
 
 

 

SUGARCA�E BAGASSE PITH AS A LOW COST 

ADSORBE�T FOR THE REMOVAL OF METHYLE�E BLUE 

FROM WASTE WATER:   EXPERIME�TAL A�D 

MODELI�G STUDY 

 

 

 

 

 

Katuwanthuduwa Manage Chaminda Udayanga Senarathna 

 

(07/8206) 

 

 

Degree of Master of Science in Sustainable Process Development 

 

 

 

Department of Chemical and Process Engineering 

 

University of Moratuwa 

Sri Lanka 

 

 

November 2011 



 
 

SUGARCA�E BAGASSE PITH AS A LOW COST 

ADSORBE�T FOR THE REMOVAL OF METHYLE�E BLUE 

FROM WASTE WATER:   EXPERIME�TAL A�D 

MODELI�G STUDY 

 

 

 

 

 

 

Katuwanthuduwa Manage Chaminda Udayanga Senarathna  

 

(07/8206) 

 

 

Thesis submitted in partial fulfillment of the requirements for the degree  

Master of Science in Sustainable Process Development 

 

 

 

Department of Chemical and Process Engineering 

 

University of Moratuwa 

Sri Lanka 

 

November 2011 

  



i 
 

DECLARATIO�  

 
 

I declare that this is my own work and this thesis does not incorporate 

without acknowledgement any material previously submitted for a Degree or 

Diploma in any other University or institute of higher learning and to the best 

of my knowledge and belief it does not contain any material previously 

published or written by another person except where the acknowledgement is 

made in the text. 

  

Also, I hereby grant to University of Moratuwa the non-exclusive right to 

reproduce and distribute my thesis in whole or in part in print, electronic or 

other medium. I retain the right to use this content in whole or part in future 

works (such as articles or books). 

 

 

Signature:        Date:  

 

 

 

 

The above candidate has carried out research for the Master thesis under my 

supervision. 

 

 

 Signature of the supervisor:     Date 

 

 

 

 



ii 
 

ACK�OWLEDGEME�TS 

 
At first I offer deepest gratitude to my supervisor Prof. (Mrs) Padma Amarasinghe, 

Chemical and Process Engineering Department, in University of Moratuwa, for her 

invaluable guidance, advices, encouragements and insights throughout the research.  

 

It is with particular pleasure, that I express my affectionate gratitude to the Prof. 

Bernt Lee, Telemark University college, Norway, for willingly consulting me and 

unfailing assistance in mathematical modeling part in this report. 

 

I am no less grateful to Dr. P.G Ratnasiri senior lecture, Chemical Engineering 

department, university of Moratuwa, for encouragement, advice and support in whole 

postgraduate study. I particularly grateful to Dr. Shantha Amarasinghe, Head of the 

Department, Chemical and process engineering for his valuable support in the 

postgraduate program. 

  

I have taken efforts in this project. However it would not have been possible without 

the kind support and help of many individuals and organizations. I would like to 

extend my sincere thanks to all of them. I wish to thank NOMA (Norad’s Programme 

For Master Studies) for providing financial support for the study. Special thanks are 

given to Mr D.L.D Jayantha (General Manager) and all other executive staff at 

Pelwatte Sugar Distilleries PLC. Also P. Prematunga (Deputy General Manager), and 

boiler staff of Pelwatte Sugar Industries PLC, are kindly reminded. 

 

Including Mr Masakorala and Mrs Sajeewani in Environmental and Particulate 

laboratories, and all other staff of Energy, Environmental, Polymer and Chemistry 

laboratories are kindly remembered for their support.  

 

Finally I would remiss if I don’t offer my heartfelt thankful to all my colleagues, Mr 

Kasun Udana, Mr Madusanka Malliyawadu, Mr M.A.S. Kumara, Mr Chamila 

Wickramasinghe, Mr Sumudu Karunarathna ,and Ms Asanthi Jinasena. 



iii 
 

 

ABSTRACT 

 
Contamination of water streams due to discharge of dye containing wastewater is a 
worldwide problem. Adsorption is an effective and efficient method for removing dye stuff 
from waste water. However high cost of commercial adsorbents limit its use in wastewater 
treatment. 
 
In this study potential of untreated sugarcane bagasse pith as a low cost adsorbent for 
removal of Methylene Blue (MB); a basic dye, was investigated. Batch experiments were 
conducted to determine the factors affecting dye removal. Results revealed that the 
percentage of dye removal depends on adsorbent dosage, initial dye concentration of the 
solution, solution pH and contact time. Distinctly low MB removal was observed at low 
solution pH values (<4). At high pH values (4 to 10), high MB removal was obtained and 
variation of percentage removal with pH was not significant. Equilibrium data fits to 
Langmuir isotherm and highest dye uptake of 40mg/g was observed. Adsorption rate was 
very rapid initially and gradually decreased with time.   
 
Fixed bed column experiments were performed to study practical applicability and 
characteristic ‘S’ shape breakthrough curves were obtained. Increase in breakthrough time 
and bed capacity was observed when the bed height is increased. Fixed bed column data 
were fitted to Bed Depth Service Time (BDST) model and Yoon Nelson model for different 
bed heights. 
 
In this work, new mathematical model was developed based on film-pore diffusion in non 
equilibrium conditions to study the dynamics of the column for methylene blue adsorption. 
Model consists of a system of partial differential equations (PDEs), accounts for the effects 
of axial dispersion, film-pore diffusion, and external mass-transfer resistances. External mass 
transfer coefficient calculated using kinetic data obtained from batch experiments was found 
to be 0.7096 cm min-1 and this valve was used for model calculations.  Using the model, 
effect of bed height and initial concentration on breakthrough curves were predicted. Further, 
concentration distribution along the radial direction of bagasse particles at different locations 
of the bed was analyzed. This model was validated using experimental data obtained by 
fixed bed column experiments. 

 

Key Words :Methylene blue dye, Baggase, Adsorption, Film-pore diffusion,  
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