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                                           Abstract 

 

Adsorption of Coomassie brilliant blue (CBB G-250) from aqueous solutions on the adsorbents 

chitosan, alpha cellulose, banana rachis fibre, banana rachis fibre/chitosan composite, alpha 

cellulose/chitosan composite, and activated carbon were studied experimentally. The removal 

efficiency of the adsorbents was also tested using a concentration of dye from 50 to 800 mg/l. 

The absorbed amount increases as the adsorbents mass increases (1, 1.5, 2, 2.5, and 3 g/l) 

from alpha cellulose (9.4 to 50%), chitosan (15.6 to 56.3%), banana rachis fibre (21.9 to 

65.5%), alpha cellulose/chitosan composite (6.3% to 84.4%), activated carbon (31.6 to 

84.4%), and banana rachis fibre/chitosan composite (37.5% to 93.8%), for the initial 

concentration (50 mg/l) after 80 minutes. The absorbed amount increases as the adsorbents 

mass increases from banana rachis fibre (6.6 to 19.5%), alpha cellulose (5.3 to 28.1%), 

chitosan (21.0 to 33.7%), alpha cellulose/chitosan composite (38.2 to 44.8%), banana rachis 

fibre/chitosan composite (45.3 to 51.2%), and activated carbon (66.8 to 79.8%), for the high 

concentration (800 mg/l) after 80 minutes. Two isotherm models namely Freundlich and 

Langmuir models were tested. The equilibrium data for alpha cellulose/chitosan composite, 

activated carbon, alpha cellulose, banana rachis fibre/chitosan composite, banana rachis 

fibre, and chitosan fitted well to the Langmuir model, correlation coefficient R2 (0.9999, 0.9984, 

0.998, 0.994, 0.9661, and 0.9474 respectively) were bigger than the corresponding Freundlich 

correlation coefficient R2. Composites as well as components of composites were further 

characterized by x-ray diffraction (XRD). The (%) CIXRD of chitosan, alpha cellulose/chitosan 

composite, alpha cellulose, banana rachis fibre/chitosan composite, and banana rachis fibre 

readings values in this study ranges from 94.28%, 91.54%, 82.75%, 60.77%, and 37.69%, 

respectively. The present study results suggest the possible use of a waste such as banana 

rachis fibre waste combined with chitosan for the development of a new cheap and efficient 

adsorbent that could be used in dyes removal from wastewater. Adsorption of Coomassie 

brilliant blue (CBB G-250) from aqueous solutions was absorbed better by banana rachis 

fibre/chitosan composite, followed by activated carbon and then the banana rachis fibre. 

 

Key words: Adsorption, Banana rachis fibre, composites, ATR-IR, X-ray diffraction, 

Isotherm, Coomassie Brilliant Blue. 
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                             General introduction 

 

In this study the title of the research is formulation and characterisation of banana rachis 

derived composites and its application in sorption of dyes. The thesis is divided into five 

chapters and then the references. Chapter 1 deals with the literature review, hypothesis and 

the specific objectives of the study. The study will further determine the capacity of the banana 

rachis fibre, cellulose, chitosan, activated carbon and banana rachis fibre-based adsorbents 

composites for the dye using isotherm studies. 

 

Chapter 2 deals with characterisation of banana rachis fibre by chemical analysis such as; 

sampling, determination of water and fiber content, homogenization, determination of the 

extractives, cellulose, and holocellulose, Klason method for estimation of lignin present in 

banana rachis fibre. Chapter 3 deals with equilibrium and isotherm studies, the dye stock 

solution and construction of a standard CBB G-250 dye curve, the dye adsorption assessment 

methodology, the equilibrium time sorption experiments, the equilibrium studies, and then 

lastly the Langmuir and Freundlich isotherms of the various adsorbents (banana rachis fibre, 

chitosan, alpha cellulose, and activated carbon).  

 

Chapter 4 deals with formulation and chemical analysis of composites such as; the preparation 

of chitosan/alpha cellulose and chitosan/banana rachis fibre composites by in situ 

precipitation, the characterisation of different adsorbents using ATR-IR, the powdered x-ray 

diffraction analysis, the dye adsorption assessment methodology, the equilibrium time sorption 

experiments, the equilibrium studies, and then lastly the Langmuir and Freundlich isotherms 

of the various adsorbents (alpha cellulose/chitosan composite and banana rachis 

fibre/chitosan composite), the acid hydrolysis of various adsorbents (chitosan, banana rachis 

fibre, alpha cellulose, alpha cellulose/chitosan composite, and banana rachis fibre/chitosan 

composite), the total sugar estimation of acid hydrolysates using the Anthrone method, and 

then the glucosamine estimation of acid hydrolysate using the hexosamine method. Chapter 

5 deals with the overall conclusion.
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                                                 CHAPTER 1 
                             

                              Literature review 

                                        

1. Introduction 
 

1.1. National Water Act of South Africa 

  

The Department of Water Affairs under the National Water Act of South Africa announced the 

integrated coastal management Act in 2008 (Act No. 24 of 2008) (Department of 

Environmental Affairs, 2014). One example of an industrial sector that uses high volumes of 

water, and generates polluted and coloured effluents in South Africa is the pulp and paper 

industry (eQ Insight, 2012). Effluent treatment is required to meet environmental regulations 

and decrease environmental impacts to aquatic ecosystems (eQ Insight, 2012). The textile 

industry is one of the greatest polluters in the world with 20% of global industrial water pollution 

coming from the treatment and dyeing of textiles, as is estimated by the World Bank (Kant, 

2012). The discharge of dyes in open water streams is worrying for both toxicological and 

esthetical reasons (Tahir and Alam, 2014). The law mentioned above was promulgated to 

assist in regulating discharges from the water used by industries into the environment and 

compels industry to reduce their pollution of water resources. 

  

1.2. Environmental problems caused by dyes 
 

Dyes are used in many industrial outlets such as food, paper, carpets, rubbers, plastics, 

cosmetics and textiles industries to colour their products. Effluents discharged from above 

mentioned industries, contain hazardous elements and causes environmental problems 

(Gupta and Ali, 2002). The presence of dyes in the industrial wastewaters causes toxicity to 

aquatic life and mutagenicity to humans (Boyter, 2007). Adsorbents can alleviate these 

problems by efficient removal of pollutants with the option of controlled incineration or even 

reclamation of valuable adsorbents and reuse in further treatment regiments (Kulkarni and 

Kawave, 2014). Commercial adsorbents used for domestic water treatment include ion-

exchange resins in combination with activated carbon (Arnold and Larsen, 2006). However, 

these products are relatively expensive and are only generally suitable for small scale 

treatment of municipal home water sources (Arnold and Larsen, 2006). Larger scale, 

economic treatment of industrial effluent requires readily available and cheaper adsorbents, 
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which have not been investigated sufficiently to lead to practical industrial application in 

general.  

 

1.3 Formulation of the different composites with graphene 

  

Graphene is a polymer composed of single layers of planar carbon atoms that is packed into 

honeycomb assemblies and based on the graphite structure that has attracted much interest 

(Fitzer et al., 1995). Graphene nanocomposites with polysaccharides are easily synthesized 

bio-based polymers. Polysaccharides include: cellulose, chitosan, starch, and alginates, each 

group with unique properties (Fitzer et al., 1995). Graphene is used as adsorbents for the 

removal of various pollutants from effluents, according to a review article about the special 

use of graphene derivate as materials for the removal of environmental pollutants (Kyzas et 

al., 2014). Graphene nanocomposites have been produced with chitosan and used for the 

removal of dyes and heavy metal ions, (Terzopoulou et al., 2015).  

 

Adsorption activity might be present in composite materials-derived from two or more original 

sources/materials. Adsorption interactions are the result of surface forces (hydrogen bonding, 

electrostatic interactions, and van der Waals forces), hence the final adsorption capacity of 

composite materials could almost be considered as the sum of the capacities of its origin 

sources (Terzopoulou et al., 2015).  

 

The reinforcement effect of graphene on polysaccharides is due to the improved interactions 

between the reactive groups including: carboxyl and hydroxyl groups with the carboxyl, amino 

or hydroxyl groups of polysaccharides (Terzopoulou et al., 2015). The difference between 

graphene and polysaccharides groups is graphene does not have oxygen functional groups, 

which can result in the reduction of surface area and compromise the electrochemical 

performance. Formulation of the different composites with graphene serves as an example on 

what holds the composites together.  

 

1.4. Coomassie brilliant blue G-250 dye 
 

Coomassie brilliant blue dye (CBB) is the name given to two similar triphenylmethane dyes 

that were developed for use in the textile industry but are now used for staining proteins in 

analytical biochemistry (Chiral et al., 1993). The chemical structure of CBB G-250 is shown in 

Figure 1.1. The colour of the dye depends on the acidity of the solution (Fox, 1987). CBB is 

an organic compound that can be used for colourisation of fibers. It is highly light resistant and 

is also used in copying papers, in hectograph- and printing inks, as well as in textile 
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applications. Dyes represent a major class of organic pollutants present in wastewater. The 

discharge of industrial wastewater containing dyes is considered as one of the highest 

environmental problems.  

 

It is actually difficult to estimate the actual global production and consumption of dyes, but it 

is estimated that worldwide production of dyes and pigments would reach 9.0 million tons by 

volume of US$ 30.0 billion by the 2020. However, according to one estimates there was an 

annual production of >7.5 x 105 metric tons of different dyes and nearly 280,000 tons (i.e. 2-

50%) of textiles dyes are discharged into the effluents (Madamwar et al., 2019). The presence 

of even very low concentrations of dyes in water reduces light penetration through the water 

surface, precluding photosynthesis of the aqueous flora. Many of these dyes are carcinogenic, 

mutagenic, and teratogenic and also toxic to human beings, fish species and microorganisms.  

 

Therefore, the removal of dyes from wastewater effluents is of great concern. It is applied by 

different techniques, but it also belongs to the basic class of dyes which is adsorbed from 

solution by silk or wood and has little affinity for cotton (Tahir and Alam, 2014).  Dyes used in 

various industries have harmful effects on living organisms within short exposure periods. 

Generally, the possible mechanisms of cationic dye adsorption onto biosorbents are as 

follows: (1) electrostatic attraction, (2) hydrogen bonding, and (3) n-p interactions (or n-p 

electron donor-acceptor interactions) (Tran et al., 2017).  

 

 

 

 

 

Figure 1.1: Structure of Coomassie brilliant blue G-250 (Syrovy and Hodny, 1991) 
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1.5. Banana plants and rachis banana fibre  

 

The interest in natural fibre reinforced composite materials is growing rapidly in industrial 

application as well as fundamental research. Plants such as flax, cotton, hemp, jute, sisal, 

kenaf, bamboo, banana are used as the source of lignocellulosic fibers are more applied as 

reinforcement in composites (Rohit and Dixit, 2016). The availability, renewability, low density 

and low price have made them economical alternative to glass and carbon fibres. The natural 

fibre composites are not only environmentally friendly, but they also provide satisfactory 

mechanical strength (Ashik and Sharma, 2015).  

 

Composites are being used in transportation and construction sector. They are generally 

lignocellulosic, consisting of helically wound cellulose microfibrils in amorphous matrix of lignin 

and hemicellulose (Mukhopadhyay et al., 2008). Banana and plantains are planted in every 

humid tropical region and constitute the 4th largest fruit crop of the world (Morton, 1987). 

Rachis is the stalk of the inflorescence from the first fruit to the male part (Robinson and Galan, 

2010).  

 

The rachis is a waste material left after the harvesting of bananas, it is abundantly found on 

natural growing banana plants and is freely available after harvesting is completed. It is 

potentially of no cost since it is a waste material and easy to process because it is a relative 

pliable material. The rachis is one of the banana plant constituents that contain the largest 

amount of fibrous material (Velasquez-Arredondo et al., 2010). Banana plant rachis (a) and 

harvested rachis (b) is indicated in Figure 1.2. 

 

 

 

Figure 1.2: Structure of a, banana plant rachis pointed b, harvested rachis 
(www.eclipseproject.eu/waste-based-nanofillers)  

 

http://www.eclipseproject.eu/waste-based-nanofillers
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1.6. Lignocellulose 

 

Banana rachis fibre is rachis, pseudo stem, leaf sheath and peel of the banana plant, which 

are cellulose-rich sources, are currently also being tested for fibrous material because they 

are considered to be potentially the best components for use in manufacturing composites 

materials (Arsene et al., 2013). Lignocellulose structure is indicated in Figure 1.3. Banana 

fibre, a lignocellulosic fibre, is a bast fibre with relatively good mechanical properties. High 

cellulosic content and low micro-fibril angle are desirable to obtain the desired mechanical 

properties (Verma et al., 2016). Lignins are composed of nine carbon units derived from 

substituted cinnamyl alcohol; that is, coumaryl, coniferyl, and syringyl alcohols 

(Mukhopadhyay et al., 2008).  

 

Lignin as a natural recalcitrant kind of material plays an important role in natural decay 

resistance are associated with the easily degradable hemicelluloses (Mohanty et al., 2001: 

Verma et al., 2016). Banana pseudo stem’s outer covering is a cellulosic material while the 

core or pith is rich in polysaccharides and other trace elements but lower in lignin content 

(Cordeiro et al., 2004). Banana pseudo stem fibres have high potential in absorbing spilled 

oils in refineries (Hubbe et al., 2013). Lignocellulosic materials are inexpensive and ecofriendly 

biosorbents (Lee et al., 2014). Lignocelluloses usually contain around 40% cellulose, 20% 

hemicellulose and 20 - 30% lignin (Tuomela et al., 2000). 

 

 

 

Figure  1.3: Structure of lignocellulose (www.Sfi.mtu.edu) 

 

1.7. Cellulose 

  

Cellulose is an organic compound with the formula (C6H10O5)n. It is a polysaccharide 

comprised of a linear chains of several hundred to many thousands of β(1→4) linked d-glucose 

units (Updegraff, 1969). The chemical structure of cellulose is indicated in Figure 1.4. The 

multiple hydroxyl groups on the glucose from one chain form hydrogen bonds with other 

Cellulose 

Hemicellulose 

Lignin 

Lignocellulose 

https://scialert.net/fulltext/?doi=pjbs.2010.604.610#91358_ja
http://www.sfi.mtu.edu/
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chains. Various forms of crystalline structures of cellulose are known, corresponding to the 

occurrence of hydrogen bonds between and within it’s carbohydrate strands (Bishop, 2007). 

 

Ionic liquids combining 1-butyl-3-methyl imidazolium cation with different anions were 

investigated as potential solvents for cellulose (Li et al., 2004). The ability to dissolve cellulose 

has resulted in unique processing technologies being developed leading to novel cellulose 

derivative products including blends, composites, ionic gels and fibres. These materials are 

environmentally friendly and can replace petroleum-based products associated with negative 

impacts on the environment (Isik et al., 2014). Cellulosic fibers are naturally anionic in charge 

and cationic polymers are absorbed onto fibers by electrostatic attraction (Li et al., 2004). This 

can facilitate its interaction with other biopolymers. 

  

 

Figure 1.4: Structure of cellulose (www.easychem.com.au/production - of - materials/biomass - 

research/cellulose/) 

 

1.8. Holocellulose 

 

The combination of cellulose (40 - 45%) and the hemicelluloses (15 - 25%) are called 

holocellulose and usually accounts for 65 - 70% of the wood dry weight (Rowell et al., 2013). 

The holocellulose, which constitutes 70 - 80 percent of wood tissue is a 

linear polysaccharide made up of glucose units (Robertson and Wood, 1979). The chemical 

formula of holocellulose is indicated in Figure 1.5. These polymers (cellulose and 

hemicelluloses) are made up of simple sugars, mainly, d-glucose, d-mannose, d-galactose, d-

xylose, l-arabinose, l-glucuronic acid, and lesser amounts of other sugars such as l-rhamnose 

and d-fucose. The polymers (cellulose and hemicelluloses) are rich in hydroxyl groups that 

are responsible for moisture sorption through hydrogen bonding (Rowell et al., 2013). 

 

Delignification is a critical process towards the successful characterization of cellulose and 

hemicelluloses from lignocellulosic biomass (Hubbel and Ragauskas, 2010). The presence of 

lignin in biomass reduces accessibility to the cellulose microfibrils. Lignin can also hinder or 

http://www.easychem.com.au/production%20-%20of%20-%20materials/biomass%20-%20research/cellulose/
http://www.easychem.com.au/production%20-%20of%20-%20materials/biomass%20-%20research/cellulose/
https://www.sciencedirect.com/topics/engineering/polysaccharides
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mask molecular details from spectroscopic techniques (Hubbell and Ragauskas, 2010). For 

these reasons, it is essential to remove all or majority of the incorporated lignin prior to 

analysis. The most popular and established laboratory method for the removal of lignin from 

biomass is acid-chlorite delignification utilizing an aqueous solution of acetic acid and sodium 

chlorite (Hubbell and Ragauskas, 2010). This method effectively bleaches and then solubilizes 

lignin at moderate temperatures (Hubbell and Ragauskas, 2010). The major carbohydrate 

portion of wood is composed of cellulose and hemicellulose polymers with minor amounts of 

other sugar polymers such as starch and pectin (Stamm, 1964). 

 

A complex mixture of polysaccharides remains after the removal of lignin from tree‐wood 

following treatment with sodium chlorite solution (www.oxfordrefence.com). Holocelluloses 

are major energy sources available to decomposer organisms, constituting 70 - 80% of fresh 

organic material (Swift et al., 1979). Holocellulose is one of the main components of organic 

matter. Holocellulose is the main polymeric component of the plant cell wall, the most 

abundant polysaccharide and an important renewable resource (Jarwanto and Tachibana, 

2009). 

 

 

 

Figure 1.5: Chemical formula of holocellulose (Robertson and Wood, 1979) 

 

1.9. Chitosan such as 
 

Chitosan is a linear polysaccharide composed of β-(1, 4)-linked d-glucosamine (deacetylated 

unit) and N-acetyl-d-glucosamine (acetylated unit) (Shahidi and Synowiecki, 1991). The 

structure of chitosan is shown in Figure 1.6. The shells of shrimp and sea crustaceans contain 

chitin that is extracted and converted to chitosan using an alkaline treatment. This method is 

http://www.oxfordrefence.com/
https://scialert.net/fulltext/?doi=pjbs.2010.604.610#238564_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=organic+matter
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=organic+matter
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used to obtain commercial chitosan (Shahidi and Synowiecki, 1991). Chitosan is used in water 

processing engineering in the filtration process. It is further used to remove phosphorus, heavy 

metals, and oils from water (Woodmansey, 2002).  

 

Composites of chitosan with bentonite, gelatin, silica gel, or other fining agents, are utilised to 

clarify wine, mead, and beer (Rayner, 2006). Chitosan can be dissolved in ionic liquids. An 

ionic liquid, 1-butyl-3-methylimidazolium chloride can dissolve up to 10 (w/v) % chitin or 

chitosan (Xie et al., 2005). The advantages of using fungal polysaccharides such as chitosan-

glucan complexes from various fungi (A niger and Mucor rouxii) in the removal of metal ions 

have been studied previously (Muzzarelli, 2011).  

 

Chitosan is a principal component of cell walls of certain fungi such as Gongronella spp., 

Absidia spp., Aspergillus spp., Rhizopus spp. These fungi belong to the class of Zygomycetes 

(Tamura et al., 2011). It was discovered that chitosan-glucan from fungi had a higher 

adsorption capacity compared to chitosan derived from crustaceans, in collecting transition 

metal ions from aqueous solutions (Muzzarelli, 2011). Chitin is the most abundant amino 

polysaccharide polymer occurring in nature and is the building material that gives strength to 

the exoskeletons of crustaceans, insects, and the cell walls of fungi.  

 

The main natural sources of chitin are shrimp and crab shells, which are an abundant 

byproduct of the food-processing industry, that provides large quantities of this biopolymer to 

be used in biomedical applications. Because the fungal chitosan–glucan complex is less 

crystalline and more expanded, which means that it is more accessible to chemicals 

(Muzzarelli, 2011). The amount of chitin resources indicates approximately 0.7, 1.4, and 29.9 

million tons of chitin are annually recovered from squid, oyster, and shellfish, respectively (Das 

et al., 2016). The seafood industry generates ~106 tonnes of chitin annually as a waste stream, 

much of which is composted or converted to low-value products such as fertiizers, pet foods 

and fishmeal (Schmitz et al., 2019). In the biosphere, over 1 billion tons of chitin are 

synthesized each year by organisms (biologydictionary.net/chitin). 
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Figure 1.6: Structure of Chitosan (Shahidi and Synowiecki, 1991) 

 

1.10. Attenuated total reflection infra-red spectrometry 

 

Attenuated total reflection (ATR) is used in conjunction with infrared spectroscopy which 

permits samples to be observed directly in the solid or liquid state without further sample 

preparation as opposed to conventional infra-red measurement techniques (transmission 

method). The energy of each peak in an absorption spectrum corresponds to the frequency of 

the vibration of a molecule, therefore permitting qualitative identification of certain bond types 

in the sample. Infra-red spectroscopy is also used to observe the changes occurring in the 

crystallinity and polymorphic nature of chitin/chitosan as a function of the N-deacetylation level 

(Kumirska et al., 2010). Hydrogen bonding occurs whenever a hydrogen atom serves as a 

carrier between two electronegative atoms by a covalent bond to the one and to the other by 

an electrostatic bond (Kuzmina et al., 2012).  

 

1.11. Isotherm studies 

 

Isotherm studies resolve the distribution of adsorbate solute between the liquid and solid 

phases at different equilibrium concentrations (Ng et al., 2002). There are many isotherm 

models described in literature but many studies refer to Freundlich and Langmuir types of 

adsorption isotherms which are used preferentially over others (Dada et al., 2012). Langmuir 

and Freundlich adsorption isotherms are used for the determination of sorption capacity of 

adsorbents for dyes. Porosity is a measure of the void (i.e. (‘’empty’’) spaces in a material, 

and is a fraction of the volume of voids over the total volume (Gholizadeh et al., 2013). 

Isotherm can show whether the pores are microporous and whether the exposed surface 

residues are located almost exclusively within the micro-pores (Lowell and Shields, 1984). 
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1.12. Activated carbon, agricultural wastes and bio-sorbents 

 

Activated carbon is the most important adsorbent used on an industrial scale (Menéndez-Diaz 

and Gullon, 2006). Various physical forms of activated carbon are manufactured depending 

on their application: granular to be used in adsorption columns and power forms for use in 

batch adsorption followed by filtration (Rajagopal, 1991). Activated carbon is used as an 

adsorbent due to its high adsorption abilities in removing organic pollutants from wastes water. 

The high adsorption capacity of activated carbon is due to its high surface area.  Activated 

carbon is a form of carbon processed to have small, low-volume pores that increase the 

surface area available for adsorption or chemical reactions.  

