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ABSTRACT 

 

 

 

 

 Zinc chloride (ZnCl2) is a well-known pollutant which is toxic to the aquatic 

organisms.  A study of adsorption of rhodamine B was conducted to investigate the 

performance of metals chloride activated carbon prepared from castor bean residue.  

Rhodamine B was selected as the model dye due to its high stability with change in 

pH and hazardous properties.  Castor bean residue is suitable to be used as precursor 

to replace conventional activated carbon due to its low cost and high carbon content.  

The preparation of activated carbons was conducted through impregnation with 

ZnCl2, potassium chloride, magnesium chloride, ferric chloride and metals chloride 

composite at various impregnation ratios from 0.5 to 2.5.  Activated carbons were 

characterized based on proximate analysis, elemental analysis, textural 

characteristics and chemical properties.  The adsorption data were analysed using 

isotherm models, kinetics models and thermodynamics properties.  The regeneration 

of activated carbon was carried out by hot water and irradiated water at three 

regeneration cycles.  The specific surface area of activated carbons of ratio 1.0 are in 

descending order of potassium chloride (KCBR-1.0), ferric-zinc chloride (FZCBR), 

magnesium-zinc chloride (MZCBR), zinc chloride (ZCBR-1.0), ferric chloride 

(FCBR-1.0), potassium-zinc chloride (KZCBR), magnesium chloride (MCBR-1.0).  

ZCBR-1.0 demonstrated a greater rhodamine B adsorption of 175 mg/g compared to 

the other activated carbons counterparts.  Nevertheless, the composite activated 

carbons, MZCBR and FZCBR displayed adsorptive capacity of 114 and 115 mg/g, 

respectively, which indicates the mixtures of less hazardous metal chloride salts as 

the promising activating agents.  The adsorption capacity of rhodamine B by 

activated carbons of ratio 1.0 are in descending order of ZCBR-1.0, FZCBR, 

MZCBR, FCBR-1.0, MCBR-1.0, KCBR-1.0, KZCBR.  Adsorption mechanism of 

ZCBR-1.0 obeyed Langmuir isotherm and pseudo-second-order kinetics model. The 

rate-limiting step in the adsorption of rhodamine B is film diffusion.  The positive 

values of enthalpy change and entropy change indicate of that the adsorption process 

is endothermic and spontaneous at high temperature.  Hot water regeneration onto 

rhodamine B loaded activated carbon showed a better performance with 37.7 % 

regeneration efficiency and 34.4% recovery. 
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ABSTRAK 

 

 

 

 

 Zink klorida (ZnCl2) adalah pencemar toksik kepada organisma akuatik.  Satu 

kajian penjerapan rhodamine B telah dijalankan untuk mengkaji prestasi karbon 

teraktif daripada sisa kacang kastor dengan pengaktifan logam klorida.  Rhodamine B 

dipilih sebagai model pencelup kerana kestabilannya yang tinggi terhadap perubahan 

pH dan sifat-sifat berbahaya.  Sisa kacang kastor sesuai digunakan sebagai 

prapenanda untuk menggantikan karbon teraktif lazim kerana ia murah dan 

mempunyai kandungan karbon yang tinggi.  Penyediaan karbon teraktif dikendalikan 

melalui impregnasi dengan ZnCl2, kalium klorida, magnesium klorida, ferik klorida 

dan komposit logam klorida pada pelbagai nisbah impregnasi dari 0.5-2.5.  Karbon 

teraktif dicirikan berdasarkan analisis hampiran, analisis unsur, ciri-ciri tekstur dan 

sifat-sifat kimia.  Data penjerapan dianalisis dengan model isoterma, model kinetik 

dan sifat termodinamik.  Penjanaan semula karbon teraktif dengan air panas dan air 

teriradiasi dijalankan pada tiga kitaran penjanaan semula.  Luas permukaan tentu 

karbon teraktif dengan nisbah 1.0 adalah mengikut tertib menurun kalium klorida 

(KCBR-1.0), ferik-zink klorida (FZCBR), magnesium-zink klorida (MZCBR), zink 

klorida (ZCBR-1.0), ferik klorida (FCBR-1.0), kalium-zink klorida (KZCBR), 

magnesium klorida (MCBR-1.0).  ZCBR-1.0 memberikan prestasi penjerapan 

rhodamine B lebih tinggi dengan 175 mg/g berbanding dengan karbon teraktif yang 

lain.  Walaubagaimanapun, karbon teraktif komposit, MZCBR dan FZCBR masing-

masing memberikan kapasiti jerapan 114 and 115 mg/g yang menunjukkan 

pengaktifan campuran garam logam klorida kurang berbahaya sebagai agen 

pengaktifan yang berpotensi.  Kapasiti penjerapan rhodamine B oleh karbon teraktif 

dengan nisbah 1.0 adalah mengikut tertib menurun ZCBR-1.0, FZCBR, MZCBR, 

FCBR-1.0, MCBR-1.0, KCBR-1.0, KZCBR.  Mekanisma penjerapan ZCBR-1.0 

mematuhi model isoterma Langmuir dan model kinetik pseudo-tertib kedua.  

Langkah kadar-penghad dalam penjerapan rhodamine B ialah resapan filem.  Nilai-

nilai positif perubahan entalpi dan perubahan entropi menunjukkan bahawa proses 

penjerapan adalah endotermik dan spontan pada suhu tinggi.  Penjanaan semula 

karbon teraktif terjerap rhodamine B menggunakan air panas menunjukkan prestasi 

lebih baik dengan kecekapan penjanaan semula 37.7% dan perolehan 34.4%. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1  Research Background 

 

 

Industrialization is a main key to the economic development, but it is also the 

root cause of environmental issue.  In Malaysia, textile production is not just a 

fashion trend, but it is also known as the artistic legacy. However, due to the high 

customer demand, and improper industry effluent management, dye pollution has 

been a serious threat to the public health and the environment.  Therefore, dye 

wastewater treatment issues must be faced up. 

 

 

Dye is a visible pollutant.  It existence affects not only the quality of surface 

water, but also changes the aquatic ecosystems as well as reduces the light 

penetration.  Dyes can cause eye burns in humans and animals, methemoglobinemia, 

cyanosis, convulsions, tachycardia, dyspnoea, irritation to the skin, and if ingested, 

may lead to irritation to the gastrointestinal tract, nausea, vomiting and diarrhea 

(Senthikumaar et al., 2005). 

 

 

There are various treatment methodology have been investigated such as 

biodegradation, coagulation, oxidation, adsorption and so on.  Adsorption is the most 

economical attractive due to the flexibility and simplicity of design, ease of operation 
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and insensitivity to toxic pollutants (Robinson et al., 2001; Gupta and Suhas, 2009).  

This process creates a film of adsorbate on the surface of the adsorbent.  Besides, 

when compared with other physico-chemical treatment methods, adsorption is more 

inexpensive and does not produce sludge (Demirbas et al., 2008).  Activated carbon 

is widely used as adsorbent for dye adsorption due to its large porous surface area, 

controlled pore structure and inert properties (Walker and Weatherley, 1997). 

 

 

Activated carbon can be prepared from a variety of raw materials, especially 

agricultural by-products such as coconut shells, used tea leaves, orange peels and so 

on (Hu and Srinivasan, 1999; Arami et al., 2005; Tahir et al., 2009).  These products 

are regarded as waste and can caused serious disposal problem in some countries.  

Therefore, converting them into activated carbon is a feasible solution to the 

environmental problem.  In this study, castor bean residue was used as the precursor 

of activated carbon. 

 

 

Malaysia is situated in tropical zone with enough rain and sunlight that suit to 

castor plant.  Castor oil derivatives are similar to petroleum derivatives, thus it is a 

perfect alternative to petroleum.  Furthermore, there is a huge potential for castor oil 

to be used as biodiesel for vehicle.  By year 2015, the global demand for castor oil is 

estimated to be around 2 million tons.  Castor bean residue is the by-product of 

biodiesel production which remains after the extraction of the oil and comprises 

about 50% of the weight of castor bean (Robb et al., 1974), which is 1.1 tons per 

every 1 ton of castor oil production (Santos et al., 2014).  Moreover, castor bean 

residue has no viable application as it contains ricin, a protein that is toxic to cattle 

(Madeira et al., 2011).  Due to its abundant source, castor bean residue is seen as a 

suitable candidate to replace the conventional precursor of activated carbon. 

 

 

The preparation of activated carbon via chemical activation involves the use 

of activating agents such as K2CO3, ZnCl2 or KOH.  During pyrolysis of cellulose, an 

organic compound with six carbon ring structure known as levoglucosanis formed, 

and results in the formation of tar.  Some of the pores on carbon are filled or partially 
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blocked by tars and consequently its adsorption capacity becomes lower.  Activating 

agents are functioned as dehydrating agents to inhibit the formation of tar during the 

pyrolytic decomposition (Derbyshier et al., 1995).  Hence, higher yield and better 

development of porosity are always found in the case of chemical activation when 

compare to the physical activation.  Moreover, lower activation temperature and 

shorter time are required for chemical activation process (Lim et al., 2010).  Zinc 

chloride (ZnCl2) is a well-known activating agent in the synthesis of activated carbon 

for wastewater treatment. However, zinc cation is a well-known pollutant in aqueous 

solution.  It is toxic to the aquatic organism and may cause long-term adverse effects 

to the aquatic environment.  So, less hazardous metals chloride salts were 

investigated in this study to replace ZnCl2 as activating agent. 

