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ABSTRACT
In this research miswak leaves, agriculture wastes, available in large quantity in Saudi Arabia, was used as 

low-cost adsorbent for removing methylene blue (MB) dye. Equilibrium behavior of miswak leaves was 

investigated by performing batch adsorption experiments. The effects of [MB] 0, pH, contact time and 

adsorbent dose were evaluated. An alkaline pH (10.6) was favorable to the adsorption of MB dye. 

Adsorption isotherm models, Langmuir, Freundlich and Temkin were used to simulate the equilibrium data. 

Langmuir equation was found to have the highest value of R2 compared with other models. Furthermore, it 

was found that miswak leaves have a high adsorptive capacity towards MB dye (200 mg/g) and show 
favorable adsorption of MB dye with separation factor (RL < 1). In addition, pseudo-first- order, pseudo-

second order and intra-particle diffusion were used to study the kinetics of MB adsorption onto miswak 

leaves. Adsorption process undergoes pseudo-second order kinetic as proved by the high value of R2 and 

the low value of sum of squared error (SSE percentage). Results indicated that intra-particle diffusion is not 

the limiting step, and the adsorption process is spontaneous as indicated by the negative value of the . 

KEYWORDS
Miswak Leaves, Salvadora Persica, Methylene Blue, Adsorption Isotherms, Adsorption Kinetics 

Cite this paper
T. Elmorsi, "Equilibrium Isotherms and Kinetic Studies of Removal of Methylene Blue Dye by Adsorption onto 

Miswak Leaves as a Natural Adsorbent," Journal of Environmental Protection, Vol. 2 No. 6, 2011, pp. 817-827. 

doi: 10.4236/jep.2011.26093.  

References

OPEN   ACCESS  

[1] Y. Bulut, N. Gozubenli and H. Ayd?n, “Equilibrium and Kinetics Studies for Adsorption of Direct Blue 

71 from Aqueous Solution by Wheat Shells,” Journal of Hazardous Materials, Vol. 144, No. 1-2, 

2007, pp. 300-306. doi:10.1016/j.jhazmat.2006.10.027 

[2] A. S. ALzaydien, “Adsorption of Methylene Blue from Aqueous Solution onto a Low-Cost Natural 

Jordanian Tripoli,” American Journal of Applied Sciences, Vol. 5, No. 1, 2009, pp. 197-208. 

[3] R. Gong, M. Li, C. Yang, Y. Sun and J. Chen, “Removal of Cationic Dyes from Aqueous Solution by 

Adsorption on Peanut Hull,” Journal of Hazardous Materials, Vol. 121, No. 1-3, 2005, pp. 247-250. 

doi:10.1016/j.jhazmat.2005.01.029 

[4] P. C. Vandevivere, R. Bianchi and W. Verstraete, “Treatment and Reuse of Wastewater from the 

Textile Wet-pro-Cessing Industry: Review of Emerging Technologies,” Journal of Chemical 

Technology & Biotechnology, Vol. 72, No. 4, 1998, pp. 289-302. 

[5] T. Santhi, S. Manonmani, T. Smitha1, D. Sugirtha1 and K. Mahalakshmi, “Uptake of Cationic Dyes 

from Aqueous Solution by Bioadsorption onto Granular Cucumis Sativa,” Journal of Applied Sciences 

in Environmental Sanitation, Vol. 4, No. 1, 2009, pp. 29-35. 

[6] G. Crini, “Kinetic and Equilibrium Studies on the Removal of Cationic Dyes from Aqueous Solution by 

Adsorption onto a Cyclodextrin Polymer,” Dyes and Pigments, Vol. 77, No. 2, 2008, pp. 415-426. 

● Open Special Issues

● Published Special Issues

● Special Issues Guideline

JEP Subscription

Most popular papers in JEP

About JEP News

Frequently Asked Questions

Recommend to Peers

Recommend to Library

Contact Us

Downloads: 301,958 

Visits: 674,815 

Sponsors, Associates, and 
Links >>

● The International Conference on 

Pollution and Treatment 

Technology (PTT 2013)



doi:10.1016/j.dyepig.2007.07.001 

[7] Z. Aksu, “Application of Biosorption for the Removal of Organic Pollutants: A Review,” Process 

Biochemistry, Vol. 40, No. 3-4, 2005, pp. 997-1026. doi:10.1016/j.procbio.2004.04.008 

[8] M. E. Mohammad and S. Muttucumaru, “Review of Pollutants Removed by Electrocoagulation and 

Electrocoagulation/Flotation Processes,” Journal of Environmental Management, Vol. 90, No. 5, 