 

Due to its high degree of microporosity, one gram of activated carbon has a surface area in 

excess of 3,000 m2 (32,000 sq ft) (Dillon et al., 1989) as determined by gas adsorption 

(Jhadhav, 2015). An activation level sufficient for useful application may be attained solely 

from high surface area.  However, the cost of activated carbon is relatively high and 

regeneration is difficult, which limits its usage in dye waste treatments (Waranusantigui et al., 

2003). As a result, many researchers have investigated low-cost, agricultural wastes {bagasse 

pitch, maize cob, coconut shell, rice husk, etc. (Annadurai et al., 2002) and bio-sorbents such 

as yeast, fungi, bacteria, chitin, chitosan, algae and peat mass (Crini, 2006).   

 

1.13. Hypothesis 

 

It is hypothesized that banana rachis fibres when combined with biopolymer such as chitosan 

will yield adsorbent with higher capacity compared to activated carbon. Furthermore, rachis 

fibres might contain materials/functional groups that could interact with functional groups of 

chitosan to facilitate adsorption of dyes. Furthermore, interaction between chitosan and 

banana rachis will alter the physiochemical characteristics of these materials to facilitate dye 

binding. It is speculated that either physical/structural (surface area/porosity and changes in 

crystallinity) and/or chemical changes (hydrogen bond formation/disintegration) might 

enhance adsorption ability of rachis fibres when combined with chitosan. 

  

1.14. Aim 
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The primary aim of this study was to test the possibility of using banana rachis fibre, cellulose, 

chitosan, activated carbon and banana rachis fibre based adsorbents composites, for removal 

of a dye (Coomassie brilliant blue G-250) dissolved in water. The study will further determined 

the capacity of the banana rachis fibre, cellulose, chitosan, activated carbon and banana 

rachis fibre-based adsorbents composites for the dye using isotherm studies. 

 

The specific aims in this study are: 

 

1) To determine sorption capability of a cellulose-based waste primary banana rachis fibres, 

as well as composite of rachis fibres in combination with biopolymer such as chitosan to 

obtain highly adsorbent materials for adsorption of dye solutions. To obtain equilibrium 

time for dye adsorption to each adsorbent. 

2) To quantify adsorption capacity using isotherm studies, with activated carbon as reference 

adsorbent.  

3) To determine basic mechanisms of absorption involved and to measure crystallinity index 

values.  

4) To chemically characterized banana rachis fibres and composites by conventional 

techniques. 

5) To investigate change in hydrogen-bond formation (by ATR-IR) in the various adsorbents 

and to determine its effects on sorption of dyes. 

6) To study crystallinity of the products by a powdered x-ray diffraction method. 

 

1.15. Rationale for study 

 

During this study banana rachis was selected as a renewable agricultural waste material. The 

rachis material was first chemically characterised to determine the nature thereof. Various 

potential adsorbents were studied in terms of effect of dosages and colour intensities on the 

adsorbance of the dye CBB. Activated carbon was included for bench marking purposes. The 

equilibrium times were determined using preselected criteria and subsequently used in 

isotherm studies. The isotherm studies were conducted to quantify the adsorbent capacity for 

CBB dye and two models, namely, Freundlich and Langmuir were used for this purpose. 

Composites were prepared using commercial cellulose and banana rachis, in combination 

with chitosan.  
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Cellulose was used as it is the major constituent in banana rachis fibre, it represents a relative 

less complex biopolymer compared to lignocellulose and a lot of research has been done on 

the use of cellulose in composites over the years. The use of rachis fibre in composites as far 

as known has, not been attempted previously. Chitosan was included since it apparently 

improves the durability of fibres when used in composites. It also exhibits an antimicrobial 

effect that could be useful if fibres are to be used over long periods as adsorbents on an 

industrial scale. The composites were characterised by XRD and ATR-IR studies.  

 

The latter was used to examine functional groups and also to ascertain the interactions 

between the components following composite formation. XRD was used to study mainly 

crystallinity of composites and their constituents. The composites was also hydrolysed and 

the total carbohydrates estimated, this was followed by hexosamine determinations. 

Hexosamine is the building block of chitosan and analysis thereof gives an indication of the 

amount of chitosan present in the composites.  

 

The same strategy was followed to determine the isotherms of the composites during CBB 

dye adsorption as were conducted with the adsorbents mentioned above. The various 

isotherms were compared to determine the effect of composite formation on the capacity of 

composites relative to the dye adsorption capacities of constituents from which the composites 

were made. Isotherms were also used to gain information of the basic mechanisms of dye 

adsorption, whether it occurs by the monolayer or by a multilayer approach. 
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1.16. Conclusion 

 

From this literature review the following can be conclude: 

 

1. Dyes are used in many products such as food, paper, carpets, rubbers, plastics, cosmetics 

and textiles to colour their products. Effluents discharged from above mentioned 

industries, hazardous elements and causes environmental problems. 

 

2. Coomassie brilliant blue dye (CBB) is the name given to two similar triphenylmethane dyes 

that were developed for use in the textile industry but are now used for staining proteins in 

analytical biochemistry. It is a basic dye which is adsorbed from solution by silk or wood 

and has little affinity for cotton. 

 

3. The rachis is a waste material left after the harvesting of bananas and is readily available 

after harvesting is completed. It is potentially of no cost since it is a waste material and 

easy to process because it is a relative pliable material. 

 

4. Activated carbon is used as an adsorbent due to its high adsorption abilities in removing 

organic pollutants from wastes water. However, the cost of activated carbon is relatively 

high and the regeneration is difficult, which limits its usage in dye waste treatments. 
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                                            CHAPTER 2 
                                            

2. Characterisation of banana rachis fibres by chemical analysis  
 

2.1. Chapter Summary 
 

The banana rachis fibre was prepared as adsorbent for the adsorption of CBB dye from 

aqueous solution. Before such studies were conducted however it was important to examine 

the chemical makeup of the biosorbent material. Locally available banana rachis fibre had a 

water content of 92.21% and the fibre yield percentage of 8.4%. The content of extractives in 

banana rachis fibre was 2.7%. The cellulose levels present in banana rachis fibre was 30.3%. 

The holocellulose was 23.2%. The Klason lignin obtained from the banana rachis fibre was 

15%. These results suggest banana rachis fibre is a potential low-cost adsorbent for the dye 

removal from industrial wastewater.   

 

Key words: Banana rachis fibre, Extractives, Cellulose, Holocellulose, Klason lignin.    

  

2.2. Introduction 
 

This experimental section involves the chemical analysis of the banana rachis fibre. This is 

important since the chemical make-up has an important bearing on the nature of the material. 

Banana farming generates huge quantity of biomass all of which goes to waste and the above 

ground parts like pseudostem and peduncle are the major sources of fibre.  Banana fibre can 

be used as raw material by various industries for production of a range of products like paper, 

cardboards, tea bags, currency notes and high quality dress materials.  Banana rachis fibres 

are known to be good source of cellulose, hemicellulose, and lignin (Preethi and Balakrishna, 

2013). In this chapter there was sampling of banana rachis fibre wastes, determination of 

water and fibre content of banana rachis fibre, and homogenization of rachis fibres.  

 

The First samples were treated to remove lipid extractives using a soxhlet extraction method. 

Soxhlet extraction is a continuous solid-liquid extraction where a desired compound is 

extracted from solid material (containing unwanted products) using a solvent.  The solid is 

placed in a filter paper thimble which is then placed into the main chamber of the soxhlet 

extractor (Santos et al., 2011). The solvent (heated to reflux) travels into the main chamber 

and the partially soluble components are slowly transferred to the solvent. The extractives 

https://www.omicsonline.org/agrotechnology.php
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have low or medium molecular weight and can be extracted by specific solvents such as 

acetone, toluene, alcohol and water (Silverio et al., 2006).  

 

Extractives are sugars, starches, waxes, fats, fatty acids, phenolic substances, terpenoids, 

and resin acids (Sjostrom, 1993). The cellulose content was determined using the Kurscher-

Hoffner approach that entails the treatment of banana rachis fibre with nitric acid solution 

under reflux (Li et al., 2010). Holocellulose content was determined following a method using 

sodium chlorite as oxidizing agent to remove lignin, the treatment of lignocellulose from 

banana rachis fibre leads to a white delignified product (Willis and Scott, 1988). During the 

Klason treatment method, the banana rachis fiber was treated with sulphuric acid to obtain a 

lignin containing material (Willis and Scott, 1988). All the analyses performed are based on 

gravimetric measurements of at least duplicate samples. 

 

2.3. Materials and Methods 

 

2.3.1. Sampling 

 

The banana rachis wastes, obtained from farms in Limpopo province, in the Levubu area, was 

used. After harvesting of the fruit, the rachis was processed shortly after collection.   

 

2.3.2. Determination of water and fibre content of banana rachis fibre 

 

The banana rachis was cut into smaller pieces and the wet weight of the rachis pieces were 

measured. From the material, the fibres were subsequently removed by scrubbing and the 

fibres were extracted by using a knife (Zuluaga et al., 2007). The banana rachis fibres were 

washed several times with distilled water and were filtered using a Buchner funnel equipped 

with filter paper and a vacuum pump. After the fibres were dried in an oven overnight at 70 oC. 

The dry weight of the fibres were measured using a electronic balance and afterwards stored 

in a desiccator. All analysis reported here and below were performed in duplicate and 

averages calculated. 

 

2.3.3. Homogenization of rachis fibres 

  

The dried fibres were ground several times using a homogenizer, 37 000 rpm, 15 minutes. 

Fibres, in a fine powdery form, was obtained following sieving using a commercial sieve. 
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2.3.4. Determination of the extractive, cellulose and holocellulose present in banana 

rachis fibre 

 

2.3.4.1. Extractive removal 

 

A 3 g sample of banana rachis fibre was first submitted to soxhlet extraction with 

ethanol/toluene (1:2 v/v) mixture in a fume cardboard for 8 hours. The soxhlet was heated 

using a heating mantle during the extraction process (Li et al., 2010). A rotary evaporator was 

subsequently used to remove the organic phase from the extractives and the dry weight of the 

extractives were determined after placement in an oven at 60 0C overnight (Li et al., 2010). 

 

2.3.4.2. Cellulose extraction  
 

The cellulose content was determined using the Kurscher-Hoffner approach which consists of 

treating 1 g of extractives-free sample with (12.31 M) 30 ml of nitric acid solution under reflux 

during four cycles of 1 hour. After each cycle the solution was removed and replaced by a 

fresh volume of nitric acid solution. The nitric acid solution was prepared by mixing one volume 

of 55% (w/w) solution of nitric acid with four volume of 99% purity ethanol (Li et al., 2010). The 

material left after the treatment was washed with distilled water then dried at 60 0C overnight 

in an oven. The dry weight was determined following the procedure as indicated below in 

Chapter 2, Section 2.4.1.2. 

 

2.3.4.3. Holocellulose extraction  

 

Holocellulose was determined following a method using sodium chlorite to remove lignin.  An 

amount of 2 g of extractives-free banana rachis fractions was mixed with 65 ml distilled water, 

0.5 ml acetic acid, and 0.6 g pure sodium chlorite during 1 hour treatment at 75 oC. This 

treatment was repeated three times until the sample became white, indicating complete 

bleaching. The sample was filtered through filter paper and washed with distilled water. The 

sample was dried at 60 oC overnight and cooled in a desiccator and the mass was recorded 

after weighing with an electronic balance (Li et al., 2010). 

 

2.3.5. Klason method for estimation of lignin present in rachis fibres 

 

Approximately 0.2 g of the sample of rachis fibres were accurately weighed to the nearest 0.1 

mg using an analytical electronic balance into a small beakers. One milliliter (ml) of 72% H2SO4 

was added per 100 mg of sample. The mixture is placed in a water bath at 30 °C and is stirred 
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frequently to assure complete mixing of the components. This constitute the primary 

hydrolyses step. After exactly 1 hour, it is diluted and transferred to an Erlenmeyer flask, using 

28 ml of water for each 1 ml of acid. Secondary hydrolysis is then conducted in an autoclave 

at 120 °C for 1 hour. The hot solution is filtered through a filter paper, and the Klason lignin 

residue is washed with hot water to remove the acid. The crucibles containing the banana 

rachis samples are then dried to constant weight at 105 °C in an oven and are weighed to the 

nearest 0.1 mg. Before weighing the samples are allowed to cool down in a desiccator. Lignin 

is expressed as a percentage of the original sample mass (Willis and Scott, 1988). 

 

2.4. Results and Discussions 

 

2.4.1. Chemical analysis of rachis fibre 

 

2.4.1.1. Determination of water content of the rachis  

  

The water content of the rachis was determined using the mass of the wet weight (291.22 g) 

of the two parts of banana rachis collected and dry weight (22.68 g) which gives the calculated 

results below:   

 

Water content = wet weight – dry weight 

                 ------------------------------ x 100 

                          wet weight  

                         

               = 291.22 – 22.68 g 

                 ------------------------     x 100 

                           291.22 g 

               = 92.21% water is present in the banana rachis fibre 

 

The 92.21% water content obtained, was higher than the 64.8% of moisture content of banana 

pseudo-stem obtained by Baloyi (2012), higher than the 9.74% moisture level of banana stem 

recorded by Mukhopadhyay et al. (2008), lower than the 96% of moisture content of banana 

pseudo-stem obtained by Li et al. (2010). 

 

 

 



 

18 
 

2.4.1.2. Fibre yield 

 

Fibre yield percentage refers to the percentage of lignocellulosic material, mainly consisting 

of polysaccharides, cellulose micro-fibrils, hemicelluloses, lignin, pectin and water-soluble 

components (Gopinathan et al., 2017).  

 

Fibre yield (%) =       weight of the dried fibre (gm) 

                              -------------------------------------------------     x 100 

                            weight of the fibre after decortified (gm) 

 

                       = 22.68 

                          ----------  x 100 

                           270.80 

                     = 8.4% 

 

The % yield of fibres was 8.4%. This means that the fibres obtained were marginally higher 

than the 0.8% obtained by Phungo (2014), higher than the peduncle of Nendran (0.283%) 

presented by Preethi and Balakrishna (2013), higher than 1.0% values by Uma et al. (2005), 

higher than the pseudostem of Nendran (2.30%), and higher than pseudostem of Poovan 

(2.71%) values by Preethi and Balakrishna (2013). Values of yields evidently depended on 

the plant cultivar used and method of extraction employed. 

 

2.4.2. Extractives determination of banana rachis fibre 

 

2.4.2.1. Contents of extractives in banana rachis fibre 
 

The amount of extractives obtained from 3 g banana rachis fibre was 0.0807 g after the soxhlet 

extraction. Banana rachis fibre after Soxhlet extraction is shown in Figure 2.1. The %yield of 

the extractives obtained from banana rachis fibre was calculated as follows:  

 

%Yield = Mass of extractives obtained  

                --------------------------------------------- x 100% 

                 Mass of banana rachis fibre used  

 

              = 0.0807 g x 100 

                ---------- 

                     3 g 



 

19 
 

   = 2.7% extractives 

 

Therefore, the extractives-free materials present were calculated as follows: 

 

The extractives-free materials = Mass of banana rachis fibre used – Mass of extractive isolates 

obtained: 

                                               = 3 g – 0.0807 g 

                                               = 2.92 g  

 

Therefore, in 3 g rachis fibre there was left a total of 2.92 g extractive free materials. 

 

A 2.7% extractive fraction was obtained from 3 g dry weight of banana rachis fibre. It was 

slightly lower than the 3.05% extractives obtained by Li (2010). Other workers recorded even 

higher values such as 4.46% by Bilba et al. (2007) as cited by Makhopadhyay et al. (2008), 

10.6% obtained by Abdul Khali et al. (2006) and 12% by Baloyi (2012). Banana rachis 

extractive free material obtained after soxhlet extraction are shown in Figure 2.1.  

 

 

 

Figure 2.1: Banana rachis extractive free material obtained after soxhlet extraction (2.92 g) 
After the Soxhlet extraction process, the banana rachis extractive free material indicated a brown colour, 

and soft texture. 
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2.4.2.2. Cellulose levels present in rachis fibre  
 

The amount of cellulose obtained from 1 g extractives free materials was 0.31 g as shown in 

Figure 2.2. The total amount of extractives free materials obtain from 3 g rachis fibres was 

2.92 g. Therefore, from 2.92 g extractives-free materials X g cellulose will be obtained which 

can be calculated as follows:  

 

X g cellulose = (Total extractive free material) x (mass of cellulose obtained) 

                        -----------------------------------------------------------------------------  

                       1 g extractive free materials 

           = 2.92 g x 0.31 g 

           ----------------- 

                                 1 g 

                        = 0.91 g cellulose 

 

The % yield of cellulose was calculated as follows: 

     % yield    = 0.91 g x 100 

                       --------- 

                        3 g 

        = 30.3% cellulose 

 

Therefore, the banana rachis fibre contained 30.3% cellulose which is higher than the value 

of 28.1% obtained by Baloyi (2012), lower than the value of cellulose, namely, 31 - 35% 

obtained by Bilba et al. (2007), lower than the value of cellulose content 60 - 82% obtained by 

Reddy and Yang (2005). Other cellulose values were also higher compared with the values 

obtained in this study for rachis fibres (56.1% and 51.5%) as was reported by Atchison (1993). 

Cellulose is a valuable product with many applications. The high cellulose content of banana 

rachis fibre compared to other agricultural residues has a potential to be a cheap source of 

this valuable polymer. The lower level was found in this study as compared with results 

reported by others might have been due to different cultivars used in the respective studies. 

Cellulose obtained from banana rachis after cellulose extraction are shown in Figure 2.2. 
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Figure 2.2: Cellulose obtained from banana rachis after cellulose extraction, the experiments 

was repeated four times (0.31 g) 
After the cellulose extraction from banana rachis using the Kurscher-Hoffner approach, the cellulose 

indicated a light brown colour and soft texture.  

 

2.4.2.3. Holocellulose levels contained in rachis fibre 

 

The amount of holocellulose obtained from 2 g extractives free materials was 1.35 g as in 

shown Figure 2.3. The total amount of extractives-free materials obtained from 3 g rachis fibre 

was 1.03 g. Therefore, from 1.03 g extractives-free materials X g holocellulose will be obtained 

which can be calculated as follows (using logic proportion):  

X g holocellulose = (Total extractives-free materials) x (Mass of holocellulose obtained) 

                               ----------------------------------------------------------------------------------------- 

                                                               Extractives-free materials  

 

                             = 1.03 g x 1.35 g  

                               ---------------------- 

                                          2 g 

                              = 0.695 g holocellulose was present in 3 g banana rachis fibre  

 

The % yield was calculated as follows:  

 

% yield = 0.695 g x 100 

               ------- 
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                  3 g 

             = 23.2 % holocellulose 

 

Therefore, the banana rachis fibre contained 23.2% of holocellulose which was lower than the 

65.2% obtained by Abdul Khali et al. (2006), 72.71% given by Li et al. (2010) and 77.6% 

obtained by Baloyi (2012), lower than the holocelluloses, representing 77 and 75% for rachis 

fibres and rachis, respectively (Cordeiro et al., 2006). In comparison with the traditional raw 

material used in the pulp and papermaking industry, it was found that the content of 

holocellulose in banana pseudo-stem was much lower than wood fibres (Gong 2007), but still 

higher than straw, which is a typical kind of non-wood fiber (Liu et al., 2003). The lower level 

was found in this study as compared with results reported by others might have been due to 

different cultivars used in the respective studies and the observed differences could be due to 

the extraction techniques. Holocellulose obtained from banana rachis fiber after holocellulose 

extraction are shown in Figure 2.3. 

 

 

 

Figure 2.3: Holocellulose obtained from banana rachis fibre after holocellulose extraction (1.35 

g) 
After the holocellulose extraction from banana rachis fibre using sodium chlorite to remove lignin, the 

holocellulose indicated a white colour and soft texture. 
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2.4.2.4. Klason treatment method for lignin content of rachis fibres 
 

The lignin is expressed as a percentage of the original sample. Klason lignin obtained was 

0.03 g after 0.2 g of banana rachis fibre extractive free sample was dissolved in the sulphuric 

acid as indicated on Figure 2.4.  

  

Klason lignin =    0.03g 

                        --------------- x 100 %  

                               0.2g  

                     = 15% 

 

The Klason lignin yield was 15%, which was somewhat higher than 10 - 13% by Oliveria et al. 

(2009), similar to the Nendran pseudostem value of 14.39% by Preethi and Balakrishna 

(2013), higher than the lignin in rachis fibres namely 11.8% and in rachis 10.5% (Cordeiro et 

al., 2006). Within the range for lignin (15 -16%) by Bilba et al. (2007). It was furthermore lower 

than the lignin observed in pseudostem and peduncle fibre of the Monthan cultivar 21.56% 

and 20.66% by Preethi and Balakrishna (2013). Therefore, generally lower amount of the 

Klason lignin was obtained than reported in the literature. The lignin yield of different banana 

plants differ significantly among the cultivars. Lignin containing material from the banana 

rachis fibre after the klason treatment method are shown in Figure 2.4. 
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Figure 2.4: Lignin containing material from the banana rachis fibre after the klason treatment 

method (0.03 g) 
The lignin containing material indicated a black colour and soft texture. 

 

The percentages for each constituent found in of banana rachis fibre are presented for each 

constituent in Table 2.1. As stated by Li et al., 2010, the chemical composition of banana stem 

were moisture content 96%, cellulose 39.12%, holocellulose 72.71%, extracts 3.05%, which 

were higher than the results in the study, and for the klason lignin 8.88% which was lower. 

The hemicellulose fraction shown was estimated by calculation. 
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Table 2.1: Chemical composition of banana rachis fibre (The percentage of the dry 

weight of the banana rachis fibre) 

 
Constituent Content (%) 

Water content 92.21 

Fibre yield  8.4 

Extractives (lipids) 2.7 

Cellulose 30.3 

Holocellulose 23.2 

Lignin 15.0 

Hemicellulose 20.4 

 
1Hemicellulose was calculated by subtracting cellulose content from the holocellulose value                                                                                             
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2.5. Conclusion 

 

1. Locally available banana rachis fibre had a water content of 92.21% and the fibre yield 

percentage of 8.4%.  

 

2. Lignocelluloses usually contain around 40% cellulose so comparing to what is obtained 

the cellulose is lower 30.3% but also acceptable. 

             

3. Hemicellulose obtained was 20.4%, which is higher than 20% of hemicellulose expected 

to be obtained. The content of extractives in banana rachis fibre was 2.69%, which is lower 

and good for the adsorbent usage. The holocellulose was 23.2%.  