 

 

 

 

1.2  Problem Statement 

 

 

ZnCl2 is a widely used activating agent in the preparation of activated 

carbons for research, but there are concerns about the aquatic toxicity of ZnCl2 in 

large-scale manufacturing process.  Because it is a powerful Lewis acid, zinc cation 

in aqueous solution gives corrosive effect to bacteria, plants, invertebrates and 

vertebrate fish.  Zinc toxicity may take months to resolve because there is no 

particular body store for zinc when it dissolves in HCl in stomach (Nriagu, 2007).  

Less toxic metals chloride such as KCl, MgCl2 and FeCl3 have similar characteristics 

to ZnCl2 in aqueous solution, which opens up the possibility of replacing ZnCl2 as 

activating agent in the preparation of activated carbon (Rufford et al., 2010). 
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1.3  Objective 

 

 

Three objectives in this research are stated below: 

 

 

i. To synthesize and characterize activated carbons from castor bean 

residue by different metals chloride salts activation. 

ii. To establish the adsorptive studies of rhodamine B by activated 

carbons at different initial concentrations, time intervals and 

temperatures. 

iii. To evaluate the regeneration of spent-activated carbon using hot water 

and irradiated water for three consecutive cycles. 

 

 

 

 

1.4  Scope of Study 

 

 

i) To synthesize and characterize activated carbons prepared from castor bean 

residue by different metals chloride salts activation.  

 

 

Impregnation was carried out using metals chloride salts as activating 

agents, which are ZnCl2, KCl, MgCl2, FeCl3 and composites of metal chloride 

salts at various impregnation ratios from 0.5 to 2.5.  Heating temperature and 

heating period were fixed at 550
o
C and 1.5 h, respectively.  Activated carbons 

were characterized based on specific surface area, morphology, surface 

functional group, Boehm titration and elemental analysis. 

 

 

ii) To establish the adsorptive studies of rhodamine B by activated carbons at 

different initial concentrations, time intervals and temperatures. 
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The studies were carried out for the best-performed activated carbons 

from each activation series.  Rhodamine B was used as adsorbate model.  

Four isotherm models which are Langmuir, Freundlich, Redlich-Peterson and 

Dubinin-Radushkevich were used to fit the adsorption data at different initial 

concentrations.  Rate of adsorption for three initial concentrations at different 

time intervals was evaluated using the pseudo-first order equation, pseudo-

second order equation, intraparticle diffusion model and Boyd model.  The 

thermodynamics properties, name by Gibbs energy, G
o
, enthalpy, H

o
 and 

entropy, S
o
 were investigated through the effect of temperature on dye 

adsorption from 20 to 55
o
C for the best-performed activated carbon. 

 

 

iii) Regeneration of spent-activated carbon using hot water and irradiated water.  

 

 

The regeneration study was performed using hot water and irradiated water 

for three consecutive adsorption-desorption cycles to determine the regeneration 

efficiency and recovery of activated carbon. 

 

 

 

 

1.5  Significance of Study  

 

 

 This study is carried out to give further understanding on the contribution of 

agricultural waste activated carbon to dye-containing wastewater treatment.  The 

issues related to castor bean waste management can be reduced if it is converted into 

activated carbon.  Less-toxic activating agents are investigated as an alternative to 

ZnCl2 in the preparation of activated carbon for dye removal.  This study also 

proposes an environmental friendly approach for regeneration method of spent 

activated carbon. 

 

 



120 

 

REFERENCES 

 

 

  

  

Abbas, A., Murtza, S., Munie, M., Zahir, T., Abbas, N. and Mushtaq, A. 

(2011).Removal of Congo Red from Aqueous Solutions with Raphanus 

Sativus Peel sand Activated Carbon: A Comparative Study. American-

Eurasian Journal of Agricultural and Environmental Science. 15(5), 802-809. 

Abbas, A., Murtaza, S. Shahid, K. Munir, M. Ayub, R. and Akber, S. (2012). 

Comparative Study of Adsorption Removal of Congo Red and Brilliant Green 

Dyes from Water Using Peanut Shell. Middle-East Journal of Scientific 

Research. 11(6), 828-832. 

Abou-Gamra, Z. M. and Medien, H. A. A. (2013). Kinetic, Thermodynamic and 

Equilibrium Studies of Rhodamine B Adsorption by Low Cost Biosorbent 

Sugar Cane Bagasse. European Chemical Bulletin. 2(7), 417-422. 

Abrahart, E. N. (1977). Dyes and Their Intermediates. New York: Chemical 

Publishing. 

ACA (American Coatings Association) (2001). Hazardous Materials Identification 

System, HMIS® Implementation Manual, Third Edition. Washington: ACA. 

Adinata, D., Daud, W. M. A. M. and Mohd Kheireddine, A. (2007). Preparation and 

Characterization of Activated Carbon from Palm Shell by Chemical 

Activation with K2CO3. Bioresource Technology. 98, 145-149. 

Ahmad, M. A., Puad, N. A. A. and Bello, O. S. (2014). Kinetic, Equilibrium and 

Thermodynamic Studies of Synthetic Dye Removal Using Pomegranate Peel 

Activated Carbon Prepared by Microwave-Induced KOH Activation. Water 

Resources and Industry. 6, 18-35. 

Alau, K. K., Gimba, C. E., Kagbu, J. A. and Nale, B. Y. (2010). Preparation of 

Activated Carbon from Neem Husk by Chemical Activation with H3PO4, 

KOH and ZnCl2. Archives of Applied Science Research. 2(5), 451-455. 



121 

 

Alfaro-Cuevas-Villanueva, R., Hidalgo-Vazquez, A. R., Penagos, C. J. C. and 

Cortes-Martinez, R. (2014). Thermodynamic, Kinetic, and Equilibrium 

Parameters for the Removal of Lead and Cadmium from Aqueous Solutions 

with Calcium Alginate Beads. The Scientific World Journal. 2014, 1-9. 

Aliabadi, M., Khazaei, I., Hajiabadi, M. and Fazel, S. (2012). Removal of 

Rhodamine B from Aqueous Solution by Almond Shell Biosorbent. Journal 

of Biodiversity and Environmental Sciences. 2(9), 39-44. 

Allen, S. J., Mckay, G. and Porter, J. F. (2004). Adsorption Isotherm Models for 

Basic Dye Adsorption by Peat in Single and Binary Component System. 

Journal of Colloid and Interface Science. 280, 322-333. 

Alslaibi, T. M., Abustan, I., Ahamd, M. A. and Foul, A. A. (2014). Kinetics and 

Equilibrium Adsorption of Iron (II), Lead (II), and Copper (II) onto Activated 

Carbon Prepared from Olive Stone Waste. Desalination and Water Treatment. 

52, 7887-7897. 

Alvarez, P. M., Beltran, F. J., Gomez-Serrano, V., Jaramillo, J., Rodriguez, E. M. 

(2004). Comparison between Thermal and Ozone Regenerations of Spent 

Activated Carbon Exhausted with Phenol. Water Research. 38, 2155-2165. 

Al-Rashed, S. M. and Al-Gaid, A. A. (2012). Kinetic and Thermodynamic Studies on 

the Adsorption Behaviour of Rhodamine B dye on Duoite C-20 Resin. 

Journal of Saudi Chemical Society. 16, 209-215. 

Amrita.olabs.edu.in. (2011). To Study the Relative Reactivity of Metals using Salt 

Solution [Lecturer note]. Amrita University & CDAC Mumbai, India. 

Ampex Chemicals.(2008). Lead (II) Chloride [Material Safety Data Sheet]. Nuevo 

León. 

Angin, D., Altintig, E. and Kose, T. E. (2013). Influence of Process Parameters on 

the Surface and Chemical Properties of Activated Carbon Obtained from 

Biochar by Chemical Activation. Bioresource Technology. 148, 542-549. 

Ania, C. O., Parra, J. B., Menendez, J. A. and Pis, J. J. (2007). Microwave-Assisted 

regeneration of Activated Carbons Load with Pharmaceuticals. Water 

Research. 41(15), 3299-3306. 

Arami, M., Nargess, Y. L., Mohammad, M. N. and Salman, T. N. (2005). Removal 

of Dyes from Colored Textile Wastewater by Orange Peel Absorbent: 

Equilibrium and Kinetic Studies. Journal Colloid and Interface Science. 

288(2), 371-376. 



122 

 

Arivoli, S., Thenkuzhali, M. and Martin Deva Prasath, P. (2009a). Adsorption of 

Rhodamine B by Acid Activated Carbon - Kinetic, Thermodynamic and 

Equilibrium Studies. Orbital. 1(2), 138-155. 

Arivoli, S., Ramuthai, S., Nandhakumar, V., Thiruchelvi, M. and Vikayakumaran, V. 

(2009b). Rhodamine B Adsorption - Kinetic, Mechanistic and 

Thermodynamic Studies. E-Journal of Chemistry. 6(S1), S363-S373. 