2009, pp. 1663-1679. doi:10.1016/j.jenvman.2008.12.011 

[9] T. M. Elmorsi, Y. M. Riyad, Z. H. Mohamed and H. M. Abd El Bary, “Decolorization of Mordant Red73 

Azo Dye in Water Using H2O2/UV and Photo-Fenton Treatment,” Journal of Hazardous Materials, 

Vol. 174, No. 1-3, 2010, pp. 352-358. doi:10.1016/j.jhazmat.2009.09.057 

[10] T. Robinson, G. McMullan, R. Marchant and P. Nigam, “Remediation of Dyes in Textile Effluent: A 

Critical Review on Current Treatment Technologies with a Proposed Alternative,” Bioresource 

Technology, Vol. 77, No. 3, 2001, pp. 247-255. doi:10.1016/S0960-8524(00)00080-8 

[11] S. J. T. Pollard, G. D. Fowler, C. J. Sollars and R. Perry, “Low-Cost Adsorbents for Waste and Waste-

Water Treatment: A Review,” Science of the Total Environment, Vol. 116, No. 1-2, 1992, pp. 31-52. 

doi:10.1016/0048-9697(92)90363-W 

[12] V. K. Garg, M. Amita, R. Kumar and R. Gupta, “Basic Dye (Methylene Blue) Removal from Simulated 

Wastewater by Adsorption Using Indian Rosewood Sawdust: A Timber Industry Waste,” Dyes and 

Pigments, Vol. 63, No. 3, 2004, pp. 243-250. doi:10.1016/j.dyepig.2004.03.005 

[13] M. I. H. Farooqi and J. G. Srivastava, “The Toothbrush Tree (Salvadora Persica),” Quarterly Journal 

of Crude Drug, Vol. 8, No. 3, 1968, pp. 1297-1299. 

[14] E. Noumi , M. Snoussi, H. Hajlaoui, E. Valentin and A. Bakhrouf, “Antifungal Properties of Salvadora 

Persica and Juglans Regia L Extracts against Oral Candida Strains,” European Journal of Clinical 

Microbiology & Infectious Diseases, Vol. 29, No. 1, 2010, pp. 81-88. doi:10.1007/s10096-009-0824-3 

[15] G. Annadurai, S. R. Juang and J. D. Lee, “Use of Cellulose-Based Wastes for Adsorption of Dyes from 

Aqueous Solutions,” Journal of Hazardous Materials, Vol. 92, No. 3, 2002, pp. 263-274. 

doi:10.1016/S0304-3894(02)00017-1 

[16] M. S. El-Geundi, “Color Removal from Textile Effluents by Adsorption Techniques,” Water Research, 

Vol. 25, No. 3, 1991, pp. 271-273. doi:10.1016/0043-1354(91)90006-C 

[17] M. Y. Miah, K. Volchek, W. Kuang and F. H. Tezel, “Kinetic and Equilibrium Studies of Cesium 

Adsorption on Ceiling Tiles from Aqueous Solutions,” Journal of Hazardous Materials, Vol. 183, No. 1-

3, 2010, pp. 712-717. doi:10.1016/j.jhazmat.2010.07.084 

[18] G. Annadurai, M. Chellapandian and M. R. V. Krishnan, “Adsorption of Reactive Dye on Chitin,” 

Environmental Monitoring and Assessment, Vol. 59, No. 1, 1999, pp. 111-119. 

doi:10.1023/A:1006072119624 

[19] X. Zhao, K. Urano and S. Ogasawara, “Adsorption of Polyethylene Glycol from Aqueous Solution on 

Montmo- Rillonite Clays,” Colloid and Polymer Science, Vol. 267, No. 10, 1989, pp. 899-906. 

doi:10.1007/BF01410338 

[20] M. K. munir, Z. N yusuf, H. Abdul, Y. H. Fauzia and F. Rani, “Isotherm Studies for Determination of 

Removal Capacity of Bi-Metal (Ni And Cr) Ions by Aspergillus Niger,” Pakistan Journal of Botany, Vol. 

42, No. 1, 2008, pp. 593-604. 

[21] N. T. Abdel-Ghani, R. M. El-Nashar and G. A. El-Chag- haby, “Removal of Cr(iii) and Pb(ii) from 

Solution by Adsorption onto Casuarina Glauca Tree Leaves,” EJEAFChe, Vol. 7, No. 7, 2008, pp. 

3126-3133. 