 

4. The Klason lignin obtained from the banana rachis fibre was 15% which is lower than 20-

30% of lignin expected to be obtained.  
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                                            CHAPTER 3 
 

3. Equilibrium and isotherm studies for different adsorbents 

(banana rachis fibre, chitosan, alpha cellulose, and activated 

carbon) 

   

3.1. Chapter Summary 
 

Adsorption is an important technique because of its simplicity and high efficiency, as well as 

the availability of a wide range of adsorbents. It has proven to be an effective method for 

removal of different dyes from waste materials. The sorption activity as determined at a low 

concentration of 50 mg/l CBB dye was as follows: 17.52% for alpha cellulose, 12.76% for 

activated carbon, 5.88% for banana rachis fibre, 0.56% for chitosan. At the higher 

concentration (800 mg/l), the highest sorption activity was 88.60% for activated carbon, 35.71 

for alpha cellulose, 17.87% for banana rachis fibre, and 8.70% for chitosan. The effect of the 

adsorbents dosage (1, 1.5, 2, 2.5, and 3 g/l) on decolourization of the CBB G-250 dye at the 

lower concentration (50 mg/l) was tested. At the adsorbents dosage of 3 g/l, the highest level 

was 84.4% for activated carbon, followed by 65.5% for banana rachis fibre, 56.3% for chitosan; 

and lastly 50% for alpha cellulose. At the high concentration (800 mg/l), the highest activity 

was 79.3% for activated carbon, followed by 33.7% for chitosan, 28.1% for alpha cellulose, 

and lastly 19.5% for banana rachis fibre. The highest capacity of adsorption of CBB G-250 

dye recorded using different adsorbents determined by isotherm studies at an equilibrium 

concentration at 30 oC and pH 6.59 - 6.71 were: chitosan 32.60 mg/g, banana rachis fibre 

35.87 mg/g, alpha cellulose 39.13 mg/g, and activated carbon 48.07 mg/g. The adsorption 

isotherms with activated carbon, alpha cellulose, banana rachis fibre, and chitosan can be 

described better by the Langmuir model with correlation coefficients (R2 = 0.9984, 0.998, 

0.9661, and 0.9474, respectively) than the corresponding Freundlich correlation coefficients. 

However, banana rachis fibre, activated carbon, alpha cellulose and chitosan were also 

explained by the Freundlich correlation coefficients (R2 = 0.9866, 0.9542, 0.9449, and 0.9387, 

respectively) since they did not differ much from the corresponding Langmuir values.  

 

Keywords: Coomassie brilliant blue, Adsorption, Standard curve, Isotherms.   
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3.2. Introduction 

 

Many industries outlets especially textiles, paper, plastics, leather, food, cosmetics, etc., use 

dyes to colour their final products. Removal of dyes from effluents is environmentally important 

and that is where adsorption can play a role as an efficient method for the removal of dyes. 

These experiments were designed to determine the concentration of the dye, the effect of 

concentration of dye as well as adsorbent dosages on the adsorption process, the equilibrium 

time for CBB dye adsorption followed by the sorption capacity determination of the materials 

(banana rachis fiber, alpha cellulose, chitosan, and activated carbon) for the CBB G-250 dye 

(Bradford Protein Assay, 2018).  

 

The effect of the different adsorbents (chitosan, alpha cellulose, banana rachis fibre, and 

activated carbon) dosages (1, 1.5, 2, 2.5, and 3 g/l) on decolourization of the CBB G-250 dye 

were investigated. The capacity of adsorption of CBB G-250 dye using different adsorbents 

(chitosan, alpha cellulose, banana rachis fibre, and activated carbon) were determined by 

isotherm studies at an equilibrium concentration. Langmuir and Freundlich adsorption 

isotherms were used to investigate the relationship between the concentration of sorbed 

species and the sorption capacity of adsorbents (chitosan, alpha cellulose, banana rachis 

fibre, and activated carbon) for CBB dye after dye adsorption equilibrium was attained.  

 

3.3. Materials and Methods 

 

3.3.1. Dye stock solution and construction of a standard CBB G-250 dye curve 

 

A stock solution of 800 mg/l was prepared by dissolving the required amount of dye (0.8 g) in 

distilled water using a one liter volumetric flask to which was added 6 drops of absolute ethanol 

to facilitate dissolution of the dye. Distilled water was added until the meniscus reached the 

mark. The solution was mixed well. A number of standards was prepared from the stock 

solution by accurate serial dilutions using automatic pipette. The dye stock solution was stored 

in a dark place and the standards were prepared fresh each time the experiment is carried 

out. A calibration curve was drawn by measuring the absorbance of each dilution at a 

wavelength of 600 nm (wavelength at which maximum adsorption was obtained) was plotted 

(Bradford, 1976). Adsorption as a function of known dye concentration for each dye solution 

using a spectrophotometer operated at 600 nm was plotted (Bradford, 1976). 
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3.3.2. Dye adsorption assessment methodology  

 

Amount of 1, 1.5, 2, 2.5, and 3 g/l of the powered rachis fibre, alpha cellulose, chitosan, and 

activated carbon were added to separate conical flasks, respectively, which contained 150 ml 

CBB dye. The replicate samples containing 1, 1.5, 2, 2.5, and 3 g/l of the powered rachis fibre, 

alpha cellulose, chitosan, and activated carbon were prepared. Each adsorbent dosage 

mentioned above was tested using a concentration series of dye from 50 mg/l up to 800 mg/l. 

The flasks were agitated at 150 rpm at 30 0C on an incubator shaker. Samples were drawn 

after 80 minutes and centrifuged at 3500 rpm for 10 minutes. Samples were diluted with 

distilled water (2:3 μl, sample:distilled water) and the absorption read at 600 nm. A graph of 

decolourisation of dye (%) against dosage of adsorbents (g/l) was constructed and used to 

determine the percentage of decolourisation of dye. The percentage decolourisation of dye 

was calculated using equation (1) (Forootanfar et al., 2016):  

 

Percentage of decolourisation = [(Ai – At)/ Ai] x 100%                                   (1) 

where Ai is the initial absorbance of the dye and At is the absorbance of the dye at any time 

interval in aqueous solution.  

 

3.3.3. Equilibrium time sorption experiments 

 

Amount of 3 g/l of the powered rachis fibre, alpha cellulose, chitosan, and activated carbon 

were added to separate conical flasks, which contained 150 ml CBB dye. The adsorbent 

dosage mentioned above was tested using various concentration of dye, 50 mg/l and 800 

mg/l. The flasks were agitated at 150 rpm at 30 0C on an incubator shaker. The replicate 

samples containing 3 g/l of the powered rachis fibre, alpha cellulose, chitosan, and activated 

carbon were prepared. Samples were drawn at regular time intervals (0, 5, 10, 15, 20, 25, 30, 

35, 40, 45, 50, 60, 80 minutes) and centrifuged at 3500 rpm for 10 minutes (Ata et al., 2012). 

Samples were diluted and the absorption read at 600 nm. A graph of absorption against time 

was constructed and used to determine the time taken to reach equilibrium. Equilibrium was 

attained when no significant changes in absorbance readings were observed over time. 
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3.3.4. Adsorption Isotherm Studies 
 

3.3.4.1. Equilibrium studies 

 

The amount of dye sorbed at equilibrium per unit mass, qe (mg/g) was calculated as shown 

below: 

 

qe = (C0 – Ce) x V/W                                                                                 (2) 

where C0 and Ce (mg/l) are the liquid-phase concentrations of CBB at initial and equilibrium, 

respectively. V (in litres) is the volume of the solution and W (g) is the mass of dry sorbent 

used (Gupta et al., 2004). 

 

3.3.4.2. Langmuir and Freundlich isotherms 

 

The adsorption of Coomassie Brilliant Blue on rachis banana fibres, alpha cellulose, chitosan, 

and activated carbon were studied separately as a function of different CBB concentrations, 

100 mg/l, 200 mg/l, 400 mg/l and 800 mg/l. All other parameters were are kept constant, 

namely: shaking time (80 minutes) and sorbent concentration (3 g/l). A volume of 150 ml of 

CBB (100 mg/l, 200 mg/l, 400 mg/l and 800 mg/l) solution was agitated with 3 g/l of different 

samples separately until equilibrium was reached on a shaker. After equilibrium was reached, 

the samples were centrifuged.  

 

The replicate samples containing 3 g/l of rachis fibres, alpha cellulose, chitosan, and activated 

carbon were prepared. Samples were diluted and the absorption read at 600 nm. Langmuir 

and Freundlich, adsorption isotherms were used to investigate the relationship between the 

concentration of sorbed species and the sorption capacity of banana rachis fibre, alpha 

cellulose, chitosan, and activated carbon for CBB dye. The experimental data were used to 

graph the Langmuir, and Freundlich equilibrium models. The applicability and suitability of 

applying the linearized isotherm models to the data were compared by evaluating the values 

of the Langmuir and Freundlich correlation coefficients (R2) in each case, (Abdel-Ghani et al., 

2017). The highest value of R2 to indicates the more correct model. The two tested model 

equations are summarized in Table 3.1. 
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Table 3.1: The equilibrium models equations 

 

Model Equation Parameters 

Langmuir Ce/ qe = 1/ b qmax + 

Ceq/ qmax 

qmax is the amount of dye 
adsorbed per unit mass of 

adsorbent (mg/g) 
b is the Langmuir constant 

related to the adsorption 
capacity (L/g) 
Ce is the concentration of 

adsorbate in the solution at 
equilibrium (mg/L) 

qm is the maximum uptake per 
unit mass of carbon (mg/g) 

(Abdel-Ghani et al., 2017).  

Freundlich In qe = In Kf  + (1/n) 

In Ce 

Ce and have the same meaning 
as in the Langmuir isotherm 
Kf is the Freundlich constant. 

n is the empirical parameter 
representing the energetic 

heterogeneity of the adsorption 
sites (Hameed et al., 2008b).

   

 

3.4. Results and Discussions 

 

3.4.1. Adsorption Equilibrium and Isotherm studies 

 

3.4.1.1. Standard CBB G-250 dye curve 
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Figure 3.1: The standard curve of CBB G-250 dye at a concentration of 800 mg/l 
A linear relationship between absorbance and concentrations (Figure 3.1). Samples were diluted 25 
times before adsorption values were taken. Therefore, the absorbance is directly dependent on the 

concentration of the dye. The standard curve would be used to calculate the subsequent experiments. 
It was constructed using averages of duplicate adsorption values. 

  

The concentration of dye was calculated using the formula obtained by linear regression 

analysis from the standard straight line graph above as follows:  

Y = mx + c (straight line equation) 

Y = 0.0205x – 0.2443 

where ‘y’ indicates absorbance of samples at 600 nm and ‘x’ indicates concentration of dye in 

mg/l. 
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3.4.2. Effect of the various adsorbent dosage on decolourization of the CBB G-250 dye  

 

                    A 50 mg/l                                                     B 800 mg/l   
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Figure 3.2: Effect of adsorbent dosage on decolourisation of CBB G-250 dye (%) using various 
adsorbents A. 50 mg/l and B. 800 mg/l 

The effect of various adsorbents dosage on decolourisation of CBB G-250 dye (%), Figure A. adsorption 
at a low concentration of 50 mg/l. Figure B. adsorption using concentration of 800 mg/l using different 

adsorbents (alpha cellulose, chitosan, banana rachis fibre, and activated carbon) dosages after 80 
minutes, 30 0C, and pH 6.59 - 6.71 and 1, 1.5, 2, 2.5, 3 g/l adsorbents dosages (Figure 3.2 A and B). 
The figure 3.2 A and B shows the adsorption of CBB G-250 dye (%) reading over (against) different 

dosage of adsorbents during sorption experiments as indicated above. 

  

Low concentration (50 mg/l) of CBB G-250 dye 

 

Percentage of the decolourisation (alpha cellulose)  

The low concentration is represented by 50 mg/l. A i represents Initial absorbance of the dye 

and At represents absorbance of the dye at any interval at the adsorbents dosages of 1, 1.5, 

2, 2.5, 3 g/l. 

 

Decolourization (%) =   Ai – At 

                                    ………….      x   100% 

    Dosages of 

adsorbents (g/l) 
Dosages of 

adsorbents (g/l) 

Banana rachis fibre 

Banana 

rachis fibre 
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                                         Ai   

                                   = 0.032 – 0.016 

                                      ……………        x 100% 

                                          0.032  

                                   = 50% 

The percentage of the decolourization for alpha cellulose at a dosage of 3 g/l was 50%. 

 

Decolourization (%) = Ai – At 

                                   ………..    x   100% 

                                       Ai  

                                  = 0.032 – 0.020 

                                    ………………...  x 100% 

                                           0.032 

                                  = 37.5% 

The percentage of the decolourization for alpha cellulose at a dosage of 2.5 g/l was 37.5%. 

 

Decolourization (%) = Ai – At 

                                  ……………    x 100% 

                                     Ai  

                                 = 0.032 – 0.025 

                                    ……………….   x   100% 

                                         0.032 

                                  = 21.9% 

The percentage of the decolourization for alpha cellulose at a dosage of 2 g/l was 21.9%. 

 

Decolourization (%) = Ai – At 
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                                  …………..  x 100% 

                                        Ai 

                                   = 0.032- 0.027 

                                   ………………… x 100% 

                                         0.032 

                                   = 15.6% 

The percentage of the decolourization for alpha cellulose at a dosage of 1.5 g/l was 1.6%. 

 

Decolourization (%) = Ai – At 

                                   ………..  x 100% 

                                     Ai 

                                  = 0.032 – 0.029 

                                     ………………… x 100% 

                                             0.032 

                                  = 9.4% 

The percentage of the decolourization for alpha cellulose at a dosage of 1 g/l was 9.4%. 

 

The equation to calculate the percentage of the decolourization of the CBB G-250 dye for the 

alpha cellulose at the dosages of 3, 2.5, 2,1.5, and 1 g/l is similar to the calculations for the 

other adsorbents (chitosan, banana rachis fibre, and activated carbon) their calculations are 

found in the Appendix section, respectively, were performed similarly as shown above. 

 

The decolourization of CBB G-250 dye by adsorption on alpha cellulose, chitosan, activated 

carbon and banana rachis fibre was found to increase with the adsorbent dose/charge and 

attained at over 80 minutes testing time period. At the lower concentration (50 mg/l) the 

percentage decolourization of the CBB G-250 dye increases from 9.4 to 50.0% alpha 

cellulose, 15.6 to 56.3% for chitosan, 21.9 to 65.6% for banana rachis fibre, and 31.6 to 84.4% 

for activated carbon. For the batch adsorption experiments on alpha cellulose, chitosan, 

activated carbon, and banana rachis fibre, the effect of adsorbent dosage on the CBB G-250 
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dye adsorption by alpha cellulose, chitosan, activated carbon, and banana rachis fibre were 

examined.  

 

Significant variations in the uptake capacity and removal efficiency are observed at different 

adsorbent dosages (1, 1.5, 2, 2.5, 3 g/l) indicating that the highest concentration tested is 

obtained with an adsorbent dosage of (3 g/l) (Figure 3.2 A and B). The reason for the apparent 

systematic dip at 2g/l is to check the removal of CBB G-250 dye at different adsorbent 

dosages, the more the adsorbent dosages increase the more the dye is removed. This result 

was expected because the removal efficiency is generally increased by the fact that the more 

mass available, the more the contact surface offered to the adsorbent. 

 

High concentration (800 mg/l) of CBB G-250 dye 

 

The equation to calculate the percentage of the decolourisation of the CBB G-250 dye (800 

mg/l) for the alpha cellulose, chitosan, activated carbon and banana rachis fibre at the dosages 

of 3, 2.5, 2,1.5, and 1 g/l is similar to the calculations for the other adsorbents (alpha cellulose, 

chitosan, activated carbon, and banana rachis fibre) their calculations are found in the 

Appendix section, respectively were performed similarly as shown on the low concentration 

(50 mg/l) of CBB G-250 dye above. 

 

At a high concentration CBB G-250 dye (800 mg/l) using a absorbent dosage of 3 g/l, the 

percentage decolourization at equilibrium also decreased compared to low concentration (50 

mg/l) tested from 28.1 to 50.0% for alpha cellulose dosage, 33.7 to 56.3% for chitosan, 19.5 

to 65.6% for banana rachis fibre, and 79.3 to 84.4% for activated carbon. As the low 

concentration (50 mg/l) of Coomassie Brilliant Blue dye was increased, the absorbance 

efficiency was decreased (Figure 3.2 A and B).  

 

This may be due to the fact that at lower concentrations almost all the dye molecules were 

adsorbed very quickly on the outer surface, but further increases in the low CBB G-250 dye 

concentrations led to fast saturation of the adsorbents (alpha cellulose, chitosan, banana 

rachis fibre, and activated carbon) surface, and thus most of the dye adsorption apparently 

took place slowly inside the pores (Hameed and EI-Khaiary, 2008: Khaleque and Roy, 2016). 

For the batch adsorption experiments on alpha cellulose, chitosan, banana rachis fibre, and 
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activated carbon, the effect of adsorbent dosage on the CBB G-250 dye adsorption were 

examined.  

 

Significant variations in the uptake capacity and removal efficiency are observed at different 

adsorbent dosages (1 to 3 g/l). This would indicate that the highest concentration tested is 

obtained with an adsorbent dosage of 3 g/l (Figure 3.2 A and B). It was observed that as the 

dosage of adsorbent was increased, the removal efficiency became higher (Figure 3.2 A and 

B). Increase in the removal efficiency of Coomassie brilliant blue dye with the increased 

amount of adsorbent dose is due to the increased surface area and the availability of additional 

adsorption sites (Khaleque and Roy, 2016). The percentage of decolourisation of alpha 

cellulose, chitosan, banana rachis fibre, and activated carbon at an initial concentration (50 

mg/l) and highest concentration (800 mg/l) are shown in Table 3.2. 

 

Table 3.2: The percentage of decolourisation of different adsorbents at different 

concentrations 

 

Adsorbents Percentage  

decolourisation (%) 

Initial concentration (50 mg/l) Highest concentration (800 mg/l) 

Dosages (g) 1 1.5 2 2.5 3 1 1.5 2 2.5 3 

Alpha cellulose 9.4 15.6 21.9 37.5 50 5.3 8.7 11.1 15.1 28.1 

Chitosan 15.6 21.9 37.5 46.9 56.3 21.0 28.3 29.1 32.3 33.7 

Banana rachis fibre 21.9 37.5 40.6 50 65.6 6.6 12.7  16.5 17.2 19.5 

Activated carbon 31.6 40.6 46.9 68.8 84.4 66.8 70.2 74.3 76.8 79.3 
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3.4.3. Equilibrium time sorption experiments 

 

                    A 50 mg/l                                                                     B 800 mg/l 

 

                                
 

 

Figure 3.3: Effect of contact time on adsorption of the CBB G-250 dye (A. 50 mg/l and B. 800 

mg/l) using various adsorbents 

Figure 3.3 A. shows adsorption at an initial concentration of 50 mg/l CBB, while Figure 3.3 B. Adsorption 

using a concentration of 800 mg/l CBB, for various adsorbents (activated carbon, cellulose, banana 

rachis fibre and chitosan) after 80 minutes, 30 oC, and pH 6.59 - 6.71 and 3 g/l adsorbent dosage. The 

figures (3.3 A and B) below shows the absorbance reading over time obtained during sorption 

experiments conducted with the sorbents indicated above.  

 

The adsorption at an initial concentration of 50 mg/l CBB using various adsorbents (cellulose, 

chitosan, banana rachis fiber and activated carbon) was very slow, the equilibrium was not yet 

reached (Figure 3.3 A). As stated by Gabelman, (2017), the adsorption process is exothermic, 

the temperature significantly affects the amount of adsorbate absorbed. Based on Le 

Chatelier’s principle, operation of exothermic processes at higher temperature favors 

conditions that evolve less heat. The temperature 30 oC which was used here at this study 

was high, because at a given pressure, the amount of adsorbate adsorbed at equilibrium 

decreases with increasing temperature which leads to the equilibrium not yet reached. For this 

reason, adsorption processes are usually operated at room temperature. 
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Concentration tested initially (50 mg/l) 

 

After about 45 minutes and 50 minutes the data presented in Figure. 3.3 A. shows that 

equilibrium was not yet reached. Absorbance of dye after 45 minutes using alpha cellulose 

and banana rachis fibre and 50 minutes using chitosan and activated carbon. The sorption 

activity of the dye by the adsorbents is calculated below:  

 

Absorbance = 0.0205x - 0.24443 

 

Therefore: X (Concentration of the CBB G-250 dye) = Absorption + 0.2443 

                                                                                      ----------------------------- 

                                                                                                  0.0205 

                                                                                     = (0.022 x 25) + 0.2443 

                                                                                      ------------------------------ 

                                                                                                   0.0205 

                                                                                       = 38.75 mg/l  

The concentration of dye at equilibrium (Ce) is therefore 38.75 mg/l for the alpha cellulose. 

 

The equation to calculate the percentage sorption activity of the alpha cellulose is: 

 

% Sorption activity = C0 – Ce 

                                   ------------ X 100 

                                        C0 

where C0 is the initial dye concentration and Ce is the dye concentration at equilibrium. 

Therefore,  

 

% Sorption activity = 50 mg/l – 38.75 mg/l 

                                  ------------------------------ x 100 

                                              50 mg/l 

                                   = 22.5% 

The percentage sorption activity of alpha cellulose is therefore 22.5%. 

 

The equation to calculate the percentage sorption activity of the alpha cellulose is similar to 

the calculations for the other adsorbents (activated carbon, banana rachis fibre, and chitosan) 

their calculations are found in the Appendix section, and were performed similarly as shown 

above. 
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Highest concentration of dye tested during adsorption experiments (800 mg/l) 

  

After about 45 minutes (alpha cellulose and banana rachis fibre) and 50 minutes (chitosan 

and activated carbon), Figure 3.3 B. shows that equilibrium was reached. The value can be 

substituted in the equation derived from the CBB standard curve. 

 

Absorbance = 0.0205x – 0.2443  

 

Therefore: X (Concentration of the CBB G-250 dye) = Absorption + 0.2443 

                                                                                     ------------------------------ 

                                                                                               0.0205 

 

 

                                                                                      = (0.065 x 25) + 0.2443 

                                                                                         ----------------------------- 

                                                                                                  0.0205 

                                                                                       = 91.19 mg/l 

The concentration of dye at equilibrium (Ce) is therefore 91.19 mg/l for the activated carbon. 

 

The equation to calculate the percentage sorption activity of activated carbon is:  

 

% Sorption activity = C0 – Ce 

                                  ----------- x 100  

                                       C0  

where C0 is the initial dye concentration and Ce is the dye concentration at equilibrium.  

 

Therefore,  

 

% Sorption activity = 800 mg/l – 91.18 mg/l 

                                    --------------------------------- x 100 

                                               800 mg/l 

 

                                 = 88.60% 

The percentage sorption activity of activated carbon is therefore 88.60%. 
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The equation to calculate the percentage sorption activity of the activated carbon is similar to 

the calculations for the other adsorbents (alpha cellulose, banana rachis fibre, and chitosan) 

their calculations are found in the Appendix section, and were performed similarly as show 

above. 

                                            

The percentage sorption activity of CBB G-250 dye increases with time and attains a maximum 

value after 45 minutes and 50 minutes and thereafter, it reaches a constant value indicating 

that no more CBB G-250 dye is removed from the solution. Therefore, changing the initial 

concentration of dye from 50 to 800 mg/l, the adsorbed amount increases from 0.56% to 

11.77% for chitosan, 12.76% to 17.87% for banana fibre, 22.5% to 35.71% for alpha cellulose, 

17.62% to 88.60% for activated carbon.  