Artz, R. R. E., Chapman, S. J., Jean Robertson, A. H., Potts, J. M., Laggoun-Défarge, 

F., Gogo, S., Comont, L., Disnar, J. R. and. Francez, A. J. (2008). FTIR 

Spectroscopy can be used as a Screening Tool for Organic Matter Quality in 

Regenerating Cutover Peat Lands. Soil Biology & Biochemistry. 40, 515–527 

Asante-Duah, D. K. (1995). Management of Contaminated Site Problems. U.S.A.: 

CRC Press LLC. 

Avantor Performance Materials, Inc. (2011). Sodium Chloride [Material Safety Data 

Sheet]. New Jersey. 

Azizi, H. A., Yusoff, M. S., Adlan, M. N., Adnan, N. H., Alias, S. (2004). Physico-

Chemical Removal of Iron from Semi-Aerobic Landfill Leachate by 

Limestone Filter. Waste Management. 24, 353-358. 

Badgujar, N. P. (2014). Introduction of Dyes. Unpublished note, Shroff S. R. Rotary 

Institute of Chemical Tech. 

Banat, I. M., Nigam, P., Singh, D. and Marchant, R. (1996). Microbial 

Decolourization Study of Textile-dye-containing Effluent: A Review. 

Bioresource Technology. 58(3), 217-227. 

Bansal, R. C., Donnet, J. B. and Stoeckli, F. (1988). Active Carbon. N. Y.: Marcel 

Dekker, Inc. 

Beija, M., Afonso, C. A. M. and Martinho, J. M. G. (2009). Synthesis and 

Applications of Rhodamine Derivatives as Fluorescent Probes. Chemical 

Society Reviews. 38, 2410-2433. 

Belgacem, A., Belmedani, M., Rebial, R. and Hadoun, H. (2013). Characterization, 

Analysis and Comparison of Activated Carbons Issued from the Cryogenic an 

Ambient Grinding of Used Tyres. Chemical Engineering Transactions. 32, 

1705-1710. 

Bhatnagar, A. and Jain, A. K. (2005).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, 49-55. 



123 

 

Bhatnagar, A., Hogland, W., Marques, M. and Sillanpaa, M. (2013). An Overview of 

the Modification Methods of Activated Carbon for Its Water Treatment 

Applications. Chemical Engineering Journal. 219, 499-511. 

Birch, R. R., Biver, C., Campagna, R., Gledhill, W. E., Pagga, U., Steber, J., Reust, 

H. and Bontinck, W. J. (1989). Screening of Chemicals for 

AnaerobicBiodegradability. Chemosphere. 19(10-11), 1527-1550. 

Bradshaw, S. M., van Wyk, E. J. and de Swardt, J. B. (1998). Microwave Heating 

Principles and the Application to the Regeneration of Granular Activated 

Carbon. Journal of the Southern African Institute of Mining and Metallurgy. 

98(4), 201-210. 

Budavari, S. (1989). The Merck Index Encyclopedia of Chemicals, Drugs and 

Biologicals. Rahway, N. J.: Merck and Co., Inc. 

Butt, H. J., Graf, K. and Kappl, M. (2003). Physics and Chemistry of Interfaces. 

Weinheim: Wiley-VCH. 

Byrne, C. E. and Nagle, D. C. (1997). Carbonization of Wood for Advanced 

Materials Applications. Carbon. 35(2), 259-266. 

Cameron Carbon Inc. (2006). Activated Carbon Manufacture, Structure and 

Properties [Brochure]. USA: Cameron Carbon Inc. 

Carmen, Z. and Daniela, S. (2012). Textile Organic Dyes – Characteristics, Polluting 

Effects and Separation/Elimination Procedures from Industrial Effluents: A 

Critical Overview. In Puzyn, T. (Ed.) Organic Pollutants Ten Years After the 

Stockholm Convention – Environment and Analytical Update (pp. 55-86). 

Europe: In Tech. 

Ceyhan, A. A., Sahin, Ö.,Baytar, O. and Saka, C. (2013a). Surface and Porous 

Characterization of Activated Carbon Prepared from Pyrolysis of Biomass by 

Two-Stage Procedure at Low Activation Temperature and It’s the Adsorption 

 of Iodine. Journal of Analytical and Applied Pyrolysis. 104, 378-383. 

Ceyhan, A. A., Sahin, Ö., Saka, C. and Yalcin, A. (2013b). A Novel Thermal Process 

for Activated Carbon Production from the Vetch Biomass with Air at Low 

Temperature by Two-Stage Procedure. Journal of Analytical and Applied 

Pyrolysis. 104, 170-175. 

Chaudhary, D. R., Chikara, J. and Ghosh, A. (2014). Carbon and Nitrogen 

Mineralization Potential of Biofuel Crop (Jatropha curcas L.) Residue in Soil. 

Journal of Soil Science and Plant Nutrition. 14(1), 15-30. 



124 

 

Cheung, W. H., Szeto, Y. S. and McKay, G. (2007). Intraparticle Diffusion Processes 

during Acid Dye Adsorption onto Chitosan. Bioresource Technology. 98, 

2897-2904. 

Cong, Y. Q. and Wu, Z. C. (2007). Self-Regeneration of Activated Carbon Modified 

with Palladium Catalyst for Electrochemical Dechlorination. Chinese 

Chemical Letters. 18(8), 1013-1016. 

Ćurković, L., Čan-Mioč, A. R., Majić, M. and Župan J. (2011). Application of 

Different Isotherm Models on Lead Ions Sorption onto Electric Furnace Slag. 

The Holistic Approach to Environment 1. 1, 13-18. 

Dada, A. O., Olalekan, A. P., Olatunya, A. M. and Dada, O. (2012). Langmuir, 

Freundlich, Temkin and Dubinin-Radushkevich Isotherms Studies of 

Equilibrium Sorption of Zn2+onto Phosphoric Acid Modified Rice Husk. 

Journal of Applied Chemistry. 3(1), 38-45. 

Das, S. (2014). Characterization of Activated Carbon of Coconut Shell, Rice Husk 

and Karanja oil Cake. Degree of Bachelor. National Institute of Technology, 

Rourkela. 

Demirbas, E., Kobya, M. and Sulak, M. T. (2008). Adsorption Kinetics of a Basic 

Dye from Aqueous Solutions onto Apricot Stone Activated Carbon. 

Biroresource Technology. 99(13), 5368-5373 

Derbyshier, F., Jagtoyen, M. and Thwaites, M. (1995). Porosity in carbons. In 

Patrick, J. W. (Ed.) Porosity in Carbons: Characterization and Applications. 

(pp. 227). London: Edward Arnold.  

Dire, D. J. and Wilkinson, J. A. (1987). Acute Exposure to Rhodamine B. Journal of 

Toxicology. Clinical Toxicology. 25(7), 603-607. 

Dubinin, M. M. and Radushkevich, L. V. (1947). Equation of the Characteristic 

Curve of Activated Charcoal. Chemistry Central Journal. 1, 875. 

Dwivedi, A. P., Ganvir, V. N., Bhattacharyulu, Y. C. and Meshram, M. L. (2012). 

Preparation of Activated Carbon from Mahua Oil Seeds Cakes Using 

Phosphoric Acid as An Activating Agent. International Journal of Advanced 

Engineering Research and Studies. 2(1), 6-7. 

Elementary (2016). CHNS Analysis of Coal Samples with the Vario MICRO Cube 

[Product Guide]. Hanau, Germery. 

 

http://www.elementar.de/fileadmin/user_upload/Elementar_Website/Downloads/Application_Notes/vario_MICRO_cube/chns-analysis-coal-vario-micro-cube.pdf


125 

 

El-Wakil, A. M., Abou El-Maaty, W. M. and Awad, F. S. (2013). Adsorption of 

Methylene Blue and Rhodamine B from Aqueous Solutions Using Dry or 

Carbonized Water Hyacinth Plant. Journal of Applied Sciences Research. 

9(6), 3607-3619. 

Fernandes, K. V., Deus-de-Oliveira, N., Godoy, M. G., Guimaraes, Z. A. S., 

Nascimento, V. V., de Melo, E. J. T., Freire, D. M. G., Dansa-Petretski, M. 

and Mchado, O. L. T. (2012). Simultaneous Allergen Inactivation and 

Detoxification of Castor Bean Cake by Treatment with Calcium Compounds. 

Brazilian Journal of Medical and Biological Research. 45(11), 1002-1010. 

Fetzner, S. (2002): Biodegradation of Xenobiotics. In Doelle and Da Silva (Eds.): 

Biotechnology. In: Encyclopedia of Life Support Systems (EOLSS). Oxford, 

U.K.: Eolss Publishers. 

Fisher Scientific.(2000a). Lithium Chloride [Material Safety Data Sheet]. New Jersey. 

Fisher Scientific.(2000b). Zinc Chloride [Material Safety Data Sheet]. New Jersey. 

Fisher Scientific.(2000c). Magnesium Chloride Hexahydrate.[Material Safety Data 

Sheet]. New Jersey. 

Fisher Scientific.(2001). Potassium Chloride [Material Safety Data Sheet]. New 

Jersey. 

Fisher Scientific.(2009). Iron (III) Chloride Anhydrous [Material Safety Data Sheet]. 

New Jersey. 

Fisher Scientific.(2013). Calcium chloride hexahydrate [Material Safety Data Sheet]. 

New Jersey. 

