A. M. Khraisheh, M. N. M. Ahmad, and S. Allen. "Thermodynamic behaviour and 

the effect of temperature on the removal of dyes from aqueous solution using modified diatomite: a 
kinetic study." Journal of Colloid and Interface Science, 287(1) (2005) 6-13.\ 

12. Namasivayam, C., and R. T. Yamuna. "Removal of congo red from aqueous solutions by biogas waste 

slurry." Journal of Chemical Technology and Biotechnology, 53(2) (1992) 153-157. 
13. Namasivayam, C., R. Jeyakumar, and R. T. Yamuna. "Dye removal from wastewater by adsorption on 

‘waste’Fe (III)/Cr (III) hydroxide." Waste management, 14 (7) (1994) 643-648. 

14. Wang, Shaobin, Y. Boyjoo, A. Choueib, and Z. H. Zhu. "Removal of dyes from aqueous solution using 

fly ash and red mud." Water research, 39 (1) (2005) 129-138. 



Ravikumar Madugula et al /International Journal of ChemTech Research, 2019,12(5): 61-71. 70 

 

 
15. Arami, Mokhtar, NargessYousefi Limaee, Niyaz Mohammad Mahmoodi, and Nooshin Salman Tabrizi. 

"Removal of dyes from colored textile wastewater by orange peel adsorbent: equilibrium and kinetic 

studies." Journal of Colloid and interface Science, 288(2) (2005) 371-376. 
16. Kannan, Nagarethinam, and Mariappan Meenakshi Sundaram. "Kinetics and mechanism of removal of 

methylene blue by adsorption on various carbons—a comparative study." Dyes and pigments, 51 (1) 

(2001) 25-40. 

17. Al-Degs, Y., M. A. M. Khraisheh, S. J. Allen, and M. N. Ahmad. "Effect of carbon surface chemistry 
on the removal of reactive dyes from textile effluent." Water Research, 34(3) (2000) 927-935. 

18. Martin, Maria J., Adriana Artola, M. DolorsBalaguer, and MiquelRigola. "Activated carbons developed 

from surplus sewage sludge for the removal of dyes from dilute aqueous solutions." Chemical 
Engineering Journal, 94 (3 ) (2003) 231-239. 

19. Demirbas, Ayhan. "Agricultural based activated carbons for the removal of dyes from aqueous 

solutions: a review." Journal of hazardous materials, 167 (1-3) (2009) 1-9. 
20. Sivaraj, Rajeshwari, C. Namasivayam, and K. Kadirvelu. "Orange peel as an adsorbent in the removal 

of acid violet 17 (acid dye) from aqueous solutions." Waste management, 21(1) (2001) 105-110. 

21. Kannan, Nagarethinam, and Mariappan Meenakshi Sundaram. "Kinetics and mechanism of removal of 

methylene blue by adsorption on various carbons—a comparative study." Dyes and pigments, 51 (1) 
(2001) 25-40. 

22. Arami, Mokhtar, NargessYousefiLimaee, Niyaz Mohammad Mahmoodi, and Nooshin Salman Tabrizi. 

"Removal of dyes from colored textile wastewater by orange peel adsorbent: equilibrium and kinetic 
studies." Journal of Colloid and interface Science, 288 ( 2) (2005) 371-376 

23. Namasivayam, C., and Dyes Kavitha. "Removal of Congo Red from water by adsorption onto activated 

carbon prepared from coir pith, an agricultural solid waste." Dyes and pigments 54, (1) (2002) 47-58. 
24. Robinson, T., B. Chandran, and P. Nigam. "Removal of dyes from an artificial textile dye effluent by 

two agricultural waste residues, corncob and barley husk." Environment International, 28 (1-2) (2002) 

29-33. 

25. Yagub, Mustafa T., Tushar Kanti Sen, Sharmeen Afroze, and Ha Ming Ang. "Dye and its removal from 
aqueous solution by adsorption: a review." Advances in colloid and interface science, 209 (2014) 172-

184. 

26. Namasivayam, C., R. Radhika, and S. Suba. "Uptake of dyes by a promising locally available 
agricultural solid waste: coir pith." Waste management, 21  (4) (2001) 381-387. 

27. Sivaraj, Rajeshwari, C. Namasivayam, and K. Kadirvelu. "Orange peel as an adsorbent in the removal 

of acid violet 17 (acid dye) from aqueous solutions." Waste management, 21 (1) (2001) 105-110. 

28. Mall, Indra D., Vimal C. Srivastava, and Nitin K. Agarwal. "Removal of Orange-G and Methyl Violet 
dyes by adsorption onto bagasse fly ash—kinetic study and equilibrium isotherm analyses." Dyes and 

pigments, 69 ( 3) (2006) 210-223. 