 

This may be attributed to an increase in the driving force of the concentration gradient with 

increasing the initial basic dye concentration in order to overcome the mass transfer resistance 

of CBB G-250 dye between the aqueous and solid phases (Moussa et al., 2015). The 

percentage of sorption activity (%) of different adsorbents at lowest concentration (50 mg/l) 

and highest concentration (800 mg/l) are shown in Table 3.3. 

 
Table 3.3: Percentage sorption activity and equilibrium (Ce) of adsorbents at the lowest 

and highest CBB dye concentrations used 

 
Adsorbents Sorption activity 

(%) 
 Equilibrium 

concentration Ce 

(mg/l) 

 

 Low 
concentration 

High 
concentration 

Low 
concentration 

High 

concentration 

Chitosan 0.56 11.77 49.72 705.82 

Banana rachis 

fibre 

12.76 17.87 43.62 657.0 

Activated carbon 17.62 88.60 41.19 91.91 

Alpha cellulose 22.50 35.71 43.62 514.36 

 

3.4.4. Isotherm studies 

 

From the results obtained following isotherm studies the capacity of adsorption of CBB G-250 

dye using chitosan, were calculated as follows (for chitosan): The equation to calculate the 

capacity of adsorption of CBB G-250 dye at different concentrations 100, 200, 400, and 800 

mg/l for the chitosan at the dosage of 3 g/l is similar to the calculations for the other adsorbents 
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(alpha cellulose, banana rachis fibre, and activated carbon) their calculation are found in the 

Appendix section, and were performed similarly as shown below. 

 

 

1. qe for 100 mg/l 

qe = (C0 – Ce) x V/W 

    = (100 – 69) x (2/6) 

    = 10.33 mg/g 

 

2. qe for 200 mg/l 

 

qe = (C0 – Ce) x V/W 

    = (200 – 158.3) x (0.3333) 

    = 13.90 mg/g 

 

3. qe for 400 mg/l 

 

qe = (C0 – Ce) x V/W 

    = (400 – 31.0) x (0.3333) 

    = 27.33 mg/g 

 

4. qe for 800 mg/l 

 

qe = (C0 – Ce) x V/W 

     = (800 – 702.2) x (0.3333) 

     = 32.60 mg/g 
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                                            A                                                                       B 

 

 

 

                                            C                                                                  D 

  

 

Figure 3.4: Adsorption isotherm of CBB G-250 dye (800 mg/l), qe (capacity of sorbent) versus Ce 
(Equilibrium dye concentration) using various adsorbents A. Chitosan, B. Alpha cellulose, C. 

Banana rachis fibre, and D. Activated carbon  
The capacity of adsorption of CBB G-250 dye (800 mg/l) using various adsorbents (chitosan and 
activated carbon) after 50 minutes and also for various adsorbents (alpha cellulose and banana rachis 

fibre) after 45 minutes, 30 oC, pH 6.59 - 6.71 and 3 g/l adsorbent dosage, when equilibrium was reached 
as was already determined previously (Figure 3.4 A to D). It reached saturation point at a CBB dye 

concentration of 702.2, 682.6, 692.4, and 655.8 mg/l for chitosan, alpha cellulose, banana rachis fibre 
and activated carbon, respectively, expect for the alpha cellulose it didn’t reach the saturation. At this 

concentration (702.2, 682.6, 692.4, and 655.8 mg/l) the chitosan, alpha cellulose banana rachis fibre 
and activated carbon, respectively, adsorption reached the point where less and less CBB G-250 dye 
is further removed from the solution as initial dye concentration levels increases.  
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The capacity of adsorption of CBB G-250 dye using chitosan, alpha cellulose, banana rachis 

fibre, and activated carbon was found to increase with time and approach a constant value at 

45 minutes (Figure 3.4 A to D). On changing the initial concentration of CBB G-250 dye 

solution from 100 to 800 mg/l, the amount adsorbed increased from 10.33 to 32.60 mg/g for 

chitosan, 7.40 to 39.13 mg/g for alpha cellulose, 11.07 to 35.87 mg/g for banana rachis fibre, 

and 14.73 to 48.07 mg/g for activated carbon. Activated carbon seems to be having a higher 

capacity of adsorption followed by banana rachis fibre, alpha cellulose, and chitosan (Santhi 

et al., 2011).  The capacity of adsorption of CBB G-250 dye using different adsorbents at an 

equilibrium concentration is shown in Table 3.4. 

  

Table 3.4: The capacity of adsorption of CBB G-250 dye using different adsorbents at 

an equilibrium concentration 

 

Adsorbents Capacity of adsorption of CBB 
G-250 dye (mg/g) 

Equilibrium concentration Ce 

(mg/l) 

Concentrations (mg/l) 100 200 400 800 100 200 400 800 

Chitosan 10.33 13.90 27.33 32.60 69 158.3 318.0 702.2 

Alpha cellulose  7.40 13.9 24.90 39.13 77.8 158.3 325.3 682.6 

Banana rachis fibre 11.07 17.97 23.67 35.87 66.8 146.1 329 692.4 

Activated carbon 14.73 26.50 37.17 48.07 55.8 120.5 288.5 655.8 

 

3.4.5. Langmuir and Freundlich isotherms 

  

Two isotherm equations are tested in this work. One is the Langmuir and the Freundlich 

equations are commonly used for the describing adsorption equilibrium of adsorbate onto the 

adsorbent. The Langmuir isotherm is applicable to monolayer chemisorptions while Freundlich 

isotherm is used to describe adsorption on surface having heterogeneous energy distribution 

(Gupta et al., 2011) (Figure 3.5 A to D, Figure 3.6 A to D). 

 

Under the conditions tested in this work the following results were obtained for the Langmuir 

model in batch experiments. 
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                              A                                                                   B   

 

  

               

                                        C                                                                 D 

 

 

Figure 3.5: Linearised version of Langmuir isotherm of various adsorbents A. Chitosan, B. Alpha 

cellulose, C. Banana rachis fibre, and D. Activated carbon 
The adsorption of CBB G-250 dye using various adsorbents (chitosan and activated carbon) after 50 

minutes and also using various adsorbents (alpha cellulose and banana rachis fibre) after 45 minutes, 
30 oC, pH 6.59 – 6.71 and 3 g/l adsorbent dosage (Figure 3.5 A to D).  

 

To investigate the fitting of Langmuir model for the equilibrium data of CBB G-250 dye sorption 

a linearized form of the model was employed. The correlation coefficient was found to be 

0.9474, 0.998, 0.9661, and 0.9984 for chitosan, alpha cellulose, banana rachis fibre and 

activated carbon, respectively, indicating that the data was fitted well using the Langmuir 
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model. It is observed that the activated carbon linearized Langmuir isotherm showed higher 

value of correlation coefficient (R2 = 0.9984) than that of the other three linearized Langmuir 

isotherm.   

 

The closer the value is to 1, the better the fit, or relationship, between the two factors. The 

goodness of fit, or the degree of linear correlation, measures the distance between a fitted line 

on a graph and all the data points that are scattered around the graph. A good fit has an R2 

that is close to 1 (www.investopedia.com /terms/C/coefficient – of – determination. Asp). From 

the Langmuir plot, capacity of adsorption was found to be 32.60, 39.13, 35.87, and 48.7 mg/g 

for chitosan, alpha cellulose, banana rachis fibre, and activated carbon, respectively. A  plot of 

1/qe versus 1/Ce gives b and qmax if the isotherm follows the Langmuir equation (Annadurai et 

al., 2002) (Figure 3.5 A to D). 

 

Under the conditions tested in this work the following results were obtained for the Freundlich 

model in batch experiments. 
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                                          A                                                                         B  

  

 

                                        

                                       C                                                                       D 

 

 

Figure 3.6: Freundlich isotherm of various adsorbents A. Chitosan, B. Alpha cellulose, C. 

Banana rachis fibre, and D. Activated carbon 
The adsorption isotherm of CBB G-250 dye using various adsorbents (chitosan and activated carbon) 
after 50 minutes and also using various adsorbents (alpha cellulose and banana rachis fibre) after 45 

minutes, 30 oC, pH 6.59 – 6.71 and 3 g/l adsorbent dosage (Figure 3.6 A to D).  

 

The correlation coefficient was found to be 0.9387, 0.9449, 0.9866, and 0.9542 for chitosan, 

alpha cellulose, banana rachis fibre and activated carbon, respectively, indicating that the data 

was fitted well using the Freundlich model (Figure 3.6 A and B). It is observed that the banana 

rachis fibre Freundlich isotherm showed higher value of correlation coefficient (R2 = 0.9866) 
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than that of the other three Freundlich isotherm.  The intercept Kf obtained from plot of log qe 

versus log Ce is roughly a measure of the sorption capacity and the slope (1/n) of the sorption 

intensity. It was indicated magnitude of the term (1/n) gives an indication of the favorability 

and capacity of the adsorbent/adsorbate systems (Annadurai et al., 2002) (Figure 3.6 A to D). 

 

The adsorbents (chitosan, alpha cellulose, banana rachis fibre, and activated carbon) 

calculations for Langmuir and Freundlich isotherm parameters values are as follows: The 

equations to calculate the Langmuir and Freundlich isotherm parameters of CBB G-250 dye 

at different concentrations 100, 200, 400, and 800 mg/l for the chitosan at the dosage of 3 g/l 

is similar to the calculations for the other adsorbents (alpha cellulose, banana rachis fibre, and 

activated carbon) were performed similarly as shown below. 

 

Isotherm calculation methodology for Chitosan 

 

Calculations for the Langmuir isotherm of chitosan proceeded as shown below: 

 

R2 = 0.9474 

Y = 0.0217x + 6.0335 (Equation chitosan (A). Figure 3.5) 

Where according to the Langmuir equation given in Table 2 the following holds: 

For the qmax value: 

1/qmax = 0.0217 and taking the inverse yields: 

 qmax = 46.08  

Furthermore, from the Langmuir equation given below: 

 

Ce/qe = 1/b.qmax + Ceq/qmax 

For the b value: 

1

𝑏.𝑞𝑚𝑎𝑥
    = 6.0335 

Take the inverse: 
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b.qmax = 0.1657 

b = 0.1657/qmax 

b = 0.1657/46.08  

b = 3.60 

 

Calculations for the Freundlich isotherm of chitosan proceeded as shown below:  

 

R2 = 0.9387 

Y = 0.5318x + 0.0684 (Equation chitosan (A). Figure 3.6) Experimental data 

Below is given the linear form of the Freundlich equation: 

 

In qe = In Kf + (1/n) In Ce 

So that 1/n = 0.5318 from (Equation chitosan (A). Figure 3.6), take inverse: 

n = 1.88 

Also: 

 ln Kf = 0.0684 

𝑒0.0684 = 1.07 = Kf      

 

The Langmuir and Freundlich adsorption isotherm constants for the adsorption of CBB G-250 

dye on chitosan, alpha cellulose, banana rachis fibre, and activated carbon is shown in Table 

3.5. 
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Table 3.5: Langmuir and Freundlich isotherm constants for the adsorption of CBB G-

250 dye on various adsorbents 

 

Equilibrium 

model 

Adsorbents Correlation 

coeffients (R2) 

Parameters Values 

Langmuir 

isotherm 

1. Chitosan 0.9474 b (l/mg) 1. 3.60 

2. 1.21 

3. 3.97 

4. 5.99 

 2. Alpha 

cellulose 

0.998   

 3. Banana 

rachis 

fibre 

0.9661 qmax (mg/g) 1. 46.08 

2. 86.96 

3. 47.39 

4. 60.24 

 4. Activated 

carbon 

0.9984   

Freundlich 

isotherm 

1. Chitosan 0.9387 Kf (l/g) 1. 1.07 

2. 2.62 

3. 1.49 

4. 2.51 

 2. Alpha 

cellulose 

0.9449   

 3. Banana 

rachis 

fibre 

0.9866 N 1. 1.88 

2. 1.42 

3. 2.06 

4. 2.15 

 4. Activated 

carbon 

0.9542   

 

R2 Correlation coefficient 

b Empirical constant, indicating the affinity of sorbent towards the sorbate 

qmax Maximum possible amount of dye that can be adsorbed per unit dry weight of sorbent.  

Kf Empirical constant, indicates the adsorption capacity of the sorbent  

n Constant indicating the intensity of adsorption   

 



 

51 
 

Comparing the adsorption isotherm of banana rachis fibre with the apricot stones activated 

carbon, wheat bran, and the coir pith an agricultural waste products (agricultural biosorbent), 

can be described better by the Langmuir model and Freundlich model, correlation coefficient 

R2 (0.9661, 0.96, 0.9735,  and 0.9080) and (0.9866, 0.99, 0.9406, and 0.9828), respectively 

(Prasad et al., 2008; Ata et al., 2012; Moussa et al., 2014) (Table 3.5).  

 

By comparing the data obtained from the two studied equilibrium models, it can be concluded 

that in our study the adsorption of coomassie brilliant blue onto banana rachis fibre is best 

described in terms of the Langmuir isotherm model followed by the Freundlich isotherm model. 

From the equilibrium studies, it can be concluded that the Langmuir model is the best model 

for describing the adsorption of Coomasie dye by banana rachis fibre. The applicability of the 

Langmuir model suggests that the adsorption surface is applicable to monolayer 

chemisorptions (Gupta et al., 2011). Our results are in agreement with the results of Ata et al. 

(2012) and Moussa et al. (2014) who also have reported the suitability of the Langmuir model 

to describe the adsorption of brilliant blue dye by different adsorbents.  

 

Evaluation by Langmuir model of activated carbon, followed by alpha cellulose, banana rachis 

fibre, apricot stones activated carbon, chitosan and wheat bran have been found to undergo 

favourable adsorption than the coir pith. Evaluation by Freundlich model of apricot stones 

activated carbon, followed by banana rachis fibre, coir pith, activated carbon, alpha cellulose, 

and wheat bran, have been found to undergo favourable adsorption than the chitosan (Moussa 

et al., 2014; Ata et al., 2012).  

 

Based on the correlation coefficient (R2) shown in Table 3.5, the adsorption isotherms with 

activated carbon, alpha cellulose, banana rachis fibre, and chitosan can be described better 

by the Langmuir, correlation coefficient R2 (0.9984, 0.998, 0.9661, and 0.9474, respectively) 

as bigger than the Freundlich correlation coefficient R2. Correlation coefficient R2 is the 

proportion of the variance in the dependent variable that is predictable from the independent 

variable(s). This means that Langmuir model is more applicable than Freundlich model. 

 

Comparing alpha cellulose, activated carbon, banana rachis fibre , chitosan, coir pith, apricot 

stones activated carbon, and  wheat bran the Langmuir plot, qmax = 86.96, 60.24, 47.39, 46.08, 

and 31.847, 10.09, 6.410 mg/g respectively and for the activated carbon, chitosan, wheat bran, 

banana rachis fibre, alpha cellulose, and coir pith, b = 5.99, 3.60, 3.502, 3.97, 1.21, and 0.0926 
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l/mg respectively (Prasad et al., 2008). The results showed that activated carbon, followed by 

banana rachis fibre, chitosan, and alpha cellulose were good adsorbents of the CBB G-250 

dye because the value of ‘n’ (2.15, 2.06, 1.88, and 1.42, respectively) were greater than 1. 

Comparing coir pith with the banana rachis fibre, the Freundlich isotherm best fitted the data 

with n = 2.8019 and 2.15 respectively and Kf = 6.438 and 1.49 respectively (Prasad et al., 

2008). According to Kadirvelu and Namasivayam (2000) n values between 1 and 10 

represents beneficial adsorption and thus the adsorption of dye on the adsorbents. The 

‘n’ value is a variable whose value when greater than one indicates good adsorbance activity. 

It comes from 1/n the exponent of non-linearity of the Freundlich adsorption isotherm (Gupta 

et al., 2011). 
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3.5. Conclusion 

 

1. Removal of dyes from effluents becomes environmentally important and that is where 

adsorption can play a role as an efficient method for the removal of dyes. Adsorption is an 

important technique because of its simplicity and high efficiency, as well as the availability of 

a wide range of adsorbents. It has proven to be an effective method for removal of different 

dyes from waste materials. 

 

2. The sorption activity as determined at a low concentration of 50 mg/l CBB dye was as 

follows: 17.52% for alpha cellulose, 12.76% for activated carbon, 5.88% for banana rachis 

fibre, 0.56% for chitosan. At the higher concentration (800 mg/l), the highest was 88.60% for 

activated carbon, 35.71% for alpha cellulose, 17.87% for banana rachis fibre, and 8.70% for 

chitosan. The effect of the adsorbents dosage (1, 1.5, 2, 2.5, and 3 g/l) on decolourization of 

the CBB G-250 dye at the lower concentration (50 mg/l) were tested. At the adsorbents dosage 

of 3 g/l, the highest level was 84.4% for activated carbon, followed by 65.5% for banana rachis 

fibre, 56.3% for chitosan; and lastly 50% for alpha cellulose.  

 

At the high concentration (800 mg/l), the highest activity was 79.3% for activated carbon, 

followed by 33.7% for chitosan, 28.1% for alpha cellulose, and lastly 19.5% for banana rachis 

fibre. As expected, the highest adsorption occurred with activated carbon under high loading 

conditions, it is used routinely for water treatment and was included in this study for 

benchmarking the decolourisation activities. Comparisons of the activated carbon and 

different adsorbents (banana rachis fibre, chitosan, and alpha cellulose) was made, the 

activated carbon seem to absorb the CBB G-250 dye at high concentration (800 mg/l) and the 

different adsorbents seem to absorb the CBB G-250 dye at initial concentration (50 mg/l). 

 

 

3.The highest capacity of adsorption of CBB G-250 dye recorded using different adsorbents 

determined by isotherm studies at an equilibrium concentration at 30 oC and pH 6.59 - 6.71 

were: chitosan 32.60 mg/g, banana rachis fibre 35.87 mg/g, alpha cellulose 39.13 mg/g, and 

activated carbon 48.07 mg/g. The adsorption isotherms with activated carbon, alpha cellulose, 

wheat bran, banana rachis fibre, apricot stones activated carbon, coir pith, and chitosan can 

be described better by the Langmuir model with correlation coefficients (R2: 0.9984, 0.998, 

0.9735, 0.9661, 0.96, 0.9080, and 0.9474, respectively) bigger than the corresponding 
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Freundlich correlation coefficients (Prasad et al., 2008; Ata et al., 2012; Moussa et al., 2014) 

(Table 3.5).  

 

By comparing the data, it can be concluded that in our study the adsorption of coomassie 

brilliant blue onto activated carbon is best described in terms of the Langmuir isotherm model 

followed by the Freundlich isotherm model. From the equilibrium studies, it can be concluded 

that the Langmuir model is the best model for describing the adsorption of Coomasie dye by 

activated carbon. This means that Langmuir model is more applicable than Freundlich model 

and adsorption occurred probably by CBB molecules forming a single layer of molecules on 

the adsorbents mentioned. The results based on Freundlich data, using the ‘n’ value (see 

page 50), showed that activated carbon, followed by banana rachis fibre, chitosan, and alpha 

cellulose were good adsorbents of the CBB G-250 dye. These were so because all values of 

‘n’ obtained for the different adsorbents sighted above (2.15, 2.06, 1.88, and 1.42) were 

greater than 1, suggesting a good adsorption capacity.   
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                                        CHAPTER 4 
 

4. Formulation and chemical analysis of composites (alpha 

cellulose/chitosan and banana rachis fibre/chitosan composites)  
 

4.1.    Chapter Summary 
 

Composites are defined as materials made by mixing more than two chemically and physically 

dissimilar components together, physically or chemically, to form one new material. Fibres 

from plant source are widely used in preparing polymer composites. This is because of the 

availability and easy of processing them. ATR-IR spectroscopy was used to identify the 

functional groups such as: hydroxyl (-OH), carbonyl (C=O), carboxyl (CO2H) of different 

adsorbents responsible for CBB sorption. Composites as well as components of composites 

were furthermore characterised by x-ray diffraction. The crystallinity index, x-ray diffraction 

(CIXRD) percentage of chitosan, alpha cellulose/chitosan composite, alpha cellulose, chitosan, 

banana rachis fibre/chitosan composite, and banana rachis fibre readings values in this study 

range from the highest to the lowest 94.29%, 91.54%, 82.75%, 60.77%, and 37.69%. The 

effect of the adsorbents dosage (3 g/l) on decolourisation of the CBB G-250 dye at the initial 

concentration (50 mg/l) were tested. The highest levels were shown by 93.8% for banana 

rachis fibre/chitosan composite, followed by 84.4% for alpha cellulose/chitosan composite. At 

the high concentration (800 mg/l), the highest activity was 51.6% for banana rachis 

fibre/chitosan composite and 44.8% for alpha cellulose/chitosan composite. The adsorption 

isotherms with alpha cellulose/chitosan composite, and banana rachis fibre/chitosan 

composite can be described better by the Langmuir model. Correlation coefficient, (R2: 0.9999, 

and 0.994) as higher than the Freundlich correlation coefficient R2. However, banana rachis 

fibre/chitosan composite and alpha cellulose/chitosan composite, were also explained by the 

Freundlich correlation coefficients (R2: 0.9715 and 0.9635) since they did not differ much from 

the corresponding Langmuir values.  Based on Freundlich data the ‘n’ value showed that 

banana rachis fibre/chitosan composite, and alpha cellulose/chitosan composite, respectively 

were good adsorbents of the CBB G-250 dye. Because all the values of n obtained for the 

different adsorbents sighted above (2.44 and 2.18, respectively) were greater than 1, it 

suggested good adsorption capacity.     

 

Keywords: Composites, ATR-IR spectrometry, X- ray diffraction, Isotherms. 
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4.2.   Introduction 

 

In this chapter there was a preparation of composites (alpha cellulose/chitosan composite and 

banana rachis fibre/chitosan composite using in situ precipitation of composites. Attenuated 

Total Reflectance Infrared (ATR-IR) spectra were captured with a Bruker spectrometer and 

evaluated based on bands obtained to identify functional groups present in the various 

materials. X- ray diffraction measurements for alpha cellulose, chitosan, banana rachis fibre, 

alpha cellulose/chitosan composite and banana rachis fibre/chitosan composite powdered 

samples were performed. 

 

These experiments were designed to determine the concentration of the dye, the effect of 

concentration of dye as well as adsorbent dosages on the adsorption process, the equilibrium 

time for CBB dye adsorption followed by the sorption capacity determination of the materials 

(banana rachis fibre/chitosan composite and alpha cellulose/chitosan composite) for the CBB 

G-250 dye (Bradford Protein Assay, 2018). Adsorption activity might be present in composite 

materials-derived from two or more original sources/materials. Adsorption interactions are the 

result of surface forces (hydrogen bonding, electrostatic interactions, and van der Waals 

forces), hence the final adsorption capacity of composite materials could almost be considered 

as the sum of the capacities of its origin sources (Terzopoulou et al., 2015).  