Foo, K. Y. and Hameed, B. H. (2010). Insights into the Modeling of Adsorption 

Isotherm System. Chemical Engineering Journal. 156, 2-10. 

Foo, K. Y. and Hameed, B. H. (2012). Microwave-Assisted Regeneration of 

Activated Carbon. Bioresource Technology. 119, 234-240. 

Fu, K., Yue, Q., Gao, B., Sun, Y. and Zhu, L. (2013). Preparation, Characterization 

and Application of Lignin-Based Activated Carbon from Black Liquor Lignin 

by Steam Activation. Chemical Engineering Journal. 228, 1074-1082. 

Fu, K., Yue, Q., Gao, B., Sun, Y., Wang, Y., Li, Q., Zhao, P. and Chen, S. (2014). 

Physicochemical and Adsorptive Properties of Activated Carbons from 

Arundodonax Linn Utilizing Different Iron Salts as Activating Agents. 

Journal of the Taiwan Institute of Chemical Engineers. 45, 2007–3015. 



126 

 

Gamal, M. (2013). Adsorption. Available from: 

<http://myxc.weebly.com/25/post/2013/03/-adsorption.html>. [28 December 

2015]. 

Ganvir, V. N. and Dhanorkar, P. R. (2014). Novel Possibility for Utilization of 

Mahua Deoiled Cake to Prepare Low Cost Activated Carbon. International 

Journal of Chem Tech Research. 6(4), 2277-2282. 

Garg, U.K., Kaur, M.P., Garg, V.K. and Sud, D. S (2007). Removal of Hexavalent 

Chromium from Aqueous Solution by Agricultural Waste Biomass. Journal 

of Hazardous Materials. 140, 60–68, 

GuideChem. (2014). Iron(II) chloride [Material Safety Data Sheet]. Hang Zhou. 

Guo, J. and Lua, A. C. (2002). Characterization of Adsorbent Prepared from Oil-

Palm Shell by CO2 Activation for Removal of gaseous Pollutants. Material 

Letters. 55, 334-339. 

Guo, J., Luo, Y., Chi, R. A., Chen, Y. L., Bao, X. T. and Xiang, S. X. (2007). 

Adsorption of Hydrogen Sulphide (H2S) by Activated Carbons Derived from 

Oil-Palm Shell. Carbon. 45, 330-336. 

Gupta, V. K. and Suhas.(2009). Application of Low-Cost Adsorbents for Dye 

Removal – A Review. Journal of Environmental Management. 90, 2313-2342. 

Haddad, M. E., Mamouni, R., Saffaj, N. and Lazar, S. (2012). Adsorptive Removal 

of Basic Dye Rhodamine B from Aqueous Media onto Animal Bone Meal as 

New Low Cost Adsorbent. Global Journal of Human Social Science 

Geography and Environmental Geosciences. 12(10), 1-7. 

Hamad, B. K., Noor, A. M., Afida, A. R. and Mohd Asri, M. N. (2010). High 

Removal of 4-chloroguaiacol by High Surface Area of Oil Palm Shell-

Activated Carbon Activated with NaOH from aqueous solution. Desalination. 

257, 1-7. 

Hameed, B. H. and El-Khaiary, M. L. (2008). Equilibrium, Kinetics and Mechanism 

of Malachite Green Adsorption on Activated Carbon Prepared from Bamboo 

by K2CO3 Activation and Subsequent Gasification with CO2. Journal of 

Hazardous Materials. 157(2-3), 344-351. 

Han, R., Zhang, J., Han, P., Wang, Y., Zhao, Z. and Tang, M. (2009). Study of 

Equilibrium, Kinetic and Thermodynamic Parameters about Methylene Blue 

Adsorption onto Natural Zeolite. Chemical Engineering Journal. 145, 496-

504. 

http://myxc.weebly.com/25/post/2013/03/-adsorption.html


127 

 

Han, R., Zhang, S., Xing, D. and Jian, X. (2010). Desalination of Dye Utilizing 

Copoly(phthlazinone biphenyl ether sulfone) Ultrafiltration Membrane with 

Low Molecular Weight Cut-off. J. Membrane Sci. 358, 1-6. 

Hasan, M. (2011) Dye: Technologies for Colour Removal. Water. 3, 157-176. 

Hayashi, J., Horikawa, T., Takeda, L., Muroyama, K. and Ani, F. N. (2002). 

Preparing Activated Carbon from Various Nutshells by Chemical Activation 

with K2CO3. Carbon. 40, 2381-2386. 

Hayeeye, F., Sattar, M., Tekasakul, S. and Sirichote, O. (2014). Adsorption of 

Rhodamine B on Activated Carbon Obtained from Pericarp of Rubber Fruit 

in Comparison with the Commercial Activated Carbon. Songklanakarin 

Journal of Science & Technology. 36(2), 177-187. 

Hema, M. and Arivoli, S. (2007). Comparative Study on the Adsorption Kinetics 

andThermodynamics of Dyes onto Acid Activated Low Cost Carbon. 

InternationalJournal of Physics Sciences. 2(1), 10-17. 

Hema, M. and Arivoli, S. (2009). Rhodamine B Adsorption by Activated Carbon: 

Kinetic and Equilibrium Studies. Indian Journal of Chemical Technology. 16, 

38-45. 

Hitachi High-Technologies Corporation (2011). Ultra-High Resolution Scanning 

Electron Microscope SU8000 Series [Brochure]. Tokyo, Japan. 

Ho, Y.S. (1995). Adsorption of Heavy Metals from Waste Streams by Peat. Ph.D. 

Thesis. University of Birmingham, Birmingham. 

Ho, Y. S., Porter, J. F. and Mckay, G. (2002). Equilibrium Isotherm Studies for the 

Sorption of Divalent Metal Ions onto Peat: Copper, Nickel and Lead Single 

Component Systems. Water, Air and Soil Pollution. 141, 1-33. 

Hu, Z. H. and Srinivasan, M. P. (1999). Preparation of High Surface Area Activated 

Carbons from Coconut Shell. Microporous and Mesoporous Materials. 27(1), 

11-18. 

Hu, Z. and Vansant, E. F. (1995). A New Composite Adsorbent Produced by 

Chemical Activation of Elutrilithe with Zinc Chloride. Journal of Colloid and 

Interface Science. 176(2), 422-431. 

Huang, H. and Zhang G. (2015). Adsorption of Rhodamine B onto a Yellow-Brown 

Soil: Kinetics, Thermodynamics, and Role of Soil Organic Matter. 

Environment Progress & Sustainable Energy. 35(5), 1936-1403. 



128 

 

Hunger, K. (2003). Industrial Dyes: Chemistry, Properties, Applications. Germany: 

Wiley-VCH Verlag Gmbh & Co. KHaA. 

Hussaro, K. (2014). Preparation of Activation Carbon from Palm Oil Shell by 

Chemical Activation with Na2CO3 and ZnCl2 as Impregnated Agents for 

H2S Adsorption. American Journal of Environmental Sciences. 10(4), 336-

346. 

Ioannidou, O. and Zabaniotou, A. (2007). Agricultural Residues as Precursors 

forActivated Carbon Production – A Review. Renewable Sustainable Energy 

Reviews. 11(9), 470-475. 

Jabit, N. A. (2007). The Production and Characterization of Activated Carbon Using 

Local Agricultural Waste through Chemical Activation Process. Degree of 

Master. Universiti Sains Malaysia, Pulau Pinang. 

Jalajaa, P., Manjuladevi, M. and Saravanan, S. V. (2009). Removal of Acid Dye 

from Textile Waste Water by Adsorption Using Activated Carbon Prepared 

from Punica Granatum (pomegranate) rind. Pollution Research. 28, 287-290. 

Jeyaraj, B., Subbareddy, Y., Jayakumar, C., Nagaraja, K. S. and Valli, S. (2014). 

Equilibrium, Kinetic and Thermodynamic Study of Adsorption of Rhodamine 

B from Aqueous Solution by Activated Carbon from Peltophorum 

Pterocarpum Leaf. Wastewater and Biosolids Treatment and Reuse. 8-14 

June. Otranto, Italy. 

Ji, H., Wang, X., Gu, Z. and Polin, J. (2013). Carbon Materials from High Ash 

Biochar for Supercapacitor and Improvement of Capacitance with HNO3 

Surface Oxidation. Journal of Power Sources. 236, 285-292. 

Jin, X. J., Yu, Z. M. and Wu, Y. (2012). Preparation of Activated Carbon from 

Lignin Obtained by Straw Pulping by KOH and K2CO3 Chemical Activation. 

Cellulose Chemistry and Technology. 46(1-2), 79-85. 

Kareen, S. H. and Al-Hussien, E. A. (2012). Adsorption of Congo Red, Rhodamine 

B and Disperse Blue Dyes from Aqueous Solution onto Raw Flint Clay. 

Baghdad Science Journal. 9(4), 680-688. 

Karthiketan, S., Sivakumar, B. and Sivakumar, N. (2010). Film and Pore Diffusion 

Modeling for Adsorption of Reactive Red 2 from Aqueous Solution on to 

Activated Carbon Prepared from Bio-Diesel Industrial Waste. E-Journal of 

Chemistry. 7(S1), S175-S184. 