[22] Y. S. Ho and G. McKay, “Pseudo-Second Order Model for Sorption Processes,” Process Biochemistry, 

Vol. 34, No. 5, 1999, pp. 735-742. doi:10.1016/S0032-9592(98)00112-5 

[23] B. H. Hameed, A. T. M. Din and A. L. Ahmad, “Adsorption of Methylene Blue onto Bamboo-Based 

Activated Carbon: Kinetics and Equilibrium Studies,” Journal of Hazardous Materials, Vol. 141, No. 3, 

2007, pp. 819- 825. doi:10.1016/j.jhazmat.2006.07.049 

[24] W. J. Weber Jr. and J. C. Morris, “Kinetic of Adsorption on Carbon from Solution,” Journal of the 

Sanitary Engineering Division, Vol. 89, No. 2, 1962, pp. 31-59. 

[25] Y. S. Ho, W. T. Chiu and C. C. Wang, “Regression Analysis for the Sorption Isotherms of Basic Dyes 



on Sugarcane Dust,” Bioresource Technology, Vol. 96, No. 11, 2005, pp. 1285-1291. 

doi:10.1016/j.biortech.2004.10.021 

[26] M. S. Aboul-Fetouh, T. M. Elmorsi, J. M. El-Kady and H. A. El-Adawi, “Water Hyacinth Stems a 

Potential Natural Adsorbent for the Adsorption of Acid Green 20 Dye,” Environmental Science: An 

Indian Journal, Vol. 5, No. 4, 2010, pp. 257-266. 

[27] S. Senthilkumaar, P. R. Varadarajan, K. Porkodi and C. V. Subbhuraam, “Adsorption of Methylene 

Blue onto Jute Fiber Carbon: Kinetics and Equilibrium Studies,” Journal of Colloid and Interface 

Science, Vol. 284, No. 1, 2005, pp. 78-82. doi:10.1016/j.jcis.2004.09.027 

[28] D. Kavak, “Removal of Boron from Aqueous Solutions by Batch Adsorption on Calcined Alunite Using 

Experimental Design,” Journal of Hazardous Materials, Vol. 163, No. 1, 2009, pp. 308- 314. 

doi:10.1016/j.jhazmat.2008.06.093 

[29] B. H. Hameed, “Grass Waste: A Novel Sorbent for the Removal of Basic Dye from Aqueous 

Solution,” Journal of Hazardous Materials, Vol. 166, No. 1, 2009, pp. 233 -238. 

doi:10.1016/j.jhazmat.2008.11.019 

[30] A. A. Jalil, S. Triwahyono, S. H. Adam, N. D. Rahim, M. A. Aziz, N. H. Hairom, N. A. Razali, M. A. Abidin 

and M. K. Mohamadiah, “Adsorption of Methyl Orange from Aqueous Solution onto Calcined Lapindo 

Volcanic Mud,” Journal of Hazardous Materials, Vol. 181, No. 1-3, 2010, pp. 755-762. 

doi:10.1016/j.jhazmat.2010.05.078 

[31] M. Dogan and M. Alkan, “Removal of Methyl Violet from Aqueous Solution by Perlite,” Journal of 

Colloid and Interface Science, Vol. 267, No. 1, 2003, pp. 32-41. doi:10.1016/S0021-9797(03)00579-4 

[32] V. C. Srivastava, I. D. Mall and I. M. Mishra, “Characterization of Mesoporous Rice Husk Ash (RHA) 

and Adsorption Kinetics of Metal Ions from Aqueous Solution onto RHA,” Journal of Hazardous 

Materials, Vol. 134, No. 1-3, 2006, pp. 257-267. doi:10.1016/j.jhazmat.2005.11.052 

[33] R. L. Uma, V. C. Srivastava, I. D. Mall and D. H. Lataye, “Rice Husk Ash as an Effective Adsorbent: 

Evaluation of Adsorptive Characteristics for Indigo Carmine Dye,” Journal of Environmental 

Management, Vol. 90, No. 2, 2009, pp. 710-720. doi:10.1016/j.jenvman.2008.01.002 

[34] W. T. Tsai, C. Y. Chang, M. C. Lin, S. F. Chien, H. F. Sun and M. F. Hsieh, “Adsorption of Acid Dye onto 

Activated Carbons Prepared from Agricultural Waste Bagasse by ZnCl2 Activation,” Chemosphere, 

Vol. 45, No. 1, 2001, pp. 51-58. doi:10.1016/S0045-6535(01)00016-9 

[35] P. K. Malik, “Dye Removal from wastewater Using Activated Carbon Developed from Sawdust: 

Adsorption Equilibrium and Kinetics,” Journal of Hazardous Materials, Vol. 113, No. 1-3, 2004, pp. 

81-88. doi:10.1016/j.jhazmat.2004.05.022 