 

The effect of the different adsorbents (banana rachis fibre/chitosan composite and alpha 

cellulose/chitosan composite) dosages (1, 1.5, 2, 2.5, and 3 g/l) on decolourization of the CBB 

G-250 dye were investigated. The capacity of adsorption of CBB G-250 dye using different 

adsorbents (banana rachis fibre/chitosan composite and alpha cellulose/chitosan composite) 

were determined by isotherm studies at an equilibrium concentration. Langmuir and 

Freundlich adsorption isotherms were used to investigate the relationship between the 

concentration of sorbed species and the sorption capacity of adsorbents (banana rachis 

fibre/chitosan composite and alpha cellulose/chitosan composite) for CBB dye after dye 

adsorption equilibrium was attained.  

 

For carbohydrates estimation, total sugar estimation of acid hydrolysates (banana rachis fibre, 

chitosan, alpha cellulose/chitosan and banana rachis fibre/chitosan composites) using the 

anthrone method. The carbohydrate content can be measured by hydrolyzing the 
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polysaccharides into simples sugars by acid hydrolysis and estimating the resultant 

monosaccharides.  

 

Carbohydrates are first hydrolysed into simple sugars using dilute hydrochloric acid. In hot 

acidic medium glucose is dehydrated to hydroxymethyl furfural. This compound forms with 

anthrone a gree colored product with an absorption maximum at 630nm (Hedge and Hofreiter, 

1962). For hexosamine estimation, glucosamine estimation of the acid hydrolysates (banana 

rachis fibre, chitosan, alpha cellulose, alpha cellulose/chitosan and banana rachis 

fibre/chitosan composites) using the hexosamine method. Chitosan can be degraded to 

glucosamine monomer by hydrolysis. A colorimetric method depends on the acid hydrolysis 

of chitosan molecule by one step with sodium nitrite treatment to convert it into 2,5-anhydro-

D-mannose at the new reducing end which reacts with thiobarbituric acid in basic medium to 

give rise very stable pink-colored solution(Mohamed, 2012). 

 

4.3. Materials and Methods  

 

4.3.1. Dissolution and regeneration of alpha cellulose and chitosan 

 

Phosphoric acid was cooled to 5 oC in a refrigerator. Then, 1 g of alpha cellulose and 1 g 

chitosan were weighed in two 150, Erlenmeyer flasks separately, wetted with 6 ml water and 

then mixed with 100 ml cold phosphoric acid. The obtained mixtures were incubated in a 

shaking bath at a temperature of 5 oC and a speed of 150 rpm for 12 hours. This was done to 

dissolve the alpha cellulose and chitosan completely.  

 

Each of the mixtures were incubated at 5 oC or 50 oC for an additional 3 – 12 hours before 

pouring 500 ml water into the mixtures (alpha cellulose and chitosan) of the two 150, 

Erlenmeyer flasks separately were used in this experiment, respectively, to regenerate the 

alpha cellulose and chitosan (four flasks in total were used, (two with cellulose and two with 

chitosan). Analytical balance was used. The regenerated celluloses were centrifuged at 5000 

xg for 10 minutes. The clear supernatant was discarded, and the pellets were washed with 

deionized water until a constant pH was obtained to completely remove the phosphoric acid. 

The pellets were dried at 60 oC overnight in an oven and cooled in a desiccator to room 

temperature and the mass was recorded after weighing on analytical balance (Hao et al., 

2015). 
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4.3.2. Preparation of chitosan/alpha cellulose and chitosan/banana rachis fibre 

composites by in situ precipitation 
 

4.3.2.1. Dissolution of chitosan  

 

An amount of 2 g of chitosan (Sigma-Aldrich) was added into acetic acid aqueous solution 

with concentration of 2% (v/v) and stirred for 2 hours until the chitosan was dissolved. The 

procedures followed above are summarized in Figure 4.1. 

 

4.3.2.2. Immersion of alpha cellulose into chitosan solution by In situ precipition 

 

An amounts of 0.5 g and 5 g of alpha cellulose was added separately into each 50 ml chitosan 

acetic acid solution, prepared as stated above, and stirred on a magnetic stirrer for 2 hours to 

facilitate interactions between alpha cellulose and chitosan (Wang et al., 2009). The alpha 

cellulose/chitosan acetic acid solution was centrifuged for 10 minutes. The pellet obtained, 

was added to 10 ml of sodium hydroxide aqueous solution with concentration of 5% (w/v) for 

2 hours. After centrifugation for 10 minutes the pellet was washed with deionized water until 

the pH of the washing water reached ~7 (Wang et al., 2009). The gel material (pellet left after 

centrifugation) is made of particles dispersed in water. Alpha cellulose/chitosan gel material 

was air-dried in an oven at 60 0C for several hours. The weight was measured as has been 

reported previously. The procedures followed above are summarized in Figure 4.1. 

 

4.3.2.3. Immersion of rachis fibres into chitosan solution by In situ precipitation 

 

0.5 g and 5 g of banana rachis fibre was added, respectively into each 50 ml chitosan acetic 

acid solution and stirred on a magnetic stirrer for 2 hours. The banana rachis fibre/chitosan 

acetic acid solution was centrifuged for 10 minutes. The pellet obtained, was added to 10 ml 

of sodium hydroxide aqueous solution with concentration of 5% (w/v) for 2 hours. After 

centrifugation for 10 minutes the pellet was washed with deionized water until the pH of the 

washing water reached ~7 (Wang et al., 2009). The gel material (pellet left after centrifugation) 

is made of particles dispersed in water. Banana rachis fibre/chitosan gel material was air-dried 

in an oven at 60 0C for several hours. The weight was measured as has been reported 

previously. The procedures followed above are summarized in Figure 4.1. 
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4.3.2.4. Treatment of the clear supernatant obtained after centrifugation with sodium 

hydroxide aqueous solution  

 

To obtain material left (alpha cellulose/chitosan composite and banana rachis fibre/chitosan 

composite) in supernatant after the steps shown above the following procedures were 

followed. The clear supernatant obtained by centrifugation was added to 10 ml of sodium 

hydroxide aqueous solution with concentration of 5% (w/v) for 2 hours and then 20 ml of 

ethanol was added and left to stand for 10 hours to precipitate (Da Silva et al., 2018). The 

precipitate was separated from the liquid phase by centrifugation for 10 minutes and the 

supernatant discarded, the pellet was left in the centrifuge tube. This was done to obtain or 

regenerate the pellet from the supernatant (Wang et al., 2009).  

 

The pellet was then added to 10 ml of sodium hydroxide aqueous solution with concentration 

of 5% (w/v) for 2 hours to get alpha cellulose/chitosan and banana rachis fibre/chitosan 

composites gel (Wang et al., 2009). The gel was washed with deionized water until the pH of 

the washed water become ~7.  Alpha cellulose/chitosan and banana rachis fibre/chitosan 

composites (in a gel form) was air-dried in oven at 60 0C for 2 days and then the weights were 

measured as has been indicated previously. The procedures followed above are summarized 

in Figure 4.1. 

 

4.3.2.5. Treatment of the adsorbents controls with acetic acid aqueous solution 

 

For the controls, the 2 g of alpha cellulose and banana rachis fibre were added separately into 

two aliquots each of 400 ml acetic acid aqueous solution with concentration of 2% (v/v) in 

glass beakers respectively and stirred for 2 hours until the alpha cellulose and banana rachis 

fibre were dissolved. The alpha cellulose and banana rachis fibre acetic acid solutions with 

concentration of 2% (v/v) were centrifuged separately for 10 minutes. The pellet in each case 

was added to 10 ml of sodium hydroxide with concentration of 5% (w/v) for 2 hours and then 

centrifuged for 10 minutes and the pellet was washed with deionized water until the pH of the 

washed water become ~7. The alpha cellulose and banana rachis fibre material was air-dried 

separately in oven at 60 0C for several hours until it is dry and then the weights were measured 

as indicated before. The procedures followed above are summarized in the Figure 4.1.  
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Figure 4.1: Schematic of methodology employed for the in situ precipitation of composites 

(Wang et al., 2009) 
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4.3.3. Characterisation of different adsorbents using ATR-IR 

 

Attenuated Total Reflectance Infrared (ATR-IR) spectra were captured with a Bruker 

spectrometer and evaluated based on bands obtained to identify functional groups present in 

the various materials. Background absorption was first measured before any other analyses 

were performed by taking readings without any sample on the ATR crystal. Attenuated total 

reflectance infrared spectroscopy accessory is a sampling technique used in conjunction 

with infrared spectroscopy which enables samples to be examined directly in the solid or liquid 

state without further preparation.  

 

Dry samples were pressed on the crystal window of the instrument by gently pressing with a 

stainless steel flat anvil of the attenuated total reflectance infrared accessory. The ATR-IR 

spectrometer was connected to a computer which captured the adsorbents absorption in the 

form of an absorption spectrum. The absorption spectrum was recorded over a range of 4000 

cm-1 to 400 cm-1. The resolution of the instrument was set to 4 cm-1 and 24 scans were co-

added to produce a single spectrum during each analysis. 

 

4.3.4. Powdered X- ray diffraction analysis 

 

X-ray diffraction measurements were taken on a Rigaku MiniFlex II diffractometer for alpha 

cellulose, chitosan, banana rachis fibre, alpha cellulose/chitosan composite and banana 

rachis fibre/chitosan composite powdered samples were performed. The crystalline phase of 

all the synthesized samples (alpha cellulose, chitosan, banana rachis fibre, alpha 

cellulose/chitosan composite and banana rachis fibre/chitosan composite) were evaluated by 

XRD using Cu K α radiation (λ = 1.5408 Å) at ambient temperature (Tran et al., 2013). The 

voltage and current from the x-ray tube were 30 kV and 15 mA, respectively. The XRD 

measurements of sample were collected within the 2θ angle range from 5o to 50o, the scan 

rate was 5o/minutes (Duri et al., 2010). 

 

4.3.5. Equilibrium and isotherm studies     

 

4.3.5.1. Dye adsorption assessment methodology  
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The percentage of decolourisation of dye on banana rachis fibre/chitosan and alpha 

cellulose/chitosan composites were calculated using the equation given in Section 3.3.2 

(Forootanfar et al., 2016).  

 

4.3.5.2. Equilibrium time sorption experiments 

 

The percentage of sorption activity of dye on banana rachis fibre/chitosan and alpha 

cellulose/chitosan composites were performed using the method given in Section 3.3.3.  

 

4.3.5.3. Adsorption Isotherm Studies 

 

4.3.5.3.1. Equilibrium studies  

 

The percentage of decolourisation of dye on banana rachis fibre/chitosan and alpha cellulose 

composites were calculated using the equation given in Section 3.3.4.1. 

 

4.3.5.3.2. Langmuir and Freundlich isotherms 
 

The Langmuir and Freundlich, adsorption isotherms were constructed to investigate the 

relationship between the concentration of sorbed species and the sorption capacity of alpha 

cellulose/chitosan composite and banana rachis fibre/chitosan composite for CBB G-250 dye 

were performed using the method given in Section 3.3.4.2. 

 

4.3.6. Acid hydrolysis of different adsorbents 

 

A 2.5 N solution of hydrochloric acid was prepared and 10 mg sample of the banana rachis 

fibre, chitosan, alpha cellulose, banana rachis fibre/chitosan composite, and alpha 

cellulose/chitosan composite was boiled in separate 3 ml of the solution for 3 hours in a test 

tube fitted with a screw cap. After boiling the samples were cooled down to room temperature 

and neutralized with 2.5 N NaOH. The samples were stored overnight 4 0C. The neutralized 

samples were each transferred to a volumetric flask and made up to 50 ml with distilled water 

(Datema et al., 1977). The hydrolysed samples were used to estimate the carbohydrate 

contents and the hexosamine contents as described below (see Section 4.3.7 and 4.3.8).  

 

4.3.7. Carbohydrates estimation 
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4.3.7.1. Preparation of stock and working standard glucose solution 

 

Standard glucose stock solution (2 mg/ml:11.1 M) was made up by dissolving 200 mg glucose 

in 100 ml distilled water. The working standard was prepared by transferring 10 ml of stock 

solution to 90 ml of distilled water in a volumetric flask. Thereafter, the stock solution was 

stored in a refrigerator (0 – 5 0C) after a few drops of toluene was added to minimize microbial 

contamination (Hofreiter, 1962). 

 

4.3.7.2. Total sugar estimation of acid hydrolysates using the Anthrone method 

  

Preparation of Anthrone reagent was as follows: 1 g of Anthrone was dissolved in 500 ml of 

ice cold 72% sulphuric acid. The reagent was prepared fresh before use. Specific volumes of 

the working standard solution were pipette out namely: 0.1, 0.2, and 0.5 ml into each of the 

test tubes, and were made up to 1 ml with distilled water. A 1 ml volume of the sample was 

pipetted in each of two separate tests tubes. After 4 ml of anthrone reagent was added, the 

contents of the tubes were mixed and placed in a water bath for 10 minutes and cooled rapidly 

to 0 ºC on ice. Absorbencies were read at 630 nm (against water) within an hour. Standard 

glucose solutions (0.1, 0.2, and 0.5 mg/ml glucose) were prepared from the working standard 

glucose solution (see Section 4.3.7.1 above) and subsequently mixed with Anthrone reagent, 

treated and analyzed spectrophotometrically as described above 

(Sydney.edu.au/science/biology/warren/docas/spec, starch, sugars.pdf). 

 

4.3.8. Hexosamine estimation 

 

4.3.8.1. Glucosamine estimation of the acid hydrolysis using the hexosamine 

method 

  

The hydrolysed samples were used (see Section 4.3.6). The duplicate blanks and standards 

containing 10, 20, 30, 40, 50, and 70 μg glucosamine, were prepared. A 1 ml acetylacetone 

reagent 5% (v/v) was added to all tubes. Tubes were placed in a boiling water bath for 30 

minutes. The tubes were cooled in room temperature water for a minimum of 5 minutes. The 

tubes were left to stand up to 2 hours before the next step. 5 ml absolute ethanol was added 

and mixed, after which 1 ml Ehrlich reagent was added and mixed and left to stand for 25 min 

before absorbance readings were taken at 529 nm. The hexosamine contents of the unknowns 

were calculated using data obtained from the standard curve of absorbance plotted against 

known glucosamine amounts (Johnson, 1971). 
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4.4. Results and Discussions 

 

4.4.1. Formulation of composites and chemical analysis of composites 

 

4.4.1.1. Composites preparation by in situ precipitation 
 

The alpha cellulose/chitosan composite and banana rachis fibre/chitosan composite 

obtained after the in situ precipitation method (Figure 4.2 A and B). 

 

                              A                                                                             B 

                               

 

 

Figure 4.2: in situ precipitation of the different composites preparation A. Alpha 
cellulose/chitosan composite (6.07 g), B. Banana rachis fibre/chitosan composite (6.18 g) 
The amount of 6.07 g was obtained from the starting materials 2 g of chitosan and 5 g of alpha cellulose 

for alpha cellulose/chitosan composite. Alpha cellulose/chitosan composite indicated a white colour and 
soft texture (Figure 4.2 A). The amount of 6.18 g was obtained from the starting materials 2 g of chitosan 

and 5 g of banana rachis fibre for banana rachis fibre/chitosan composite. Banana rachis fibre/chitosan 
composite indicated a brown colour and hard texture (Figure 4.2 B). 

 

Cellulose have been extensively used in combination with chitosan to produce new blend 

materials with antibacterial activity, metal ions adsorption, odour treatment properties, 

improved water absorption capacity and mechanical characteristics, good antistatic and 

moisture absorption properties, high porosity and interconnected porous structures, self-

healing characteristics, etc (Abdul et al., 2016). In order to attain comprehensive improvement 

in electrical, physical, mechanical and thermal characteristics of chitosan-cellulose blend 
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materials tertiary component usually incorporate with it (Abdul et al., 2016). They suggested 

that cellulose/chitosan blends were considerably immiscible because mechanical and 

dynamic mechanical thermal properties of cellulose/chitosan blends were virtually dominated 

by cellulose.  

 

Liu et al. (2013) reported that the addition of cellulose into chitosan resulted in denser and 

mechanically stronger hydrogel beads. Stability of chitosan blend depends on specific 

interactions which may include hydrogen, ionic bonds, or dipole interference and final 

properties strongly depend on the miscibility of the components. Miscibility, structure and 

properties are critical factors in studies concerning polymer blends. Miscibility is one of the 

key factors affecting the structure and properties of a polymer blend which are important in 

applications (Abdul et al., 2016). Chitosan can be modified by blending it with other polymeric 

materials such as cellulose because it has modifiable functional groups thus the stability of 

blends enhance.  

 

Overall it can be concluded that stability of chitosan based materials can be improved by 

blending it with other compatible biopolymer especially cellulose. In future, research on blends 

should be focused on their potential use in biomedical, packaging, coatings and water 

treatment (Abdul et al., 2016). Cellulose and chitosan are two most abundant natural polymers 

with promising characteristics as composite materials. However, biopolymer based materials 

have relatively poor mechanical, thermal and barrier properties. Addition of two or more 

polymers, nanomaterials can significantly increase the properties of composites. In this 

regards, chitosan based cellulose materials are extensively explored. 

 

4.4.2. Characterization of different adsorbents using ATR-IR 

 

The ATR-IR spectroscopy was conducted to identify the functional groups of rachis banana 

fibre, cellulose fraction extracted from banana rachis fibre, chitosan (native), alpha cellulose 

regenerated, holocellulose obtained from banana rachis fibre, rachis fibre control, alpha 

cellulose control, regenerated chitosan, banana rachis fibre/chitosan composite pellet (0.5 g), 

banana rachis fibre/chitosan supernatant (0.5 g), banana rachis fibre/chitosan composite 

pellet (5 g), banana rachis fibre/chitosan supernatant (5 g), alpha cellulose/chitosan pellet (0.5 

g), alpha cellulose/chitosan composite supernatant (0.5 g), alpha cellulose/chitosan composite 

pellet (5 g), alpha cellulose/chitosan composite supernatant (5 g) (Figure 4.4-4.19). 

Identification of characteristic peaks is based on previous studies of different adsorbents.  
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Figure 4.3: ATR-IR spectrum of banana rachis fibre 

 

In the present study, the intense O-H peaks these represent stretching band of hydroxyl group 

at about 3330 cm-1 and 3350 cm-1 (3200 – 3650 cm-1) centered at about 3000 cm-1 (Figure 

4.3). The peak at 1604 cm−1 is an indicative of water molecules and C=O bonds of 

hemicelluloses (Sun et al., 2004c; Gañan et al., 2004). The absorption at 1730 cm−1 could 

correspond to the acetyl and uronic ester groups of residual hemicelluloses or to the ester 

linkage of carboxylic group of the ferulic and p-coumaric acids of lignin (Sun et al., 2005a). 

Sun et al. (2005b) also reported that the absorbance at 1528 cm−1 is associated with aromatic 

skeletal vibration in lignin (Sain and Panthapulakkal, 2006).  

 

The hemicellulose, cellulose, and lignin fractions are intricately intertwined in the cell wall of 

lignocellulosic resources and their compositions vary distinctly from biomass to biomass type 

(Balogun et al., 2018). The change in peak shape is a result of the different degree of hydrogen 

bonds present. Prominent bands of C-H asymmetric stretching (2923 and 2855 cm−1) which 

originate from aliphatic structure of extractives and lignin (Balogun et al., 2015; Soria and 

Mcdonald, 2012) were also present. 

 

The characteristic absorption bands of cellulose identified were: 2916 cm−1 (C-H stretching), 

1425 cm−1 (C-H wagging), 1399 cm−1 (C-H bending) (Balogun et al., 2015; Telmo and 
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Lousada, 2011). The C-OH and O-CH3 stretching vibrations associated with the sharp 

absorption bands at about 1030 cm−1 are characteristic of lignin and cellulose constituents, 

while the intense band at about 1150 cm−1 are indicative of cellulose C-O-C bridges of 

amorphous cellulose (Balogum et al., 2015). The aromatic stretching and ring vibrations, which 

are lignin characteristic bands, were displayed between the intensity peaks of 1430 and 1600 

cm−1.  

 

The banana rachis fibre was suspected to contain starch based on several bands (1152, 1100, 

1075, 1047, 1032, 990, and 925 cm−1) associated with starch (Van Soest et al., 1995). The 

adsorption at 3200 – 3400 cm-1 (3250 cm-1) which is due to stretching vibrations of O-H groups 

found in cellulose, hemicelluloses and lignin (C-O-C) that are present in BRF (Mokhothu, 

2010) (Figure 4.4). The band at 2900 cm-1 (and/or 2611 cm-1) is due to the C-H stretching of 

saturated carbon in cellulose and hemicellulose (Mokhothu, 2010). The band between 1917 

cm-1 is due to C=C stretching of fibres containing lignin. The band at 1700-1750 cm-1 is due to 

C=O stretching vibration. The band at 1430 cm-1 (1444 cm-1) is due to C-H stretching of 

hydrocarbon (Mokhothu, 2010) (Figure 4.3).  

 

 

 

Figure 4.4: ATR-IR spectrum of cellulose fraction extracted from banana rachis fibre  

 

The band at around 1430 cm-1 to the scissoring motion of cellulose I and band at around 1420 

cm-1 to the cellulose II (Mahato et al., 2013) (Figure 4.4). The band around 1313 cm-1 in spectra 
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of cellulose can be attributed to CH2 wagging vibration in cellulose and the band around 1155 

cm-1 was representative of anti-symmetric bridge stretching of C-O-C groups (Spiridon et al., 

2010). The spectra showed broad, very strong, and less intense peak O-H stretching band of 

hydroxyl group at about 3326 cm-1 and 3350 cm-1 (3200 – 3650 cm-1) centered at about 3000 

cm-1, change in peak shape can indicate a different degree of hydrogen bonds. Cellulose gave 

spectrum around 1425 cm-1 which was attributed to the CH2 bending. The band at 892 (897) 

cm -1 was referred to the glycosidic C-H rock vibration which was characteristic of cellulose 

structure (Li et al., 2014; Penjumras et al., 2014) (Figure 4.4). 

 

 

 

Figure 4.5: ATR-IR spectrum of chitosan 

 

The hydroxyl and amino bands at wavenumber up to about 3500 cm-1 (Figure 4.5). The spectra 

showed broad, very strong, and less intense peak O-H stretching band of hydroxyl group at 

about 3297 cm-1 and 3350 cm−1 (3200 – 3650 cm-1) centred at about 3000 cm-1 and the 3263 

cm-1 to vibration of N-H that are present in chitosan. The vibration of C=O stretching (amide I) 

was detected at 1650.95 (1656) cm -1 that is present in chitosan (Wanule et al., 2014) (Figure 

4.5). The emergence of absorption at 894 cm-1 on chitosan which was the vibration of NH2 

after the deacetylation process (Wanule et al., 2014).  
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As stated by Ziani et al. (2008), the spectrum of chitosan film prepared during my research 

work was similar to those previously reported in the literature. The characteristic bands of 

chitosan are clearly identified. The absorption band at 1592 (1588) is ascribed to the amide II 

band that is present in the chitosan (Figure 4.5). 