129 

 

Karthikeyan, S. and Sivakumar, P. (2012). The Effect of Activating Agents on the 

Activated Carbon Prepared from Feronia limonia (L.) Swingle (Wood Apple) 

Shell. J. Environ. Nanotechnology. 1(1), 5-12. 

Ketcha, J. M., Dina, D. J. D., Ngomo, H. M. and Ndi, N. J. (2012). Preparation and 

Characterization of Activated Carbons Obtained from Maize Cobs by Zinc 

Chloride Activation. American Chemical Science Journal. 2(4), 136-160. 

Khalfaoui, M., Knani, S., Hachicha, M. A. and Lamine, A. B. (2003). New 

Theoretical Expressions for the Five Adsorption Type Isotherms Classified 

by BET Based on Statistical Physics Treatment. Journal of Colloid and 

Interface Science. 263, 350-356. 

Khan, T. A., Sharma, S. and Ali, I. (2011). Adsorption of Rhodamine B Dye from 

Aqeuous Solution onto Acid Activated Mango (Magnifereindica) Leaf 

Powder: Equilibrium, Kinetic and Thermodynamic Studies. Journal of 

Toxicology and Environmental Health Sciences. 3(10), 286-297. 

Khan, T. A., Nazir, M. and Khan, E. A. (2013). Adsorptive Removal of Rhodamine 

B from Textile Wastewater Using Water Chesnut (Trapanatas L.) Peel: 

Adsorption Dynamics and Kinetic Studies. Toxicological & Environmental 

Chemistry. 95(6), 919-931. 

Kharub, M. (2012). Use of Various Technologies, Methods and Adsorbents for the 

Removal of Dye. Journal of Environmental Research and Development. 

6(3A), 879-883. 

Kim, B. T., Lee, H. K., Moon, H. and Lee, K. J. (1995). Adsorption of Radionuclides 

from Aqueous Solutions by Inorganic Adsorbents. Separation and 

Purification Technology. 30, 3165-3182. 

Kumar, V., Wati, L., Nigam, P., Banat, I. M., Yadav, B. S., Singh, D. and Marchant, 

R. (1998). Decolourization and Biodegradation of Anaerobically Digested 

Sugarcane Molasses Spent Wash Effluent from Biomethanation Plants by 

White-rot Fungi. Process Biochemistry. 33, 83-88. 

Kuo, C. Y., Wu, C. H. and Wu, J. Y. (2008). Adsorption of Direct Dyes from 

Aqueous Solutions by Carbon Nanotubes: Determination of Equilibrium, 

Kinetics and Thermodynamics Parameters. Journal of Colloid and Interface 

Science. 327, 308-315. 

 



130 

 

Kurniawan, A. and Ismadji, S. (2011). Potential Utilization of Jatropha curcas L. 

Press-Cake Residue as New Precursor for Activated Carbon Preparation: 

Application in Methylene Blue Removal from Aqueous Solution. Journal of 

the Taiwan Institute of Chemical Engineers. 42, 826-836. 

Lacerda, R. S., Makishi, L. A., Chambib, H. N. M., Monica, A., Bittante, Q. B., 

Gomide, C. A., Costa, P. A., Sobral, P. J. A. (2014). Castor Bean (Ricinus 

communis) Cake Protein Extraction by Alkaline Solubilization: Definition of 

Process Parameters. Chemical Engineering Transactions. 37, 775–780. 

Lai, B. and Sarma, P. M. (2011). Wealth from Waste: Trends and Technologies. (3rd 

ed.). India: TERI Press The Energy and Resources Institute. 

Lartley, R. B., Acquah, F. and Nketia, K. S. (1999). Developing National Capability 

for Manufacture of Activated Carbon from Agricultural Wastes. The Ghana 

Engineer. 

Li, X. Q., Hai, F. I. and Nghiem, L. D. (2011). Simultaneous Activated Carbon 

Adsorption within a Membrane Bioreactor for an Enhanced Micropollutant 

Removal. Bioresource Technology. 102(9), 5319-5325. 

Li, H., Huang, G., An, C., Hu, J. and Yang, S. (2013). Removal of Tannin from 

Aqueous Solution by Adsorption onto Treated Coal Fly Ash: Kinetic, 

Equilibrium, and Thermodynamic Studies. Industrial & Engineering 

Chemistry Research. 52, 15923–15931. 

Lim, W. C., Srinicasakannan, C. and Balasubramanian, N. (2010). Activation of 

Palm Shells by Phosphoric Acid Impregnation for High Yielding Activated 

Carbon. Journal of Analytical and Applied Pyrolysis. 88(2), 181-186. 

LookChem.(2008). Copper(II) chloride [Material Safety Data Sheet]. Hang Zhou. 

Loredo-Cancino, M., Soto-Regalado, E., Cerino-Córdova, F. J., García-Reyes, R. B. 

and García-León, A. M. (2013). Determining Optimal Conditions to Produce 

Activated Carbon from Barley Husks Using Single or Dual Optimization. 

Journal of Environmental Management. 125, 117-125. 

Loven, A. W. (1973). Perspectives on Carbon Regeneration. Chemical Engineering 

Progress. 60(11), 56. 

Lua, A. C., Yang, T. and Guo, J. (2004). Effects of Pyrolysis Conditions on the 

Properties of Activated Carbons Prepared from Pistachio-Nut Shells. Journal 

of Analytical and Applied Pyrolysis 72, 279-287. 

 

http://pubs.acs.org/journal/iecred
http://pubs.acs.org/journal/iecred


131 

 

Lv, J. X., Xie, G. H., Yue, Q. L., Zhang, L., Li, J. M. and Cui, Y. (2009). H2O2-

assisted Photolysis of Reaction BES Golden Yellow Simulated Wastewater. 

Water Science and Technology. 60, 2329-2336. 

Madeira Jr., J. V., Macedo, J. A. and Macedo, G. A. (2011) Detoxification of Castor 

Bean Residues and the Simultaneous Production of Tannase and Phytase by 

Solid-State Fermentation Using Paecilomycesvariotii. Bioresource 

Technology. 102, 7343-7348. 

Malaysia. (2000). Assessment of the health risks arising from the use of hazardous 

chemicals in the workplace: 2nd edition. P.U.(A)131/2000. 

Margaritis, A. (2007). Adsorption Processes. Unpublished note, Fall. 

Marsh, H. (1989). Introduction to Carbon Science. Butterworth: Co. Ltd. 

Martin, C., Moure, A., Martin, G., Carrillo, E., Dominguez, H. and Parajo, C. (2010). 

Fractional Characterisation of Jatropha, Neem, Moringa, Trisperma, Castor 

and Candlenut Seeds as Potential Feedstocks for Biodiesel Production in 

Cuba. Biomass and Bioenegry. 34(4), 533-538. 

Mise, S. R. and Jagannath, S. G. (2013). Adsorption Studies of Colour Removal by 

Activated Carbon Derived from Mangifera Indica (Mango) Seed Shell. 

International Journal of Research in Engineering and Technology. 325-328. 

Mohammadi, M., Hassani, A. J., Mohamed, A. R. and Najafpour, G. D. (2010). 

Removal of Rhodamine B from Aqueous Solution Using Palm Shell-Based 

Activated Carbon: Adsorption and Kinetic Studies. Journal of Chemical & 

Engineering Data. 55, 5777-5785. 

Mohammed, T. H., Lakhmiri, R., Azmani, A. and Hassan, I. I. (2014). Bio-Oil from 

Pyrolysis of Castor Shell. International Journal of Basic and Applied 

Sciences. 14(6), 1–5. 

Moreno-Virgen, M. R., Tovar-Gomez, R., Mendoza-Castillo, D. I. and Bonilla-

Petriciolet, R. (2012). Applications of Activated Carbon Obtained from 

Lignocellulosic Materials for the Wastewater Treatment. In Montoya, V. H. 

(Ed.) Lignocellulosic Precursors Used in the Synthesis of Activated Carbon – 

Characterization Techniques and Applications in the Wastewater Treatment 

(pp. 57-75). Europe: InTech. 

Mounteer, A. H., Leite, T. A., Lopes, A. C. and Medeiros, R. C. (2009). Removing 

Textile Mill Effluent Recalcitrant COD and Toxicity using the H2O2/UV 

System. Water Science and Technology. 60, 1895-1902. 



132 

 

Nakamoto, K. (1970). Infrared Spectra of Inorganic and Coordination Compounds, 

(second ed.). New York: John Wiley & Sons. 

Nazri, I., Ahmad, Z. A., Ahmad, M. A., Ahamd, N. and Sulaiman, S. K. (2011). 

Optimization of Process Variables for Malachite Green Dye Removal Using 

Rubber Seed Coat Based Activated Carbon. International Journal of 

Engineering & Technology. 11, 305-311. 

Nriagu, J. (2007). Zinc Toxicity in Humans. University of Michigan: Elsevier. 

Nunes, C. A. and Guerreiro, M. C. (2011). Estimation of Surface Area and Pore 

Volume of Activated Carbons by Methylene Blue and Iodine Numbers. 

Química Nova. 34(3), 472-476. 

Oh, W. C. and Ko, W. B. (2006). Physical Properties of K-Activated Carbon and Its 

Removal Efficiencies for Chemical Factors. Journal of Industrial and 

Engineering Chemistry. 12(3), 373-379. 