29. Gong, Renmin, Mei Li, Chao Yang, Yingzhi Sun, and Jian Chen. "Removal of cationic dyes from 
aqueous solution by adsorption on peanut hull." Journal of Hazardous Materials,121 (1-3) (2005) 247-

250. 

30. Ho, Yuh-Shan, Tzu-Hsuan Chiang, and Yu-Mei Hsueh. "Removal of basic dye from aqueous solution 
using tree fern as a biosorbent." Process Biochemistry, 40 (1) (2005) 119-124. 

31. Ozacar, Mahmut, and İ. AyhanŞengil. "Adsorption of metal complex dyes from aqueous solutions by 

pine sawdust."Bioresource technology, 96 (7) (2005) 791-795. 

32. Poots, V. J. P., G. McKay, and J. J. Healy. "Removal of basic dye from effluent using wood as an 
adsorbent." Journal (Water Pollution Control Federation) (1978) 926-935. 

33. Khattri, S. D., and M. K. Singh. "Colour removal from synthetic dye wastewater using a 

bioadsorbent." Water, Air, and Soil Pollution, 120 (3-4) (2000) 283-294. 
34. Jain, A. K., V. K. Gupta, Amit Bhatnagar, and Suhas. "A comparative study of adsorbents prepared 

from industrial wastes for removal of dyes." Separation Science and Technology, 38 (2) (2003) 463-

481. 
35. Gong, Renmin, Mei Li, Chao Yang, Yingzhi Sun, and Jian Chen. "Removal of cationic dyes from 

aqueous solution by adsorption on peanut hull." Journal of Hazardous Materials,121 (1-3) (2005) 247-

250. 

36. Al-Ghouti, M., M. A. M. Khraisheh, M. N. M. Ahmad, and S. Allen. "Thermodynamic behaviour and 
the effect of temperature on the removal of dyes from aqueous solution using modified diatomite: a 

kinetic study." Journal of Colloid and Interface Science, 287 (1) (2005) 6-13. 



Ravikumar Madugula et al /International Journal of ChemTech Research, 2019,12(5): 61-71. 71 

 

 
37. Namasivayam, C., and Dyes Kavitha. "Removal of Congo Red from water by adsorption onto activated 

carbon prepared from coir pith, an agricultural solid waste." Dyes and pigments, 54 (1) (2002) 47-58. 

38. Wang, Shaobin, Y. Boyjoo, A. Choueib, and Z. H. Zhu. "Removal of dyes from aqueous solution using 
fly ash and red mud." Water research, 39 (1) (2005) 129-138. 

39. Khattri, S. D., and M. K. Singh. "Colour removal from synthetic dye wastewater using a bioadsorbent." 

Water, Air, and Soil Pollution, 120 (3-4) (2000) 283-294. 

40. Gupta, G. S., G. Prasad, and V. N. Singh. "Removal of chrome dye from aqueous solutions by mixed 
adsorbents: fly ash and coal." Water Research, 21(1) (1990) 45-50. 

41. Bhatnagar, Amit, and A. K. Jain. "A comparative adsorption study with different industrial wastes as 

adsorbents for the removal of cationic dyes from water." Journal of Colloid and Interface Science, 281 
(1) (2005) 49-55. 

42. Mohan, Dinesh, Kunwar P. Singh, Gurdeep Singh, and Kundan Kumar. "Removal of dyes from 

wastewater using flyash, a low-cost adsorbent." Industrial & engineering chemistry research, 41(15) 
(2002) 3688-3695. 

43. Kuo, W. G. "Decolorizing dye wastewater with Fenton's reagent." Water Research, 26 (7) (1992) 881-

886. 

44. Ho, Yuh-Shan, and Gordon McKay. "Sorption of dye from aqueous solution by peat." Chemical 
engineering journal,70 (2) (1998) 115-124. 

45. Al-Ghouti, M. A., M. A. M. Khraisheh, S. J. Allen, and 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, 69 (3) (2003) 229-238. 

46. Khraisheh, M. A. M., M. A. Al-Ghouti, S. J. Allen, and M. N. Ahmad. "Effect of OH and silanol 

groups in the removal of dyes from aqueous solution using diatomite." Water Research, 39 (5) (2005) 
922-932. 

47. Namasivayam, C., R. Radhika, and S. Suba. "Uptake of dyes by a promising locally available 

agricultural solid waste: coir pith." Waste management, (4) (2001) 381-387. 

48. Ramakrishna, Konduru R., and T. Viraraghavan. "Dye removal using low cost adsorbents." Water 
Science and Technology, 36 (2-3) (1997)189-196. 

 

***** 