 

 

 

Figure 4.6: ATR-IR spectrum of alpha cellulose regenerated 

 

According to Chieu et al. (2013), the FTIR spectrum of microcrystalline cellulose exhibits three 

pronounced bands at around 3400 cm-1, 2850 – 2900 cm-1 and 890 – 1150 cm-1. These bands 

can be tentatively assigned to stretching vibrations of O-H, C-H and O groups, respectively 

(Burns and Ciurczak., 1992; Da Roz et al., 2010; Dreve et al., 2009). The spectra showed 

broad, very strong, and less intense peak O-H stretching band of hydroxyl group at about 3331 

cm-1 and 3350 cm−1 (3200 – 3650 cm-1) (Figure 4.6). 
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Figure 4.7: ATR-IR spectrum of holocellulose obtained from banana rachis fibre 

 

The peak around 1425 cm-1 was attributed to the CH2 bending (Li et al., 2014; Penjumras et 

al., 2014). The spectra showed broad, very strong, and less intense peak O-H stretching band 

of hydroxyl group at about 3331 cm-1 and 3350 cm−1 (3200 – 3650 cm-1) centred at about 3000 

cm-1 (Figure 4.7). 
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Figure 4.8: ATR-IR spectrum of rachis fibre control 

 

The peaks at 3238 and 1106 cm−1 that correspond to the stretching vibrations of O–H in 

cellulose and C–O in hemicelluloses and cellulose, respectively (Figure 4.9). The peak at 

1643 cm−1 is an indicative of water molecules and C=O bonds of hemicellulose (Sun et al., 

2004c; Gañan et al., 2004). Sun et al., (2005b) also reported that the absorbance at 1517 

cm−1 is associated with aromatic skeletal vibration in lignin (Sain and Panthapulakkal, 2006). 

The profile of the OH peak at 3238 cm-1 has changed when compared to that of rachis fibre 

which indicate changes in the hydrogen bonding characteristics (Figure 4.8).  
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Figure 4.9: ATR-IR spectrum of alpha cellulose control 

 

The cellulose control also shows a similar broadening to that observed above for the rachis 

fiber control (Figure 4.9). Once again the cellulose control wavenumber decreased to 3279 

compared to that of cellulose which was 3331 cm-1. This is indicative of a change in the 

hydrogen bond pattern which could indicate a breaking of existing hydrogen bonds upon 

chemical treatment in the control sample (Figure 4.9). 
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Figure 4.10: ATR-IR spectrum of regenerated chitosan 

 

The identification of characteristic peaks is based on previous studies of regenerated chitosan 

(Figure 4.10). The adsorption at 3292 cm-1 and 3354 cm-1 is due to the O-H groups stretching, 

2871 cm-1 (C-H stretching) and 2920 cm-1(C-H stretching), 1645 cm-1 (C-O amide I), 1574 cm-

1 (N-H deformation), 1322 cm-1 (C-N stretching, amide III), 894 -1150 cm-1 (ether bonding) that 

are present in regenerated chitosan (Figure 4.10). Regeneration of chitosan imply first 

dissolving the chitosan (in acetic acid) and subsequently taking it out of solution back to a solid 

phase by increasing the pH through addition of alkali (NaOH) (Figure 4.10).  

 

This is usually done to increase the purity of the chitosan. Addition of NaOH is also one of the 

steps used in the so called in situ precipitation methods for composite formation used in this 

study. The spectra showed 2850 – 2900 cm−1 (C-H stretching), 1657 cm−1 (C-O, amide I), 

1595 cm−1 (N-H deformation), 1380 cm−1 (CH3 symmetrical deformation), 1319 cm−1 (C-N 

stretching, amide III) and 890 –1150 cm−1 (ether bonding) (Burns and Ciurczak., 1992; Da 

Roz et al., 2010; Dreve et al., 2009).  

 

According to Focher et al., (1992b), the FT-IR spectra of different chitosan samples though 

similar to each other as a whole, showed subtle differences in the absorption intensities. For 

instance, the chitosans show different degrees of acetylation (A - 42%, B - 28%, and C - 5%). 
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This indicate that wavenumber is not absolutely fixed in different chitosan samples for the 

same functional groups observed. Both OH⋯3 and CH2OH⋯6 are involved in intra- and 

intermolecular hydrogen bonds. Such a band shift to a higher frequency indicated an increase 

in the ordered structure of a sample (Focher et al., 1992b). The band at 1412 cm−1 was 

assigned to (CH2 bending), due to the rearrangements of hydrogen bonds on the orientation 

of the primary –OH groups, at least in the amorphous regions of the polysaccharides (Focher, 

et al., 1992a; Focher et al., 1992b). The 1598 cm−1 transmittance peak of the – (NH2) bending 

vibration is sharper than the peak at 1645 cm−1, which shows the high degree of deacetylation 

of the chitosan. A shift from 3292 cm−1 is show the peak is sharper in the regenerated chitosan, 

which indicates that the hydrogen bonding is enhanced (Qi et al., 2004).  

 

The intensities of the (CO–NH2) band at 1645 cm−1 and the (NH2) band at 1574 cm−1, which 

can be observed clearly in pure chitosan, increase dramatically, and two new sorption bands 

at 1412 cm−1 and 1322 cm−1 appear, which show asymmetrical C–H. In this study changes in 

the band present at 1656 cm-1 in chitosan shifted to 1645 cm-1 in the regenerated chitosan. A 

further difference seen between regenerated and native chitosan occurred at the 1588 cm-1 

peak which is changed to 1574 cm-1 in the regenerated sample. Therefore specific changes 

in the regenerated chitosan relative to native chitosan can be shown using ATR-IR (Figure 

4.10 and 4.5). 

 

 

 

 

https://www.sciencedirect.com/science/article/pii/S014486170100371X#BIB7
https://www.sciencedirect.com/science/article/pii/S014486170100371X#BIB6
https://www.sciencedirect.com/science/article/pii/S014486170100371X#BIB6


 

75 
 

 

 

Figure 4.11: ATR-IR spectrum of banana rachis fibre/chitosan composite pellet (0.5 g) 

 

The peaks at 3246 and 1019 cm−1 that correspond to the stretching vibrations of O–H in 

cellulose and C–O in hemicelluloses and cellulose, respectively (Sun et al., 2005) (Figure 

4.11). The spectra showed broad, very strong, and less intense O-H stretching band of 

hydroxyl group at about 3246 cm-1 (3200 – 3650 cm-1) centered at about 3000 cm-1, Figure 

4.11 shows the adsorption at 3200 – 3400 cm-1  which is due to stretching vibrations of O-H 

groups of cellulose, hemicelluloses and lignin (C-O-C) that are present in banana rachis fibre.  

 

The band at 2900 cm-1 is due to the C-H stretching of saturated carbon in cellulose and 

hemicellulose. The bands at 1700 – 1750 cm-1 (1750 cm-1) is due to C=O stretching vibration. 

The band at 1430 (1437) cm-1 is due to C-H stretching of hydrocarbon (Mokhothu, 2010). 

Figure 4.11 shows hydroxyl and amino bands at the wavenumber up to 3500 cm -1. A broad 

absorption band in the range 3000 to 3500 cm-1 was noted which is assigned to O-H stretching 

vibrations and the 3246 cm-1 to vibration of N-H.  The vibration of C=O stretching (amide I) at 

1640 cm-1 (Rumengan et al., 2014) and 1650.95 cm -1 (Wanule et al., 2014).  

 

The interval 3271 – 3448 cm-1 could be connected with larger amount of N-H and O-H groups 

in chitosan, (Rumengan et al., 2014). According to Bianchera et al., (2014), ATR-FTIR analysis 

was performed on the chitosan powder used for scaffold preparation. Characteristic bands of 

chitosan were evident in the spectrum at 1640 cm−1 (–C=O stretching), 1583 cm−1 and 1655 
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cm-1 (N–H bending vibration), and 1380 cm−1 (–C–O stretching of primary alcoholic group), 

respectively (Figure 4.11).  

 

 

  

Figure 4.12: ATR-IR spectrum of banana rachis fibre/chitosan composite supernatant (0.5 g) 

 

The spectra showed a broad peak with three less sharper peaks due to the O-H stretching 

band of hydroxyl group at about 3158 cm-1, 3275 cm-1, and 3414 cm-1 (Mokhothu, 2010) 

(Figure 4.12). Figure 4.12 shows the adsorption at 3200 – 3400 cm-1 (3250 cm-1) which is due 

to stretching vibrations of O-H groups of cellulose, hemicelluloses and lignin (C-O-C) that are 

present in banana rachis fibre. The band at 2900 cm-1 is due to the C-H stretching of saturated 

carbon in cellulose and hemicellulose (Figure 4.12).  
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Figure 4.13: ATR-IR spectrum of banana rachis fibre/chitosan composite pellet (5.0 g rachis fibre 

used during composite) 

 

The spectra showed broad, very strong, and less intense peak O-H stretching band of hydroxyl 

group at about 3255 cm−1 (3200 – 3650 cm-1) centered at about 3000 cm-1, the change in peak 

shape is a result of the different degree of hydrogen bonds following composite formation as 

has also been seen in the controls (Figure 4.13). Peaks observed at 1252 cm-1 and 1162 cm−1 

also show the presence of hemicelluloses (Sain and Panthapulakkal, 2006).  

 

Identification of characteristic peaks is based on previous studies of fibers (Mokhothu, 2010). 

The band at 2900 cm-1 (2611 cm-1 there is a band closer = 2919) is due to the C-H stretching 

of saturated carbon in cellulose and hemicellulose. This peak is broadened and show a peak 

at 3255 cm-1. As already indicated this broadening of this peak suggest that the hydrogen 

bond pattern has been changed during composite formation. This peak corresponded to the 

peak of the rachis fiber control at 3238 cm-1. For regenerated chitosan the peak wavenumber 

was 3292 cm-1. According to Ziani et al., (2008), the broad absorption band between 3600 and 

3000 cm−1 could be attributed to the –OH and –NH stretching vibrations, the absorption bands 

at 1660, 1592, and 1385 cm−1, respectively, ascribed to the amide I, II and III bands of 

chitosan. However, the composite exhibit only one band at 1577 cm-1 in this region (Figure 

4.13). 
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Figure 4.14: ATR-IR spectrum of banana rachis fibre/chitosan composite supernatant (5 g) 

 

The identification of characteristic peaks is based on previous studies of fibres (Figure 4.14). 

The adsorption at 3200 – 3389 cm-1 is due to stretching vibrations of O-H groups of cellulose, 

hemicelluloses and lignin (C-O-C) that are present in BRF (Figure 4.14). The band at 2981 

cm-1 is due to the C-H stretching of saturated carbon in cellulose and hemicellulose. 

 

The infrared wavenumber of chitosan functional groups. Identification of characteristic peaks 

is based on previous studies of chitosan (Figure 4.14). Figure 4.14 shows hydroxyl and amino 

bands at the ranged spectra up to 3500 cm-1. A broad absorption band in the range 3000 to 

3500 cm-1 was noted which is assigned to O-H stretching vibrations and the 3263 cm-1 to 

vibration of NH. It also indicates the vibration of C=O stretching (amide I) at 1627 cm-1 

(Rumengan et al., 2014) and 1650.95 cm -1 (Wanule et al., 2014). Characteristic bands 

associated with regenerated chitosan was noticed in the supernatant these are a band at 1638 

cm-1 for the supernatant versus 1645 cm-1 for regenerated chitosan. Also 1573 cm-1 for the 

supernatant. It seems therefore that chitosan was present in the supernatant and could be 

retrieved to some extent from the supernatant by gel formation as was describe earlier (Figure 

4.14).   

3

3

8

9 

2

9

8

1 

1

6

6

6 

1

6

3

8 

6

3

0 

9

0

0 

1

0

3

7 

1

1

5

3 

1

5

7

3 

1438 
1319 

7

7

4 

863 

Wavenumbers cm-1 



 

79 
 

 

 

Figure 4.15: ATR-IR spectrum of alpha cellulose/chitosan composite pellet (0.5 g) 

 

According to Chieu et al., (2013), the regeneration of both cellulose and chitosan was 

confirmed by FTIR spectroscopy, the FTIR spectrum of microcrystalline cellulose exhibits 

three pronounced bands at around 3400 cm−1, 2850 – 2900 cm−1 and 890 – 1150 cm−1 

(Figure 4.15). These bands can be tentatively assigned to stretching vibrations of O-H, C-H 

and O groups, respectively (Burns and Ciurczak, 1992; Da Roz et al., 2010; Dreve et al., 

2009).  

 

The spectra showed broad, very strong, and less intense peak O-H stretching band of hydroxyl 

group at about 3444 cm−1 (3200 – 3650 cm-1) centred at about 3000 cm-1, the change in peak 

shape is a result of the different degree of hydrogen bonds. These spectra display 

characteristic chitosan bands around 3400 cm−1 (O-H stretching vibrations), 3250 – 3350 

cm−1 (symmetric and asymmetric N-H stretching), 2850 – 2900 cm−1 (C-H stretching), 1657 

cm−1 (C-O, amide 1), 1595 cm−1 (N-H deformation), 1380 cm−1 (CH3 symmetrical 

deformation), 1319 cm−1 (C-N stretching, amide III) and 890 – 1150 cm−1 (ether bonding) 

(Burns and Ciurczak., 1992; Da Roz et al., 2010; Dreve et al., 2009).  
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According to Mansur et al., (2009), the spectrum of the cellulose/chitosan bead before 

crosslinking (CC1) was very similar to that of chitosan due to the higher content of chitosan. 

The strong peak at 1654 cm−1indicates the –NH adsorption in the C=O stretching in the 

amide due to partially acetylated amino groups (–NHCOCH3) (Mansur et al., 2009). The 

composite exhibit a single peak at 1654 cm-1. The banana rachis fibre/chitosan composite 

also show a single peak in this region but at another wavenumber (Figure 4.15). 

 

 

 
Figure 4.16: ATR-IR spectrum of alpha cellulose/chitosan composite supernatant (0.5 g) 

 

The spectra showed a broad peak with three less sharper peaks due to the O-H stretching 

band of hydroxyl group at about 3160 cm-1, 3217 cm-1, and 3393 cm-1 (Figure 4.16). According 

to Trivedi et al., (2018), the IR spectra of pristine chitosan and cellulose exhibit, broad bands 

which are visible in the region 3700 – 3000 cm-1, corresponding to O–H stretching and N–H 

vibrations. The presence of amide I band at 1651 cm-1 due to the carbonyl stretching 

vibrations, and a bifurcated band with peaks at 1590 cm-1 due to amide II, corresponding to 

N–H bending vibrations and at 1560 cm-1, due to free NH2 bending vibrations are present in 

chitosan (Larkin, 2011). A slight variation in the CHx deformations that correspond to peaks 

at 1425 and 1374 cm-1 can also be observed. Similarly, in the region 3600 – 3100 cm-1 of the 

Raman spectra, the sharp O-H and N-H stretching vibrations in chitosan and broad O–H 
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stretching vibrations in cellulose are visible. In chitosan, the peak due to alkyl groups shows 

slight bifurcation, which is not apparent in cellulose (Trivedi et al., 2018) (Figure 4.16). 

 

 

 

Figure 4.17: ATR-IR spectrum of alpha cellulose/chitosan composite pellet (5 g) 

 

The spectra showed broad, very strong, and less intense peak O-H stretching band of hydroxyl 

group at about 3246 cm-1 and 3269 cm−1 (3200 – 3650 cm-1) centred at about 3000 cm-1 is due 

to the O-H stretching, 2916 cm-1 (C-H stretch), 1674 cm -1 (C-OH stretch) the change in peak 

shape is a result of the different degree of hydrogen bonds that are present in alpha 

cellulose/chitosan composite pellet 5 g (Figure 4.17). Tanjung et al. (2017), presented the 

infrared (IR) spectra of microcrystalline cellulose (MCC), regenerated cellulose (RC) film and 

chitosan/regenerated cellulose (RC/Ch) film. As illustrated in the IR spectrum of the MCC, the 

main characteristic peaks are at approximately 3325 (O–H stretch), 2900 (C–H stretch), 1635 

(C–OH stretch) and 1104 cm-1 (C–O stretch). The spectrum of the cellulose/chitosan 

composite in this study shows a single peak at 1573 cm-1, however a shoulder appears at 

1647 cm-1. This seem to indicate that the characteristic peaks of regenerated chitosan can be 

found in the composite. For regenerated chitosan the corresponding peaks are found at 1645 

cm-1and 1574 cm-1 (Figure 4.17).  
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Figure 4.18: ATR-IR spectrum of alpha cellulose/chitosan composite supernatant (5 g) 

 

The spectra showed a broad with three less sharper peaks due to the O-H stretching band of 

hydroxyl group at about 3164 cm-1, 3271 cm-1, and 3386 cm-1 (Figure 4.18). These spectra 

display characteristic chitosan bands around 3400 cm−1 (O-H stretching vibrations), 3250 – 

3350 cm−1 (symmetric and asymmetric N-H stretching), 2850 – 2900 cm−1 (C-H stretching), 

1657 cm−1 (C-O, amide 1), 1595 cm−1 (N-H deformation), 1380 cm−1 (CH3 symmetrical 

deformation), 1319 cm−1 (C-N stretching, amide III) and 890 – 1150 cm−1 (ether bonding)  

(Burns and Ciurczak., 1992; Da Roz et al., 2010; Dreve et al., 2009).  

 

The major peaks of cellulose are common to all polysaccharides, the broad regions of -OH 

(3500 – 3000 cm⁻¹) and C-O (around 1100 cm⁻¹). Alternatively, chitin and chitosan share 

amide peaks at around 3200 and 1600 cm⁻¹ (Kumirska et al., 2010). According to Riva et al. 

(2015), for pure chitosan the IR spectrum showed bands at 3360 and 3265 cm -1 typical of O–

H and N–H bonds respectively. The band at 2870 cm-1 corresponds to C–H bonds and the 

signal at 1650 cm-1 is commonly seen with type I amides and C=O bonds linked to acetyl and 

amine groups, and 1560 cm-1 corresponds to amide groups (N–H). Finally, bands of 1060 and 

1030 cm-1 confirm the presence of C–O bonds. In this study in contrast to the composite there 

were three peaks obtained for the supernatant sample namely at 1556, 1637 and 1688 cm -1. 

There is therefore definite differences between these samples (supernatant and composite). 
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The corresponding bands in regenerated chitosan is similar but different at 1645 and 1574 

cm-1 (Figure 4.18).  

 

The ATR-IR composites (banana rachis fibre/chitosan composite and alpha cellulose/chitosan 

composite) can be concluded as, the broad peak at 3286 cm-1 due to the addition of raw 

banana fibres with chitosan confirmed the formation of inter molecular hydrogen bonding 

between chitosan and raw banana fibres. The C-O vibrations were observed from the band 

between 1000 and 1100 cm-1. These shifts in IR peaks indicated that the interfacial interaction 

through the formation of new bonds between chitosan and raw banana fibre. This observed 

shift from 3445 to 3334 cm-1 with respect to chitosan was intense and confirmed the strong 

interaction between the blended components.  

 

These shifts in IR peaks indicated that the interfacial interaction through the formation of new 

bonds between chitosan and banana rachis fibre which stabilized the composite. Cellulose 

and chitosan are similar in terms of their chemical structure. The bands for both 

polysaccharides are the same, expect for the presence of an amine group with chitosan. The 

composites (banana rachis fibre/chitosan composite and alpha cellulose/chitosan composite) 

are better than the banana rachis fibre, chitosan, and alpha cellulose alone because they will 

have a good combination of new functional groups between the two materials. The major ATR-

IR bands in banana rachis fibre, alpha cellulose, chitosan, banana rachis fibre/chitosan 

composite, and alpha cellulose/chitosan composite (regenerated and non-regenerated 

samples) are shown in Table 4.1. 
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Table 4.1: The major ATR-IR bands in banana rachis fibre, alpha cellulose, chitosan, 

banana rachis fibre/chitosan composite, and alpha cellulose/chitosan composite 

(regenerated and non-regenerated samples) 

 

Wavenumber (cm-1) Band assignments 

3750-3000 (OH) hydroxyl groups in lignin (phenolic + 

CH2OH), cellulose and hemicelluloses 

Intermolecular hydrogen-bonded H-O-H 

stretching 

3278 06 H6…03 intermolecular hydrogen bond 

3240 06 H6…03 intermolecular hydrogen bond 

3000-2850 CH2 and CH2 in methylene and CH3, CH3 in 

methyl groups 

1732 C=O ester in acetoxy groups (H3C-(C=O)-O-) in 

hemicelluloses 

1650 C=O in quinone or p-quinone 

1595,1505 C=C skeletal vibration in phenolic ring (lignin 

motif type guaiacyl ie coniferyl with C-Har out of 

plane deformation at 834 and 900-870 cm-1 )  

1462 CH2 asymmetric bending (scissoring) strong in 

cellulose I 

CH3 asymmetric bending in lignin (CH3-O) and 

hemicelluloses (CH3-(C=O)-) 

1425 CH2 asymmetric bending in crystallized cellulose 

I (strong) and amorphous cellulose (weak and 

shift to 1420 cm-1 in cellulose II and amorphous 

cellulose) 

1375 C-H and CH3 in cellulose and hemicelluloses 

1318 CH2 in crystallized cellulose I (wagging) 

1268 C-O guaiacyl aromatic methoxyl group in lignin 

and cellulose  

1230 C-O syringy nuclei in lignin and hemicellulose 

1163 C-O-C asymmetric stretch vibration in cellulose 

and hemicelluloses 

1112 CH stretching vibrations in different groups of 

lignin and cellulose and hemicelluloses  

1034 C-O-C skeletal vibration of polysaccharides ring 
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898 C-O-C β-(1-4)-glycosidic linkage (weak and 

broad in cellulose I, strong and sharp in cellulose 

II) 

834 C-H (2C-H adjacent) out of plane bending of 

1,2,4-tetra-substituted aromatic in lignin, with 

contribution of the band at 900-870 cm-1 

(collapsed with C-O-C β-(1-4)-glycosidic linkage) 

 

4.4.3. X-ray diffraction characterization 

 

The x-ray diffraction spectra of banana rachis fibre, chitosan, alpha cellulose, banana rachis 

fibre/chitosan composite 5 g, and alpha cellulose/chitosan composite 5 g by x-ray diffraction 

analysis (Figures 4.20 - 4.24). The regions (crystalline and amorphous regions) are 

differentiated in this way (i.e., crystalline regions are indicated by peaks, between a-b while 

amorphous regions have characteristic peaks between c-d), for all the figures 4.20-4.24. 

 

 

 

Figure 4.19: X-ray diffraction spectra of banana rachis fibre 

  

The presence of both crystalline and amorphous regions (Milani et al., 2016) (Figure 4.19). 