Okeola, O. F., Odebunmi, E. O. and Ameen, O .M. (2012). Comparison of Sorption 

Capacity and Surface Area of Activated Carbon Prepared from Jatropha 

Curcas Fruit Pericarp and Seed Coat. Bulletin of the Chemical Society of 

Ethiopia. 26(2), 171-180. 

Oladoja, N. A., Aboluwoye, C. O., Oladimeji, Y. B., Ashogbon, A. O. and 

Otemuyiwa, I. O. (2008). Studies on Castor Seed Shell as A Sorbent in Basic 

Dye Contaimined Wastewater Remediation. Desalination. 227, 190-203. 

Oliveira, L. C. A., Pereira, E., Guimaraes, I. R., Vallone, A., Pereira, M.,  Mesquita, 

J. P. and Sapaq, K. (2009). Preparation of Activated Carbons from Coffee 

Husks Utilizing FeCl3 and ZnCl2 as Activating Agents. Journal of Hazardous 

Materials. 165, 87-94. 

Ong, S. T., Keng, P. S., Lee, W. N., Ha, S. T. and Hung, Y. T. (2011). Dye Waste 

Treatment. Water. 3, 157-176. 

Ozdemir, I., Sahin, M., Orhan, R. and Erdem, M. (2014). Preparation and 

Characterization of Activated Carbon from Grape Stalk by Zinc Chloride 

Activation. Fuel Process. Technol. 125, 200–206. 

Ozer, A., Turabik, M. and Akkaya, G. (2009). Biosorption of Acid Dyes by Brown 

Algae Dictyota Dichotoma: Equilibrium, Kinetic and Thermodynamic 

Studies. Fresenius Environmental Bulletin. 18, 1798-1808. 

 



133 

 

Pakshirajan, L. and Singh, S. (2010). Decolorization of Synthetic Wastewater 

Containing Azo Dyes in a Batch-operated Rotating Biological Contactor 

Reactor with the Immobilized Fungus PhanerochaeteChrysosporium. 

Industrial & Engineering Chemistry Research. 49, 7484-7487. 

Pandey, A., Singh, P. and Lyengar, L. (2007). Bacterial Decolorization and 

Degradation of Azo Dyes. International Biodeterioration& Biodegradation. 

59, 73-84. 

Panneerselvam, P., Morad, N., Tan, K. A. and Mathiyarasi, R. (2012). Removal of 

Rhodamine B Dye Using Activated Carbon Prepared from Palm Kernel Shell 

and Coated with Iron Oxide Nanoparticles. Separation Science and 

Technology. 47(5), 742-752. 

Pavia, D. L., Lampman, G. M., Kriz, G. S. and Vyvyan, J. R. (2013). Introduction to 

Spectroscopy (5th
 ed.). Stamford, U. S. A.: Cengage Learning. 

Pereira, L. and Alves, M. (2012). Dyes – Environment Impact and Remediation. In 

Malik, A. an Grohmann, E. (eds.). Environmental Protection Strategies for 

Sustainable Development Strategies for Sustainability. (pp. 111-162). New 

York: Springer Science + Business Media. 

PerkinElmer, Inc. (2010). A Beginner’s Guide to Thermogravimetric Analysis (TGA) 

[Product Guide]. Waltham, USA. 

Pohanish, R. P. (2012). Sittig’s Handbook of Toxic and Hazardous Chemical and 

Carcinogens. (6th ed.) Waltham, USA: Elsevier Inc. 

Prabakaran, R. and Arivoli, S. (2012). Equilibrium Isotherm, Kinetic and 

thermodynamic Studies of Rhodamine B Adsorption using Thespedia 

populnea Bark. Journal of Chemical and Pharmaceutical Research. 4(10), 

4550-4557. 

Pradhan, S. (2011). Production and Characterization of Activated Carbon Produced 

from A Suitable Industrial Sludge. Degree of Bachelor. National Institute of 

Technology, Rourkela. 

PubChem.(2005). Rhodamine B. [Material Safety Data Sheet]. U. S. 

Purkait, M. K., Maiti, A., DasGupta, S. and De, S. (2007). Removal of Congo Red 

Using Activated Carbon and Its Regeneration. Journal of Hazardous 

Materials. 145(1-2), 287-295. 

Qi, Y., Hoadley, A. F. A., Chaffee, A. L. and Garnier, G. (2011). Characterization of 

Lignite as an Industrial Adsorbent. Fuel. 90(4), 1567-1574. 



134 

 

Radovic, L. (2001). Chemistry and Physics of Carbon: Volume 27. New York: 

Marcel Dekker.  

Railsback, L. B. (2006). Some Fundamentals of Mineralogy and Geochemistry. 

Georgia: University of Georgia. 

Rajappa, A., Ramesh, K., Nandhakumar, V., Pugazhenthi, M. and  Sivajiganesan, S. 

(2014). Thermodynamics and Instrumental Analysis of Bismarck Brown R 

Dye onto Activated Carbon Prepared from DelonixRegia Pods (FlameTree). 

Asian Journal of Chemical and Pharmaceutical Research. 2(2), 145-151. 

Rajeshwar, S. M., Amar, Y. P., Bhadra, P. P. and Ram, P. R. (2012). Preparation and 

Characterization of Activated Carbon from Lapsi (Choerospondias axillaris) 

Seed Store by Chemical Activation with Phosphoric Acid. Research Journal f 

Chemical Sciences. 2(10), 80-86. 

Razdi, W. A. W. (2012). Characterization and Modification of Castor Oil Extracted 

from the Newly Malaysian Produced Castor Beans. Degree of Bachelor, 

University Malaysia Pahang, Pahang. 

Redlich, O. and Peterson, D. L. (1959). A Useful Adsorption Isotherm. Journal of 

Physical Chemistry. 63, 1024-1026. 

Ren, X., Wang, T., Zhou, C., Du, S., Luan, Z., Wang, J. and Hou, D. (2010). 

Treatment of Dye Aqueous Solution Using a Novel Aromatic Polyamide 

Asymmetric Nanofiltration Membrane. Fresenius Environmental Bulletin. 19, 

1441-1446. 

Riccardo, A., Carletto, Chimirri, F., Bosco, F. and Ferrero, F. (2008). Adsorption of 

Congo Red Dye on Hazenut Shells and Degradation with 

PhanerochaeteChysosprium. BioResources. 3(4), 1146-1155. 

Robb, J.G., Laben, R. C., Walker, H. G. and Herrng, V. (1974). Castor Meal in Dairy 

Rations. Journal of Dairy Science. 57, 443-450. 

Robinson, T., McMullan, G., Marchant, R. and Nigam, P. (2001). Remediation of 

Dyes in Textiles Effluent: A Critical Review on Current Treatment 

Technologies with a Proposed Alternative. Bioresource Technology. 77, 247-

255. 

Rochart, J., Demenge, P. and Rerat, J. C. (1978). Toxicological Study of a 

Fluorescent Tracer: Rhodamine B. Toxicological European Research. 1, 23-

26. 



135 

 

Rodriguez-Reinoso, F. (2002). Production and Application of Activated Carbons. In 

Schuth, F., Sing, K. S. W. and Weitkamp, J. (Ed.) Handbook of Porous Solids. 

(pp. 1766-1827). Weinheim, Germany: Wiley-VCH Verlag GmbH. 

Rosa, S., Laranjeira, M. C. M., Riela, H. G. and Favere, V. T. (2008). Cross-Linked 

Quaternary Chitosan as an Adsorbent Removal of the Reactive Dye from 

Aqueous Solutions. Journal of Hazardous Materials. 155, 253-260. 

Rufford, T. E., Hulicova-Jurcakova, D., Zhu, Z. and Lu, G. Q. (2010). A 

Comparative Study of Chemical Treatment by FeCl3, MgCl2 and ZnCl2 on 

Microstructure, Surface Chemistry, and Double-Layer Capacitance of 

Carbons from Waste Biomass. Journal of Materials Research. 25(8), 1451-

1459. 

Ryu, Y. K., Kim, K. L. and Lee, C. H. (2000). Adsorption and Desorption of n-

Hexane, Methyl Ethly Ketone, and Toluene on an Activated Carbon Fiber 

from Supercritical Carbon Dioxide. Industrial & Engineering Chemistry 

Research. 39(7), 2510-2518. 

Sahira, J., Mandira, A., Prasad, P. B. and Ram, P. R. (2013). Effects of Activating 

Agents on the Activated Carbons Prepared from Lapsi Seed Stone. Research 

Journal of Chemical Sciences. 3(5), 19-24. 

Saka, C. (2012). BET, TG–DTG, FT-IR, SEM, Iodine Number Analysis and 

 Preparation of Activated Carbon from Acorn Shell by Chemical Activation 

 with ZnCl2. Journal of Analytical and Applied Pyrolysis. 95, 21-24. 

Salahudeen, N., Ajinomoh, C. S., Omaga, S. O. andAkpaka, C. S. (2014). Production 

of Activated Carbon from Cassava Peel. Journal of Applied Hytotechnology 

in Environmental Sanitation. 3(2), 75-80. 

Salema, A. A. and Ani, F. N.(2011). Microwave Induced Pyrolysis of Oil Palm 

Biomass. Bioresource Technology. 102, 3388–3395. 

Salleh, M. A. M., Mahmoud, D. K., Karim, W. A. W. A., and Idris, A. (2011). 