Crystalline regions are indicated by peaks between b – c, while amorphous regions have 

characteristics peaks between a – d and d – e. The crystalline region is found where molecules 
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are arranged in an ordered pattern, and the amorphous region where molecules are arranged 

randomly (Yashoda, 2016). The banana rachis fibre spectra displayed two broad peaks and 

one thinner peak (crystalline). The banana rachis fibre XRD data showed broad peaks which 

could indicate smaller crystalline region and a larger amorphous region for the x-ray diffraction 

values obtained. The smaller crystalline region (lower crystallinity) of banana rachis fiber is 

probably due to the presence of hemicelluloses and lignin in the fibre. Broad x-ray diffraction 

peaks from the range of 15o to 40o and 40o to 50o. As already indicated the decrease of 

crystallinity of banana rachis fibre is due to the availability of hemicelluloses and lignin from 

the fibre, this is a large proportion of the amorphous region of lignocellulosic domains (Rosa 

et al., 2010) (Figure 4.19). 

 

 
 

Figure 4.20: X-ray diffraction spectra of chitosan 

 

The presence of both crystalline and amorphous regions (Antonino et al., 2017) (Figure 4.20). 

The chitosan spectra displayed broad peaks of low intensity from the range of 9o to 12o, 23o 

to 30o, 340 to 37o, 40o to 42o and one thinner peak bigger than the other (crystalline) from the 

range of 18o to 22o. Crystalline regions are indicated by peak between c – d, while amorphous 

regions have characteristics peaks between a – b, e – f, g – h, and i – j. The broader the peaks 

the greater the amorphous region and the thinner the peaks indicate the crystalline region 

(Govindan et al., 2012). The crystallinity of the chitosan increases with the increase in degree 
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d g h i j 
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of deacetylation and is attributed to increase in intermolecular hydrogen bonding due to the 

presence of more free NH2 groups (higher degree of deacetylation) within the molecular 

structure, which in turn results in a better packing of the macromolecular polymeric chains and 

consequent increase in the crystallinity (de Vasconcelos et al., 2007: Ray et al., 2010). 

Deacetylation of chitosan can be facilitated under basic conditions (Yuan et al., 2011) (Figure 

4.20). 

 

 

Figure 4.21: X-ray diffraction spectra of alpha cellulose 

 

The presence of both crystalline and amorphous regions (Sunkyu et al., 2010) (Figure 4.21). 

The alpha cellulose spectra displayed two broad peaks of low intensity from the range of 14o 

to 18o, 33o to 35o and one thinner peak of higher intensity (crystalline) from the range of 20o to 

24o. Crystalline regions are indicated by peak between c – d, while amorphous regions have 

characteristics peaks between a – b, e – f. An increased amorphous contribution is the main 

contributor to peak broadening. However, in addition to crystalline disorder (amorphous 

content), there are other intrinsic factors that influence peak broadening, such as crystallite 

size and non-uniform strain within the crystal. Samples that can be resolved into many narrow 

diffraction peaks over a significant range of 2θ. Unfortunately, cellulose peaks are very broad 

and not well resolved, with overlapping peaks. It is generally accepted in the cellulose research 

community that peak broadening is due to the amorphous cellulose (Sunkyu et al., 2010) 

(Figure 4.21).  
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Figure 4.22: X-ray diffraction spectra of banana rachis fibre/chitosan composite 

 

The banana rachis fibre/chitosan composite XRD results showed thin peaks which could 

indicate that an increase in crystallinity resulted composite formulation, due to the presence 

of highly crystalline cellulose in the composites (Figure 4.22). A further indication of this 

phenomenon is shown by intense x-ray diffraction peaks from the range of 12o to 22o, 28o to 

30o, 33o to 37o, also indicating an increase in crystallinity that occurred following composite 

formation. Crystalline regions are indicated by c – d, e – f, while amorphous regions have 

characteristics peak between a – b. The increase in crystallinity is due to the increase in the 

rigidity of cellulose because of the hardness of the cellulose (Haafiz et al., 2013). Sharpest 

and strongest peaks (high intensity) indicate increase in the crystallinity (Zuliahani et al., 2017) 

(Figure 4.22). 
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Figure 4.23: X-ray diffraction spectra of alpha cellulose/chitosan composite 

 

The alpha cellulose/chitosan composite XRD results showed thin peaks which could indicate 

that an increase in crystallinity resulted following composite formulation, due to the presence 

of highly crystalline cellulose in the composites from the range of 19o to 23o, 28o to 31o, 32o to 

39o, 43o to 47o (Figure 4.23). Crystalline regions are indicated by peaks c – d, e – f, and g – h, 

while amorphous regions have characteristics peak between a – b. A further indication of this 

phenomenon is shown by intense x-ray diffraction peaks, also indicating an increase in 

crystallinity that occurred following composite formation. Sharpest and strongest peaks 

indicate increase in crystallinity as has already been pointed out (Zuliahani et al., 2017).  

 

The peaks located near 2θ = 14.9o, 16.7o, 22.8o, and 34.68o, are the characteristics molecular 

planes causing 101, 101, 002, and 040 x-ray reflections to occur in banana rachis fibre, 

chitosan, alpha cellulose, banana rachis fibre/chitosan composite and alpha cellulose/chitosan 

composite (Liu et al., 2012). With fiber growth, major peak intensity near 22.88 increases and 

its peak half-height width decreases, both of which suggest that the crystallinity and the 

crystallite dimension increase with secondary wall cellulose biosynthesis (Liu et al., 2012) 

(Figure 4.23).  

 

Crystallinity index infrared (CIIR) measurement 

2 Theta Scale 

a b c d e 
f 

g h 



 

90 
 

It has been suggested that a so called 4-band ratio (R3) used in Eq. 5 to relate the XRD 

measurement to the crystalline information. 

  

                    R3 = (I22.8 + I20.5)/ (I14.9 + I16.5)                                                    (5) 

 

where R3 is indicative of XRD crystalline information and I14.9, I16.5, I20.5, and I22.8 are each a 

three-point average of the intensity values at individual 2θ degree positions (Liu et al., 2012). 

 

Furthermore, the R3 values could be converted into respective CIXRD readings in the range of 

0.0% to 100.0% by Eq. 6:  

 

                    CIXRD (%) = 100 x (R3 – 1.317)/ 0.91                                       (6)   

 

The intensities of the peaks at 110 lattices (I110, at 2θ ~20o corresponding to maximum 

intensity) and at 2θ ~16o (amorphous diffraction) were used to calculate crystallinity index 

(ICR) of chitosan using Equation (7) (Al-sagheer et al., 2009) 

  

ICR (%) = I110 – Iam / I110 x 100                                                                         (7) 

 

The calculations for XRD measurement to the crystalline information of the R3, and CIXRD (%) 

on various samples (banana rachis fibre, alpha cellulose, banana rachis fibre/chitosan 

composite, alpha cellulose/chitosan composite) are shown below.  

 

A, Banana rachis fibre 

 

R3 = (I22.8 + I20.5)/ (I14.9 + I16.5)  

        = (227 + 122)/ (85 + 125) 

     = 349/ 210 

     = 1.66 

CIXRD (%) = 100 x (R3 – 1.317)/ 0.91 

                = 100 x (1.66 – 1.317)/ 0.91  

                = 100 x 0.343/0.91 

                = 37.69% 

 

B, Chitosan 

 

ICR (%) = I110 – Iam/I110 x 100 
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            = 3500 – 200/3500 x 100 

            = 94.29%  

C, Alpha cellulose 

 

R3 = (I22.8 + I20.5)/ (I14.9 + I16.5) 

     = (1000 + 4800)/ (1100 + 1700) 

     = 5800/2800 

     = 2.07 

 

CIXRD (%) = 100 x (R3 – 1.317)/ 0.91 

                = 100 x (2.07 – 1.317)/ 0.91 

                = 100 x 0.753/0.91 

                = 82.75% 

 

D, Banana rachis fibre/chitosan composite 

 

R3 = (I22.8 + I20.5)/ (I14.9 + I16.5) 

     = (140 + 115)/ (55 + 65) 

     = 224/120 

     = 1.87 

 

CIXRD (%) = 100 x (R3 – 1.317)/ 0.91 

                = 100 x (1.87 – 1.317)/ 0.91 

                = 100 x 0.553/0.91 

                = 60.77% 

 

E, Alpha cellulose/chitosan composite 

R3 = (I22.8 + I20.5)/ (I14.9 + I16.5) 

     = (160 + 120)/ (60 + 70) 

     = 280/130 

     = 2.15 

 

CIXRD (%) = 100 x (R3 – 1.317)/ 0.91 

                = 100 x (2.15 – 1.317)/ 0.91 

                = 100 x 0.833/0.91 

                = 91.54% 
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The CIXRD percentage readings in this study are summarized in Table ranges from the highest 

to the lowest 94.29% for chitosan, 91.54% for alpha cellulose/chitosan composite, 82.75% for 

alpha cellulose, 60.77% for banana rachis fibre/chitosan composite and 37.69% for banana 

rachis fibre. According to Al-sagheer et al. (2009) obtained 33% and 37% for chitosan, which 

is lower than the 94.29% for chitosan obtained. Alpha cellulose/chitosan composite, alpha 

cellulose, and chitosan were more crystalline compared to the banana rachis fibre/chitosan 

composite and banana rachis fibre based on the percentage values calculated above.  

 

The crystalline structures are highly stable to temperature variations, and their catalytic and 

adsorption properties render them industrial and household applications (Akhtar et al., 2014). 

Polymers (cellulose and starch) have amorphous structure 

(www.chemengonline.com>industrial-adsorbents). Significance of the crystalline structure of 

the different adsorbents is to check for crystallinity of the adsorbent structure by identifying the 

regions (crystalline region and amorphous regions) of crystallinity. The crystallinity can impact 

the adsorbent nature of the different material used, because when the material is more 

amorphous is better for adsorption of dye than the crystalline ones.  

 

Crystalline polymers are difficult to stain than amorphous ones because the dye molecules 

penetrate through amorphous regions with greater ease (Balazsy and Eastop, 1998). Other 

waste fibers obtained from the agroindustry, such as bleached rice husk and soy hulls, 

reached crystallinity index values of 57% (Johar et al., 2012) and 73% (Neto et al., 2013), 

respectively. According to Rambo and Ferreira, (2015), the rachis presented a range of 

22.62%-26.79%, which is lower than the 37.69% for banana rachis fibre obtained.  

 

On the other hand, value-added byproducts from bio-waste such as cellulose microfibers from 

garlic skin and cellulose nanocrystals from garlic straw had CI values of 45% (Reddy and 

Rhim, 2014) and 69% (Kallel et al., 2016), respectively. The amount of paracrystalline 

cellulose (33.1%) is almost identical to the amount of crystalline structure (31.8%) in cotton 

cellulose (Larsson et al., 1997) and lower than the 82.75% for alpha cellulose found in this 

study. The absolute value of cellulosic Avicel thus obtained are extremely high (90% for 

cellulosic Avicel) as was indicated by Hall et al. (2010).  

 

Microcrystalline cellulose (MCC) is a pure partially depolymerized cellulose synthesized from 

α-cellulose precursor (type Iβ), obtained as a pulp from fibrous plant material, with mineral 

acids using hydrochloric acid to reduce the degree of polymerization. It is prepared by treating 

alpha cellulose with mineral acids (type Iβ). The amorphous regions are more prone to 
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hydrolysis by acid resulting in shorter and more crystalline fragments such as the MCC, which 

makes the microcrystalline cellulose easily to be compared to the composites (alpha 

cellulose/chitosan composite). The literature contains a wide range of reported values for 

cellulosic Avicel (microcrystalline cellulose) using x‐ray diffraction, in the range 62 - 87.6% 

using the peak height method, and from 39 to 75.3% using various other methods (Hall et al., 

2010). It should be noted, however, that different drying methods are often being employed, 

which also may add to the reported variations in absolute crystallinity values. The CIXRD 

percentage of various samples (banana rachis fibre, chitosan, alpha cellulose, banana rachis 

fibre/chitosan composite, and alpha cellulose/chitosan composite) are shown in Table 4.2.  

 

Table 4.2: The CIXRD (%) of samples 

 

Various samples R3 CIXRD (%) I110 

Banana rachis fibre 1.66 37.69  

Banana rachis 

fibre/chitosan 

composite 

1.87 60.77  

Chitosan  94.29 3500 

Alpha cellulose 2.07 82.75  

Alpha 

cellulose/chitosan 

composite 

2.15 91.54  

 

4.4.4.  Adsorption Equilibrium and Isotherm  

 

4.4.4.1. Effect of the various adsorbents dosage on decolourization of the CBB G-250 

dye  
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Figure 4.24: Effect of adsorbent dosage on decolourisation of CBB G-250 dye (%) using various 
composites A. Alpha cellulose/chitosan composite and B. Banana rachis fibre/chitosan 

composite 
The effect of the various adsorbent dosage on decolourisation of CBB dye (%), Figure A. Low 

concentration of 50 mg/l CBB. Figure B. High concentration of 800 mg/l CBB using different adsorbents 
(alpha cellulose/chitosan and banana rachis fibre/chitosan composites) dosages after 80 minutes.  
Temperature 30 0C, pH 6.59 – 6.71 (Figure 4.24 A and B). 

 

Low concentration (50 mg/l) of CBB G-250 dye 

 

Percentage decolourisation activity of alpha cellulose/chitosan and banana rachis 

fibre/chitosan composites 

 

The equation to calculate the percentage of the decolourization of the CBB G-250 dye for the 

alpha cellulose at the dosages of 1, 1.5, 2, 2.5, and 3 g/l is similar to the calculations for the 

other adsorbents (alpha cellulose/chitosan and banana rachis fibre/chitosan composite), were 

performed in Section 3.4.2. 

The decolourization of CBB G-250 dye by adsorption on alpha cellulose/chitosan and banana 

rachis fibre/chitosan composites was found to increase with time and attained at a constant 

value at 80 minutes. At a low concentration (50 mg/l) the percentage decolourisation increases 

from 6.3 to 84.4% for alpha cellulose/chitosan and then 37.5 to 93.8% for banana rachis 

Dosage of adsorbents (g/l) Dosage of adsorbents (g/l) 

Banana rachis 

fibre/chitosan composite 

Banana rachis 

fibre/chitosan composite 
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fibre/chitosan composites with a low concentration for CBB G-250, depending on the dosages 

(1, 1.5, 2, 2.5, and 3 g/l) used during adsorption. 

 

High concentration (800 mg/l) of CBB G-250 dye 

 

Percentage decolourization activity of alpha cellulose/chitosan and banana rachis 

fibre/chitosan composites  

 

The equation to calculate the percentage of the decolourisation of the CBB G-250 dye for the 

alpha cellulose at the dosages of 3, 2.5, 2,1.5, and 1 g/l is similar to the calculations for the 

other adsorbents (alpha cellulose/chitosan and banana rachis fibre/chitosan composites) were 

performed similarly as in Section 3.4.2. 

 

The decolourization of CBB G-250 dye by adsorption on alpha cellulose/chitosan and banana 

rachis fibre/chitosan composites was found to increase with time and attained a constant value 

at 80 min. At a high concentration CBB G-250 dye (800 mg/l) using a dosage of 3 g/l, the 

percentage decolourization at equilibrium also decreased compared to low concentration (50 

mg/l) tested from 44.8% to 84.4% for alpha cellulose/chitosan composite, and 51.6% to 93.8% 

for banana rachis fibre/chitosan composite.  

 

As the low concentration (50 mg/l) of Coomassie Brilliant Blue dye was increased, the 

absorbance efficiency was decreased (Figure 4.25 A and B). This may be due to the fact that 

at lower concentrations almost all the dye molecules were adsorbed very quickly on the outer 

surface, but further increases in dye concentrations led to fast saturation of the adsorbents 

(alpha cellulose/chitosan composite and banana rachis fibre/chitosan composite) surface, and 

thus most of the dye adsorption apparently took place slowly inside the pores (Hameed and 

EI-Khaiary, 2008: Khaleque and Roy, 2016). 

 

This indicate that the highest concentration performance is obtained with an adsorbent dosage 

of 3 g/l (Figure 4.24 A and B). It was observed that as the dosage of adsorbent was increased, 

the removal efficiency became higher (Figure 4.24 A and B). Increase in the removal efficiency 

of Coomassie brilliant blue dye with the increased amount of adsorbent dose is due to the 

increased surface area and the availability of additional adsorption sites (Khaleque and Roy, 
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2016). As the low CBB G-250 dye concentration increases from 50 to 800 mg/l the equilibrium 

removal of CBB G-250 dye increase from 6.3 to 84% and 38.2 to 44.8% for alpha 

cellulose/chitosan composite and banana rachis fibre/chitosan composite, respectively. For 

the batch adsorption experiments on alpha cellulose/chitosan and banana rachis 

fibre/chitosan composites, the effect of adsorbent dosage on the CBB G-250 dye adsorption 

were examined.  

 

Significant variations in the uptake capacity and removal efficiency are observed at different 

adsorbent dosages (1 to 3 g/l) indicate that the highest concentration tested is obtained with 

an adsorbent dosage of 3 g/l (Figure 4.24 A and B) of the tested concentrations. This result 

was expected because the removal efficiency is generally increased by the fact that when 

more mass becomes available, the more the total contact surface offered for adsorption will 

increase.  

 

Moreover, the higher dose of adsorbent in the solution, the greater the availability of 

exchangeable sites for the CBB G -250 dye, i.e. more active sites are available for binding of 

CBB G – 250 dye. Results based on the findings given above are qualitatively and in good 

agreement with those found in the literatures (Khaleque et al., 2016). The percentage of 

decolourisation of alpha cellulose/chitosan and banana rachis fibre/chitosan composites at an 

initial concentration (50 mg/l) and highest concentration (800 mg/l) are shown in Table 4.3. 

 

Table 4.3: The percentage of decolourisation of different adsorbents at different 

concentrations 

 

Adsorbents Percentage decolourisation (%) 

Initial concentration (50 mg/l) High concentration (800 mg/l) 

Dosages (g) 3 2.5 2 1.5 1 3 2.5 2 1.5 1 

Alpha cellulose/chitosan 
composite 

84.4 71.9 68.8 37.5 6.3 44.8 42.5 39.9 39.9 38.2 

Banana rachis fibre/chitosan 

composite 

93.8 84.4 71.9 68.8 37.5 51.6 48.2 47.4 47.3 45.3 

 

4.4.4.2. Equilibrium time sorption experiments 
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The absorbance reading over time obtained during sorption experiments at a lower and higher 

concentrations as indicated conducted with the sorbents (Figure 4.26 A and B). 

 

                            A 50 mg/l                                                                B 800 mg/l 
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Figure 4.25: Effect of contact time on adsorption of the CBB G-250 dye using various composites 

at different concentrations A. 50 mg/l and B. 800 mg/l 
The effect of contact time on adsorption, A) adsorption at an Initial concentration of 50 mg/l CBB. B) 

adsorption using a concentration of 800 mg/l, for various adsorbents (Alpha cellulose/chitosan 
composite and banana rachis fibre/chitosan composite) after 80 minutes (Figure 4.25 A and B). A 
temperature 30 oC was maintained and pH 6.59 – 6.71 and 3 g/l adsorbent dosage. The panel A and B 

above show the absorbance reading over time obtained during sorption experiments conducted with 

the sorbents indicated (Figure 4.25 A and B). 

 

Low concentration 50 mg/l of CBB G-250 dye 

 

The data presented in Figure 4.25 A and B shows that equilibrium was reached after 60 

minutes for alpha cellulose/chitosan and banana rachis fibre/chitosan composites samples. In 

each case the equilibrium adsorption value was substituting in the equation derived from the 

CBB standard curve in order to calculate the sorption activity of the alpha cellulose/chitosan 

composite and banana rachis fibre/chitosan composite by first converting absorbance to 

concentration values. 

 

Banana rachis 

fibre/chitosan composite Banana rachis 

fibre/chitosan composite 
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The equation to calculate the percentage sorption activity of the alpha cellulose is similar to 

the calculations for the other adsorbents (alpha cellulose/chitosan and banana rachis 

fibre/chitosan composites), were performed in Section 3.4.3. 

 

 

High concentration of 800 mg/l of CBB G-250 dye 

 

After about 60 minutes (alpha cellulose/chitosan and banana rachis fibre/chitosan 

composites), Figure 4.25 A and B shows that equilibrium was reached. The equation to 

calculate the percentage sorption activity of the activated carbon is similar to the calculations 

for the other adsorbents (alpha cellulose/chitosan and banana rachis fibre/chitosan 

composites), were performed in Section 3.4.3. 

 

The percentage sorption activity of CBB G-250 dye increases with time and a constant value 

after 60 min and, it reaches a constant value indicating that no more CBB G-250 dye is 

removed from the solution (equilibrium has been reached). Thus changing the initial 

concentration of dye from 50 to 800 mg/l, the adsorbed amount increases from 63.98% to 

96.22% for alpha cellulose/chitosan composite, and 68.84% to 96.68% for banana rachis 

fibre/chitosan composite (Figure 4.25 A and B). This may be attributed to an increase in the 

driving force necessary of the concentration gradient when increasing the basic dye 

concentration to in order to overcome the mass transfer resistance of CBB G-250 dye acting 

between the aqueous and solid phases (Moussa et al., 2015). The percentage of sorption 

activity of different adsorbents at a low concentration (50 mg/l) and highest concentration (800 

mg/l) are presented in Table 4.4. 
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Table 4.4: Percentage of sorption activity and equilibrium concentration (Ce) of 

composites observed at the lowest and highest CBB dye concentrations of CBB dye 

 

Adsorbents Sorption activity 

(%) 

 Equilibrium 

concentration Ce 

(mg/l) 

 

 Low 

concentration 

Highest 

concentration 

Low 

concentration 

Highest 

concentration 

Banana rachis 

fibre/chitosan 

composite 

68.84 96.68 15.58 26.55 

Alpha 

cellulose/chitosan 

composite 

63.98 96.22 18.01 30.21 

 

4.4.4.3. Equiibrium studies 

 

The capacity of adsorption of CBB G- 250 dye using alpha cellulose/chitosan and banana 

rachis fibre/chitosan composites were calculated as has been shown previously (Figure 4.27 

A and B). Calculations for alpha cellulose/chitosan and banana rachis fibre/chitosan 

composites after isotherm experiments were performed: The equation to calculate the 

capacity of adsorption of CBB G-250 dye at different concentrations 100, 200, 400, and 800 

mg/l for the chitosan at the dosage of 3 g/l is similar to the calculations for the other 

adsorbents(alpha cellulose/chitosan and banana rachis fibre/chitosan composites) were 

performed in Section 3.4.4.1.  
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                                           A                                                                     B  

 

 

Figure 4.26: Adsorption isotherm of CBB G-250 dye (qe versus Ce) using various composites A. 
Alpha cellulose/chitosan composite and B. Banana rachis fibre/chitosan composite 

The capacity of adsorption of CBB G-250 dye (800 mg/l) using various adsorbents (alpha 
cellulose/chitosan composite and banana rachis fibre/chitosan composite) after 60 minutes, 37 oC, 150 

rpm, pH 6.59 – 6.71 and 3 g/l adsorbent dosage (Figure 4.26 A and B). The isotherm approaches the 
saturation point at 690 and 679 mg/l for alpha cellulose/chitosan composite and banana rachis 

fibre/chitosan composite, respectively.  