Cationic and Anionic Dye Adsorption by Agricul-tural Solid Wastes: a 

Comprehensive Review. Desalination. 280(1–3), 1–13. 

Santos, N. A. V., Magriotis, Z. M., Saczk, A. A., Fassio, G. T. A. and Vieira, S. S. 

(2014). Kinetic Study of Pyrolysis of Castor Beans (Ricinus communis L.) 

Presscake: An Alternative Use for Solid Waste Arising from the Biodiesel 

Production. Energy & Fuels. 



136 

 

Schimmel, D., Fadnani, K. C., Oliveira dos Santos, J. B., Barros, M. A. S. D. and 

Antonio da Silva, E. (2010). Adsorption of Turquoise Blue QG Reactive Dye 

on Commercial Activated Carbon in Batch Reactor: Kinetic and Equilibrium 

Studies. Brazilian Journal of Chemical Engineering. 27(2), 289-298. 

Scholz M. and Martin R. J. (1998), Control of Bio-regenerated Granular Activated 

Carbon by Spreadsheet Modelling. Journal of Chemical Technology and 

Biotechnology. 71(3), 253-261. 

Sciencelab.com, Inc.(2013a). Calcium chloride, Anhydrous [Material Safety Data 

Sheet]. Texas. 

Sciencelab.com, Inc. (2013b). Lead chloride [Material Safety Data Sheet]. Texas. 

Sciencelab.com, Inc. (2013c). Potassium chloride [Material Safety Data Sheet]. 

Texas. 

Sciencelab.com, Inc. (2013d). Lithium chloride [Material Safety Data Sheet]. Texas. 

Sciencelab.com, Inc. (2013e).Cuprous chloride [Material Safety Data Sheet]. Texas. 

Sciencelab.com, Inc. (2013f).Zinc chloride [Material Safety Data Sheet]. Texas. 

Sciencelab.com, Inc. (2013g). Ferrous chloride [Material Safety Data Sheet]. Texas. 

Sciencelab.com, Inc. (2013h). Ferric chloride [Material Safety Data Sheet]. Texas. 

Sciencelab.com, Inc. (2013i).Magnesium chloride hexahydrate [Material Safety Data 

Sheet]. Texas. 

Sciencelab.com, Inc. (2013j).Sodium chloride [Material Safety Data Sheet]. Texas. 

Senthilkumaar, S., Varadarajan, P. R., Porkodi, K.And Subbhuraam, C. V. (2005). 

Adsorption of Methylene Blue onto Jute Fiber Carbon: Kinetics and 

Equilibrium Studies. Journal of Colloid Interface Science. 284(1), 78-82. 

Setiawan, D., Kazaryan, A., Martoprawiro, M. A. and Filatov, M. (2010). A First 

Principles Study of Fluorescence Quenching in Rhodamine B Dimers: How 

Can Quenching Occur in Dimeric Species? Physical Chemistry Chemical 

Physics. 12, 11238-11244.  

Severino, L. S. (2005). What We Know about Castor Bean Cake (In Portuguese). 

Campina Grande, Brazil: Brazilian Company of Research and Agricultural. 

Shahbeig, H., Bagheri, N., Ghorbanian, S. A., Hallajisani, A. and Poorkarimi, S. 

(2013). A New Adsorption Isotherm Model of Aqueous Solutions on 

Granular Activated Carbon. World Journal of Modeling and Simulation. 9(4), 

243-254. 



137 

 

Shahmohammadi-Kalalagh, S., Babazadeh, H., Nazemi, A. H. and Manshouri, M. 

(2011). Isotherm and Kinetic Studies on Adsorption of Pb, Zn and Cu by 

Kaolinite. Caspian Journal of Environmental Sciences. 9(2), 243-255. 

Shahzad, M. A. (2014). Catalytic Decolourization of Aqueous Solutions of Methyl 

Orange and Rhodamine B Dyes. Master of Philosophy, Government College 

University, Faisalabad. 

Shannon, R. D. (1976). Revised Effective Ionic Radii and Systematic Studies of 

Interatomie Distances in Halides and Chaleogenides. Acta Crystallographica. 

A32(5), 751-767. 

Sharman, P., Kour, H. and Sharma, M. (2011). A Review on Applicability of 

Naturally Available Adsorbents for the Removal of Hazardous Dyes from 

Aqueous Waste. Environmental Monitoring and Assessment. 183, 151-195. 

Shimadzu Corporation (2013). Fourier Transform Infrared Spectrophotometer 

IRTracer-1000 [Product Guide]. Japan. 

Siew-Teng, O., Lee, W., Keng, P., Lee, S., Hung, Y. and Ha, S. (2010). Equilibrium 

Studies and Kinetics Mechanism for the Removal of Basic and Reactive Dyes 

in Both Single and Binary Systems Using EDTA Modified Rice Husk. 

International Journal of Physical Sciences. 5(5), 582-595. 

Silverstein, R.M., Webster, F. X. and Kiemle, D.J. (2005). Spectrometric 

Identification of Organic Compounds (seventh ed.). New York: John Wiley & 

Sons. 

Sivakumar, V., Asaithambi, M. and Sivakumar, P. (2012). Physico-Chemical and 

Adsorption Studies of Activated Carbon from Agricultural Wastes. Advances 

in Applied Science Research. 3(1), 219-226. 

Srivastava, P. and Hasan, S. H. (2011). Biomass of Mucos Heimalis for the 

Biosortption of Cadmium from Aqueous Solutions: Equilibrium and Kinetic 

Studies. Bioresources. 6(4), 3656-3675. 

Subha, R. and Namasivayam, C. (2008). Modeling of Adsorption Isotherms and 

Kinetics of 2,4,6-Trichlorophenol onto Microporous ZnCl2 Activated Coir 

Pith Carbon. Environmental Engineering and Management Journal. 18(4), 

275-280. 

Subha, R. and Namasivayam, C. (2010). ZnCl2-Modified Activated Carbon from 

Biomass Coir Pith for the Removal of 2-Chlorophenol by Adsorption Process. 

Bioremediation Journal. 14(1), 1-9. 



138 

 

Sugumaran, P., Susan, V. P., Ravichandran, P. and Seshadri, S. (2012). Production 

and Characterization of Activated Carbon from Banana Empty Fruit Bunch 

and Delonix regia Fruit Pod. Journal of Sustainable Energy & Environment. 

3, 125-132. 

Sulaymon, A. H. and Abood, W. M. (2008). Estimation of Efficiency of Regenerated 

Granular Activated Carbon by Different Methods. Journal of Engineering. 

14(2), 2677-2683. 

Sumanjit, Walia, T. P. S. and Kansal, I. (2008). Removal of Rhodamine-B by 

Adsorption on Walnut Shell Charcoal. Journal of Surface Science and 

Technology. 24(3-4), 179-193. 

Sumathi, S., Bhatia, S., Lee, K. T. and Mohamed, A. R. (2010). Cerium Impregnated 

Palm Shell Activated Carbon (Ce/PSAC) Sorbent for Simultaneous removal 

of SO2 and NO – Process Study. Chemical Engineering Journal. 162, 51-57. 

Sun, J. H., Dong, S. Y., Wang, Y. K. and Sun, S. P. (2009a). Preparation and 

Photocatalytic Property of a Novel Dumbbell Shape ZnO Microcystal 

Photocatalyst. Journal of Hazardous Materials. 172, 1520-1526. 

Sun, K., Jiang, J. C. and Xu, J. M. (2009b). Chemical Regeneration of Exhausted 

Granular Activated Carbon Used in Citric Acid Fermentation Solution 

Decolouration. Iranian Journal of Chemistry and Chemical Engineering. 

28(4), 79-84. 

Sun, K., Jiang, J. C. and Xu, J. M. (2009c). Decolorization and Chemical 

Regeneration of Granular Activated Carbon Used in Citric Acid Refining. 

Bulletin of the Chemical Society of Ethiopia. 23(1), 29-36. 

Sun, Y. and Webley, P. A. (2010). Preparation of Activated Carbon from Corncob 

with Large Specific Surface Area by a Variety of Chemical Activators and 

Their Application in Gas Storage. Chemical Engineering Journal. 162, 883-

892. 

Sun, Y., Yue, Q., Mao, Y., Gao, B., Gao, Y. and Huang, L. (2014). Enhanced 

Adsorption of Chromium onto Activated Carbon by Microwave-Assisted 

H3PO4 Mixed with Fe/Al/Mn Activation. Journal of Hazardous Materials. 

265, 191–200. 

Sunanda, Tiwari, D. P., Sharma, D. N. and Kumar, R. T. S. (2013). Sapindus Based 

Activated Carbon by Chemical Activation. Research Journal of Material 

Sciences. 1(7), 9-15. 



139 

 

Surfanarski, M. D. (1999). The Regeneration of Granular Activated Carbon Using 

Hydrothermal Technology. Master of Science in Engineering.The University 

of Texas, Austin. 

Suteu, S. and Malutan, T. (2013) Industrial Cellolignin Wastes as Adsorbent for 

Removal of Methylene Blue Dye from Aqueous Solutions. Bioresources. 8(1), 

427-446. 

Tahir, H., Sultan, M. and Jahanzeb, Q. (2009). Remediation of Azo Dyes by Using 

Household Used Black Tea as an Absorbent. African Journal of 

Biotechnology. 8(15), 3584-3589. 

Tan, J. A. W., Ahmad, A. L. and Hameed, B. H. (2008). Enhancement of Basic Dye 

Adsorption Uptake from Aqueous Solutions Using Chemically Modified Oil 

Palm Shell Activated Carbon. Colloid Surface A. 318(1–3), 88–96. 

Tan, I. A. W. and  Hameed, B. H. (2010). Adsorption Isotherms, Kinetics, 

Thermodynamics and Desorption of Activated Carbon Derived from Oil 

Palm Empty Fruit Bunch. Journal of Applied Sciences. 10, 2565-2571. 

Tawalbeh, M., Allawzi, M. A. and Kandah, M. I. (2005). Production of Activated 

Carbon from Jojoba Seed Residue by Chemical Activation Using a Static Bed 

Reactor. Journal of Applied Sciences. 5(3), 482-487. 

Tay, T., Ucar, S. and Karagoz, S. (2009). Preparation and Characterization of 

Activated Carbon from Waste Biomass. Journal of Hazardous Materials. 

165(1-3), 481-485. 

Tay, T., Erdem, M., Ceylan, B. and Karagoz, S. (2012). Adsorption of Methylene 

Blue from Aqueous Solution on Activated Carbon Produced from Soybean 

Oil Cake by KOH Activation. BioResources. 7(3), 3175-3187. 

Tharanathan, R. N. (2003). Biodegradable Films and Composite Coatings: Past, 

Present and Future. Trends in Food Science and Technology. 14, 71-78. 

Thermo Fisher Scientific, Inc. (2009). Thermo Scientific Surfer Gas Adsorption 

Porosimeter [Product Specifications]. Milan, Italy. 

Theydan, S. K. and Ahmed, M. J. (2012). Adsorption of Methylene blue onto 

Biomass-Based Activated Carbon by FeCl3 Activation: Equilibrium, Kinetics, 

and Thermodynamic Studies. Journal of Analytical and Applied Pyrolysis. 97, 

116-122. 



140 

 

Valix, M., Cheung, W. H. and McKay, G. (2006). Roles of the Textural and Surface 

Chemical Properties of Activated Carbon in the Adsorption of Acid Blue Dye. 

Langmuir. 22, 4574-4582. 

Venkatraman, B. R., Gayathri, U., Elavarasi, S. and Arivoli. S. (2012). Removal of 

Rhodamine B Dye from Aqueous Solution Using the Acid Activated 

Cynodon dactylon Carbon. Der ChemicaSinica Journal. 3(1), 99-113. 

Vijayakumar, G., Yoo, C. K., Elango, K. G. P. and Dharmendirakumar, M. (2010). 

Adsorption Characteristics of Rhodamine B from Aqueous Solution onto 

Baryte. Clean – Soil, Air, Water. 38(2), 202-209. 

Vijayakumar, G., Tamilaradan, R. and Dharmendirakumar, M. (2012). Adsorption, 

Kinetic, Equilibrium and Thermodynamic Studies on the Removal of Basic 

Dye Rhodamine-B from Aqueous Solution by the Use of Natural Adsorbent 

Pertile. Journal of Materials and Environmental Science. 3(1), 157-170. 

Viswanathan, B., Indra Neel, P. and Varadarajan, T. K. (2009). Methods of 

Activation and Specific Applications of Carbon Materials. Chennai, India: 

National Centre for Catalysis Research.  

Walker, G. M. and Weatherley, L. R. (1997). A Simplified Productive Model for 

Biologically Activated Carbon Fixed Beds. Process Biochemistry. 76(13), 

183–191. 

Wang, S., Boyjoo, Y., Choueib, A. and Zhu, Z. H. (2005). Removal of Dyes from 

Aqueous Solution Using Fly Ash and Red Mud. Water Research. 39(1), 29-

35. 

Wang, L., Zhang, J., Zhao, R., Li, C., Li, Y. and Zhang, C. (2010). Adsorption of 

Basic Dyes on Activated Carbon Prepared from Polygonumorientale Linn: 

Equilibrium, Kinetic and Thermodynamic Studies. Desalination. 254 (1-3), 

68-74. 

Wang, X., Li, D., Li, W., Peng, J., Xia, H., Zhang, L., Guo, S. and Chen, G. (2013). 

Optimization of Mesoporous Activated Carbon from Coconut Shells by 

Chemical Activation with Phosporic Acid. Bioresources. 9(4), 6184-6195. 

Webb, P. A. (2003). Introduction to Chemical Adsorption Analytical Techniques and 

Their Application to Catalysis. Unpublished Articles. Micromeritics 

Technical Publications. 

 



141 

 

Yahaya, N. K. E. M., Latiff, M. F. P. M., Abustan, I. and Ahmad, M. A. (2010). 

Effect of Preparation Conditions of Activated Carbon Prepared from Rice 

Husk by ZnCl2 Activation for Removal of Cu (II) from Aqueous Solution. 

International Journal of Engineering & Technology. 10(6), 28-32. 

Yang, R. T. (2003). Adsorbents: Fundamentals and Applications. Hoboken, New 

Jersey: John Wiley & Sons, Inc. 

Yang, K.B., Peng, J.H., Srinivasakannan, C., Zhang, L.B., Xia, H. Y. And Duan, X. 

H. (2010). Preparation of High Surface Area Activated Carbon from Coconut 

Shells Using Microwave Heating. Bioresource Technology. 101, 6163–6169. 

Yang, J. L., Fang, F. and Zhou, J. B. (2013). Effect of Microstructure and Surface 

Chemistry in Liquid-Phase Adsorptive Nicotine by Almond-Shell-Based 

Activated Carbon. Environmental Science & Technology. 58, 3715–3720. 

Yang, T. and Lua, A. C. (2003). Characteristics of Activated Carbons Prepared from 

Pistachio-Nut Shells by Physical Activation. Journal of Colloid and Interface 

Science. 267, 408-417. 

Yangui, R. B. E. (2013). Removal of Water Pollutants by Adsorption on Activated 

Carbon Prepared from Olive-Waste Cakes and by Biological Treatment 

Using Ligninolytic Fungi. Doctor Philosophy, Autonomous University of 

Barcelona, Bellaterra. 

Yin, C. Y., Aroua, M. K. and Wan Daud, W. M. A. (2007). Review of 

Modificationsof Activated Carbon for Enchancing Contaminant Uptakes 

from AqueousSolution. Separation and Purification Technology. 52(3), 403-

415. 

Yorgun, S., Vural, N. and Demiral, H. (2009). Preparation of High-Surface Area 

Activated Carbons from Paulownia Wood by ZnCl2 Activation. Microporous 

and Mesoporous Materials. 122, 189-194. 

Zamouche, M. and Hamdaoui, O. (2012). Sorption of Rhodamine B by Cedar Cone: 

Effect of pH and Ionic Strength. Energy Procedia. 18, 1228-1239. 

Zanella, O., Tessaro, I. C. and Feris, L. A. (2015). Nitrate Sorption on Activated 

Carbon Modified with CaCl2: Equilibrium, Isotherms and Kinetics. Chemical 

Industry & Chemical Engineering Quarterly. 21(1) 23-33 

Zenz, C. (1988). Occupational Medicine-Principles and Practical Applications. (2nd 

ed.) St. Louis, M. O.: Mosby-Yearbook, Inc. 

 



142 

 

Zidane, F., Drogui, P. Lekhlif, B. Bensaid, J., Blais, J. F., Belcadi, S. and Kacemi, K. 

E. (2008). Decolourization of Dye-containing Effluent Using Mineral 

Coagulants Produced by Electrocoagulation. Journal of Hazardous Materials. 

155, 153-163. 



143 
 

LIST OF PUBLICATIONS 

 

 

 

 

Lee, L. Z. and Ahmad Zaini, M. A. (2015). Metal Chloride Salts in the Preparation of 

Activated Carbon and Their Hazardous Outlook. Desalination and Water 

Treatment. 10.1080/19443994.2015.1077348 (in press) 

Lee, L. Z. and Ahmad Zaini, M. A. (2015). Potassium Carbonate-Treated Palm 

Kernel Shell Adsorbent for Congo Red Removal From Water. Jurnal 

Teknologi. 75(1), 233-239. 

Lee, L. Z. and Ahmad Zaini, M. A. (2015). Metals Chloride-Activated Castor Bean 

Residue for Methlene Blue Removal. Jurnal Teknologi. 74(7), 65-69. 

See, M. T., Lee, L. Z., Ahmad Zaini, M. A., Quah, Z. Y. and Aw Yeong, P. Y. 

(2015). Activated Carbon for Dyes Adsorption in Aqueous Solution. In 

Daniels, J. A. (Ed.) Advances in Environmental Research Volume 36 (pp. 

217-234). New York: Nova Science Publishers, Inc. 

See, M. T., Quah, Z. Y., Lee, L. Z., Aw Yeong, P. Y. and Ahmad Zaini, M. A. 

(2015). Dyes in Water: Characteristics, Impacts to the Environment and 

Human Health, and the Removal Strategies. In Taylor, J. C. (Ed.) Advances 

in Chemistry Research Volume 23 (pp. 143-156). New York: Nova Science 

Publishers, Inc. 

 