 

At this concentration (690 and 679 mg/l) the alpha cellulose/chitosan composite and banana 

rachis fibre/chitosan composite, respectively, qe values levels off and reached a saturation 

point where less and less CBB G-250 dye is further removed from the solution under these 

conditions as initial dye concentration levels increases. The capacity of adsorption of CBB G-

250 dye using alpha cellulose/chitosan and banana rachis fibre/chitosan composites was 

found to increase with time and attained a constant value at 60 minutes (Figure 4.26 A and 

B).  

 

The adsorption capacity of banana rachis fibre/chitosan composite on CBB G-250 dye is 

greater than that of chitosan, banana rachis fibre, alpha cellulose and alpha cellulose/chitosan 

composite. Banana rachis fibre used not in a composite but alone as adsorbent seems to be 

having a lower adsorption capacity than when it is combined with chitosan. Therefore, 

composite formation seems to enhance adsorption of CBB dye in the latter case. The capacity 

of adsorption of CBB G-250 dye using different adsorbents at an equilibrium concentration as 

shown in Table 4.5. 
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Table 4.5: The capacity of adsorption of CBB G-250 dye using different adsorbents at 

an equilibrium concentration 

 

Adsorbents Capacity of adsorbents of CBB 

G-250 (mg/g) 

Equilibrium concentration (Ce) 

(mg/l) 

Concentrations (mg/l) 100 200 400 800 100 200 400 800 

Alpha cellulose/chitosan 
composite 

12.20 20.43 29.77 36.67 63.4 138.7 310.7 690 

Banana rachis fibre/chitosan 

composite 

14.33 23.67 30.60 40.33 57.6 129 308.2 679 

 

4.4.4.4. Langmuir and Freundlich isotherms 

  

Two isotherm equations (in linear format) were tested in this work. One is the Langmuir and 

the Freundlich equations are commonly used for the describing adsorption equilibrium of 

adsorbate onto the adsorbent. The Langmuir isotherm is applicable to monolayer 

chemisorptions while Freundlich isotherm is used to describe adsorption on surface having 

heterogeneous energy distribution (Gupta et al., 2011). 

 

Under this condition tested in this work the following results were obtained for the Langmuir 

model in batch experiments. 
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                                           A                                                                         B 

  

 

Figure 4.27: Linearised version of Langmuir isotherm of various composites A. Alpha 
cellulose/chitosan composite and B. Banana rachis fibre/chitosan composite 

The adsorption of CBB G-250 dye (800 mg/l) using various adsorbents (alpha cellulose/chitosan 
composite and banana rachis fibre/chitosan composite) after 60 minutes, 30 oC, pH 6.59 – 6.71 and 3 

g/l adsorbents dosage (Figure 4.27 A and B). The correlation coefficient was found to be 0.9999 and 
0.994 for alpha cellulose/chitosan composite and banana rachis fibre/chitosan composite, respectively, 

indicating that the data was fitted well to the Langmuir model.  

 

It is observed that the alpha cellulose/chitosan composite Langmuir isotherm showed higher 

value of correlation coefficient (R2 = 0.9999) than that of the banana rachis fibre/chitosan 

composite Langmuir isotherm.  From the Langmuir plot, capacity of adsorption (36.67 and 

40.33 mg/g) for alpha cellulose/chitosan composite and banana rachis fibre/chitosan 

composite, respectively, and equilibrium concentration (690 and 679 mg/l) for alpha 

cellulose/chitosan composite and banana rachis fibre/chitosan composite, respectively were 

obtained. The closer the value is to 1, the better the fit, or relationship, between the two factors. 

The goodness of fit, or the degree of linear correlation, measures the distance between a fitted 

line on a graph and all the data points that are scattered around the graph. A good fit has an 

R2 that is close to 1 (www.investopedia.com /terms/C/coefficient – of – determination. Asp). A 

plot of 1/qe versus 1/Ce gives b and qmax if the isotherm follows the Langmuir equation 

(Annadurai et al., 2002) (Figure 4.27 A and B). 

 

Under this condition tested in this work the following results were obtained for the Freundlich 

model in batch experiments. 
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                                          A                                                                           B  

   

 

Figure 4.28: Freundlich isotherm of various composites A. Alpha cellulose/chitosan composite 

and B. Banana rachis fibre/chitosan composite 
The adsorption of CBB G-250 dye (800 mg/l) using various adsorbents (alpha cellulose/chitosan 

composite and banana rachis fibre/chitosan composite) after 60 minutes, 30 oC, pH 6.50 – 6.71, and 3 
g/l adsorbent dosage (Figure 4.28 A and B). The correlation coefficient was found to be 0.9715 and 
0.9635 for banana rachis fibre/chitosan composite and alpha cellulose/chitosan composite, 

respectively, indicating that the data was fitted well to the Freundlich model.   

 

It is observed that the banana rachis fibre/chitosan composite Freundlich isotherm showed 

higher value of correlation coefficient (R2 = 0.9715) than that of the other three Freundlich 

isotherm. The closer the value is to 1, the better the fit, or relationship, between the two factors. 

The goodness of fit, or the degree of linear correlation, measures the distance between a fitted 

line on a graph and all the data points that are scattered around the graph. A good fit has an 

R2 that is close to 1 (www.investopedia.com /terms/C/coefficient – of – determination. Asp). 

The intercept Kf obtained from plot of log qe versus log Ce is roughly a measure of the sorption 

capacity and the slope (1/n) of the sorption intensity. The magnitude of the term (1/n) gives an 

indication of the favorability and capacity of the adsorbent/adsorbate systems, according to 

Annadurai et al. (2002) (Figure 4.28 A and B). 

 

The adsorbents (alpha cellulose/chitosan composite and banana rachis fibre/chitosan 

composite) calculations for Langmuir and Freundlich isotherm parameters values are as 

follows: The equations to calculate the Langmuir and Freundlich isotherm parameters of CBB 

G-250 dye at different concentrations 100, 200, 400, and 800 mg/l for the chitosan at the 

dosage of 3 g/l is similar to the calculations for the other adsorbents (alpha cellulose/chitosan 

http://www.investopedia.com/
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and banana rachis fibre/chitosan composites) were calculated in Section 3.4.5 (Figure 4.27 A 

and B, Figure 4.28 A and B). 

 

The Langmuir and Freundlich adsorption isotherm constants for the adsorption of CBB G-250 

dye on banana rachis fibre/chitosan and alpha cellulose/chitosan composites are given in 

Table 4.6. 

 

Table 4.6: Langmuir and Freundlich isotherm constants for the adsorption of CBB G-

250 dye on various composites 

 

Equilibrium 

model 

Adsorbent (Correlation 

coefficient) R2 

Parameters Values 

Langmuir 

isotherm 

Alpha 

cellulose/chitosan 

composite 

0.9999 b (l/g) 5.79 

   qmax (mg/g) 45.87 

 Banana rachis 

fibre/chitosan 

composite 

0.994 b (l/g) 6.87 

   qmax (mg/g) 48.31 

Freundlich 

isotherm 

Alpha 

cellulose/chitosan 

composite 

0.9635 Kf (l/g) 1.96 

   n 2.18 

 Banana rachis 

fibre/chitosan 

composite 

0.9715 Kf (l/g) 2.90 

   n 2.44 

 

R2 Correlation coefficient 

b Empirical constant, indicating the affinity of sorbent towards the sorbate  

qmax Maximum possible amount of dye that can be adsorbed per unit dry weight of sorbent.  

Kf Empirical constant, indicates the adsorption capacity of the sorbent  

n Constant indicating the intensity of adsorption   
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Based on the correlation coeffient (R2) shown in Table 4.3, the adsorption isotherms with alpha 

cellulose/chitosan composite, followed by banana rachis fibre/chitosan composite can be 

described better by the Langmuir correlation coefficient (R2: 0.9999 and 0.994) which is bigger 

than the Freundlich correlation coefffient (R2). This means that Langmuir model is more 

applicable than Freundlich model. For the banana rachis fibre/chitosan composite, followed 

by alpha cellulose/chitosan composite can also be described by the Freundlich correlation 

coefficient R2 (0.9715 and 0.9635 respectively) since it (R2) is near to that of the Langmuir 

isotherm.  

 

The results showed that banana rachis fibre/chitosan composite, and alpha cellulose/chitosan 

composite were good adsorbents of the CBB G-250 dye because the value of n (2.44 and 

2.18) respectively were greater than 1. According to Kadirvelu and Namasivayam (2000) n 

values between 1 and 10 represents beneficial adsorption and thus the adsorption of dye on 

the adsorbents. The ‘n’ value is a variable whose value when greater than one indicates good 

adsorbance activity. The n value is a variable, from 1/n the exponent of non-linearity of the 

Freundlich adsorption isotherm. (Gupta et al., 2011).  

 

4.4.4.5. The glucose standard graph obtained using the anthrone method 

 

The glucose standard graph obtained using the anthrone method (Figure 4.29). 
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Figure 4.29: Standard curve depicting absorbance as a function of glucose content 

The standard curve had three standards points, the fourth one is a blank (no glucose). The picture of 
the no glucose (blank) in the appendix (Figure 4.31). 

 

The formula of the linear regression line obtained from Figure 4.29 was y = 0.0097x + 0.0718 

where y = absorbance readings at 620 nm and x = glucose level present in μg.  

 

The average absorbance value of the banana rachis fiber hydrolysate samples recorded at 

620 nm was 0.820. 

 

Therefore, solving for X: 

 

X = (Average of sample absorbance - 0.0718) 

                               0.0097 

    = 0.820 - 0.0718 

            0.0097 

    = 77.13 μg glucose. 

 

In 0.5 ml there was μg glucose. 

 

Therefore, in 50 ml (see page 62) there was X μg glucose. 

Solving for X: 
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X = 50 ml x 77.13 μg glucose 

               0.5 ml 

    = 7713 μg glucose 

 

To convert μg glucose to mg glucose divide by a 1000 

 

7713 μg = 7.713 mg carbohydrates present in 10 mg sample 1000 

 

The % carbohydrate (expressed as glucose) present in the sample therefore was: (7.713 

mg/10 mg) x 100 = 77.13%.  

  

The equation to calculate the percentage carbohydrate of the banana rachis fibre hydrolysate 

is similar to the calculations for the other adsorbents (alpha cellulose hydrolysate, alpha 

cellulose/chitosan composite hydrolysate, banana rachis fibre/chitosan composite 

hydrolysate, chitosan) with an absorbance of 0.900, 0.790, 0.720, and 0 nm, respectively were 

performed similarly as show above. 

 

Glucose is normally used to establish a calibration curve for the anthrone method and total 

sugars are expressed in terms of glucose. Under identical experimental conditions, equal 

quantities of adsorbents materials (banana rachis fibre, alpha cellulose, alpha 

cellulose/chitosan composite, banana rachis fibre/chitosan composite, and chitosan) samples 

showed a lighter green colour than does glucose with a darker green colour in Figure 4.31- 

4.36 (See appendix section) (Jutta., 1975). The absorbance or transmittance of the coloured 

sample is directly correlated with the presence of a certain functional groups or product in the 

mixture (www.currentprotocols.onlinelibrary.wiley.com).  

 

Carbohydrates, functional groups; hydroxyl group of one monosaccharides in the starch 

(Pomeranzy and Meloan, 1994). The significance of the carbohydrate content determinations 

is check for functional groups in the adsorbent which helps in the interaction between the dye 

and the adsorbent during the adsorption process. The increase in starch is accompanied by a 

parallel decrease in cellulose, hemicellulose, and pentosans. In banana rachis fibre there was 

a carbohydrate content of 77.13%, alpha cellulose 85.38%, alpha cellulose/chitosan 

composite 74.04%, banana rachis fibre/chitosan composite which are higher than 74% 

recorded by Debabandya et al. (2010). In banana rachis fibre/chitosan composite was a 

carbohydrate content of 66.83%, and chitosan 0% which are lower than to the 74% recorded 

by Debabandya et al. (2010) and 79.8% recorded by Baloyi (2012) for banana pseudo-stem. 

http://www.currentprotocols.onlinelibrary.wiley.com/
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The percentage of carbohydrate content present in banana rachis fibre, alpha cellulose, alpha 

cellulose/chitosan composite, banana rachis fibre/chitosan composite, and chitosan is given 

in Table 4.7. 

 

Table 4.7: Total carbohydrate (excluding hexosamine) content of various adsorbents 

as determined with the Anthrone method after acid hydrolysis 

 

Adsorbents Carbohydrate content present (%) 

Distilled water 0 

Chitosan  0 

Banana rachis fibre/chitosan composite 66.82 

Alpha cellulose/chitosan composite 74.04 

Banana rachis fibre 77.13 

Alpha cellulose 85.38 

 

4.4.4.5. The hexosamine standard graph obtained using the modification of the 

method to determine hexosamine 

 

The hexosamine standard graph obtained using the modification of the method to determine 

hexosamine (Figure 4.38).   
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Figure 4.37: Standard curve depicting absorbance as a function of hexosamine content 

 

The formula of the linear regression line obtained from figure 4.37 was y = 0.0097x + 0.1794 

where y = absorbance readings at 529 nm and x = hexosamine level present in μg. 

 

The average absorbance value of the chitosan hydrolysate samples recorded at 529 nm was 

0.663. 

 

Therefore, solving for X: 

 

X = (Average of sample absorbance – 0.1794) 

                               0.0097 

    = 0.663 - 0.1794 

            0.0097 

    = 49.86 μg 

 hexosamine. 

In 40 μl there was 49.86 μg hexosamine. 

 

Therefore, in 50 ml (see page 62) there was X μg hexosamine. 

 

Solving for X: 

X = 49.86 μg x 50 ml x 100 hexosamine 

y = 0.0097x + 0.1794
R² = 0.9389
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                40 μl 

    = 6232.5 μg hexosamine 

 

To convert μg hexosamine to mg hexosamine divide by a 1000 

 

6232.5 μg = 6.2325 mg hexosamine present in 100 mg sample 1000 

 

The % hexosamine (expressed as hexosamine) present in the sample therefore was: 

(6.2325mg/10 mg) x 100 = 62.23%.   

 

The equation to calculate the percentage hexosamine of the chitosan is similar to the 

calculations for the other adsorbents (banana rachis fibre/chitosan composite hydrolysate, 

alpha cellulose/chitosan composite hydrolysate, banana rachis fibre hydrolysate, and alpha 

cellulose hydrolysate) with an absorbance of 0.605, 0.550, 0.200, and 0 nm, respectively were 

performed similarly as shown above. 

 

Glucosamine is part of the structure of chitosan and chitin which compose the exoskeletons 

of crustaceans, arthropods and fungi. (Sibi et al., 2013). Under identical experimental 

conditions, equal quantities of adsorbents materials (banana rachis fibre, alpha cellulose, 

alpha cellulose/chitosan composite, banana rachis fibre/chitosan composite, and chitosan) 

samples showed a colourless colour and a light pink colour than does glucosamine with a pink 

colour in Figure 4.38- 4.43 (See appendix section). As hexosamines in polysaccharides are 

present in general in the form of their acetyl derivatives, the determination of hexosamine must 

be preceded by deacetylation.  

 

Apart from this, complete hydrolysis of glycosidic linkages is apparently necessary for this 

determination. As a rule the splitting of glycosidic linkages requires longer hydrolysis than is 

necessary for the deacetylation. Hydrolysis of polysaccharides split off the acetyl group of 

glucosamine. The significance of the hexosamine content determinations is check for 

functional groups (acetyl group) in the adsorbent which helps in the interaction between the 

dye and the adsorbent during the adsorption process. The determination of hexosamines in 

polysaccharides requires complete hydrolysis of the polysaccharide (Dische and Borenfreund, 

1950).  

 

The hydrolysis of chitosan results in monomers of   β-(1-4) – linked -D-glucosamine (GlcN), 

an amino monosaccharide with physiological importance to the human body. Glucosamine 

has been prepared from various crustaceans. The percentage of hexosamine content 
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recovered were 93% of chitosan as glucosamine (Wu et al., 2004) and 85.7 – 92.4% of 

chitosan as glucosamine (Zamani et al., 2008) higher than that of the chitosan of 62.23% 

obtained here. Hydrolised banana rachis fibre and alpha cellulose (2.65% and 0% 

respectively) samples contained the lower percentage of glucosamine when compare to the 

chitosan (62.23%). Banana rachis fibre/chitosan composite and alpha cellulose/chitosan 

composite (54.85% and 47.76%, respectively) were having a higher percentage of 

glucosamine obtained when comparing them with the banana rachis fibre and alpha cellulose 

because they contain the glucosamine from the chitosan used during composite production.  

 

Banana rachis fibre/chitosan composite and alpha cellulose/chitosan composite were having 

lower percentage of glucosamine obtained when comparing them to the chitosan (62.23%). 

The percentage of hexosamine content present on alpha cellulose, banana rachis fibre, 

banana rachis fibre/chitosan composite, alpha cellulose/chitosan composite, and chitosan is 

given in Table 4.8. 

 

Table 4.8: The percentage of hexosamine present in various adsorbents after acid 

hydrolysis 

 

Adsorbents Hexosamine content (%) 

Alpha cellulose 0 

Banana rachis fibre 2.65 

Alpha cellulose/chitosan composite 47.76 

Banana rachis fibre/chitosan composite 54.85 

Chitosan 62.23 
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4.5 . Conclusion 

 

1. The composite material is a material made from two or more constituent components with 

significantly different physical or chemical properties that, when combined, produce a 

material with characteristics different from the individual components. 

 

2. ATR-IR spectroscopy was used to identify the functional groups such as: hydroxyl (-OH), 

carbonyl (C=O), carboxyl (CO2H) of different adsorbents responsible for CBB sorption. 

Composites as well as components of composites were furthermore characterised by x-

ray diffraction.  

 

3. The crystallinity index, x-ray diffraction (CIXRD) percentage of chitosan, alpha 

cellulose/chitosan composite, alpha cellulose, chitosan, banana rachis fibre/chitosan 

composite, and banana rachis fibre readings values in this study range from the highest 

to the lowest 94.29%, 91.54%, 82.75%, 60.77%, and 37.69%. Alpha cellulose/chitosan 

composite, alpha cellulose, and chitosan seems to be having a higher percentage of 

crystallinity when compared with banana rachis fibre/chitosan composite, and banana 

rachis fibre respectively.  

 

4. The adsorption isotherms with alpha cellulose/chitosan composite, and banana rachis 

fibre/chitosan composite can be described better by the Langmuir model. Correlation 

coefficient, (R2: 0.9999, and 0.994) as bigger than the Freundlich correlation coefficient R2. 

This means that Langmuir model is more applicable than Freundlich model and adsorption 

occurred by CBB molecules forming a single layer of molecules on the adsorbents 

mentioned.  

 

Based on Freundlich data the ‘n’ value showed that banana rachis fibre/chitosan 

composite, and alpha cellulose/chitosan composite, respectively were good adsorbents of 

the CBB G-250 dye. The inverse of ‘n’ is a constant in Freundlich adsorption isotherm. 

Because all the values of n obtained for the different adsorbents sighted above (2.44 and 

2.18, respectively) were greater than 1, it suggested good adsorption capacity.   

 

5. Total sugar determination was performed after acid hydrolysates using the Anthrone 

method. The percentage of carbohydrate (expressed as glucose) present in different 

samples: 0% for chitosan hydrolysate, 66.82% for banana rachis fibre/chitosan composite 

hydrolysate, 74.04% for alpha cellulose/chitosan composite hydrolysate, 77.13% for 

banana rachis fiber hydrolysed, and 85.38% for alpha cellulose hydrolysed. The 

https://en.wikipedia.org/wiki/Physical_property
https://en.wikipedia.org/wiki/Chemical_property
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percentage of hexosamine (expressed as glucosamine) present in different samples were: 

0% for alpha cellulose hydrolysate, 2.65% for banana rachis fibre hydrolysate, 54.85% for 

banana rachis fibre/chitosan composite hydrolysate, 47.76% for alpha cellulose/chitosan 

composite hydrolysate, and 62.23% for chitosan hydrolysate.  

 

It was worthwhile to formulate composite materials from the available raw material 

because based on the crystallinity index %, banana rachis fibre/chitosan composite was 

less crystalline followed by alpha cellulose/chitosan composite, and for the adsorption of 

dye to occur fast the adsorbent must be more amorphous. Based on the carbohydrate and 

hexosamine content determinations, alpha cellulose/chitosan composite followed by 

banana rachis fibre/chitosan composite showed a good percentage for both the 

carbohydrate and hexosamine content determination which means they were having the 

functional groups needed for them to be a good adsorbent in the adsorption of dye.  
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                                               Chapter 5 

 

                                            Conclusion   
 

The adsorption of Coomassie brilliant blue dye using banana rachis fibre wastes, activated 

carbon, alpha cellulose, chitosan, alpha cellulose/chitosan composite and banana rachis 

fibre/chitosan composite were investigated. It can be concluded that activated carbon, 

followed by banana rachis fibre/chitosan composite, alpha cellulose/chitosan composite, alpha 

cellulose, banana rachis fibre and chitosan were effective adsorbents for adsorption of 

Coomassie brilliant blue dye at high concentration (800 mg/l) of dye based on experimental 

evidence. Banana rachis fibre wastes is easily available, has the potential to be used for small 

industries that releases certain types of dye as effluent. The present work explores a new 

cheaper adsorbent as an alternative to costly adsorbents for the removal of CBB.  

 

The main advantages of procedure are: cost of process, ease and simplicity of preparation of 

the sorbent, sensitivity and rapid attainment of phase equilibrium. ATR-IR analysis of banana 

rachis fibre, chitosan, alpha cellulose, and alpha cellulose/chitosan composite and banana 

rachis fibre/chitosan composite showed the presence of various functional groups indicating 

the complex nature of the adsorbents. XRD analysis of alpha cellulose/chitosan composite, 

banana rachis fibre/chitosan composite, banana rachis fibre, chitosan, and alpha cellulose 

showed that composites were more crystalline than the banana rachis fibre and alpha 

cellulose alone.  

 

Chitosan seems to be more crystalline than all adsorbents. Banana rachis fibre/chitosan 

composite and activated carbon exhibited the highest decolourisation activities on the lowest 

(50 mg/l and highest (800 mg/l) concentrations of CBB tested, respectively as were indicated 

in experiments where the effect of the adsorbents dosages on decolourization of the CBB G-

250 dye were studied. Banana rachis fibre/chitosan composite had the better capacity to 

adsorb CBB G-250 dye than the chitosan and banana rachis fibre separately therefore 

composite formation enhanced the adsorption efficiency for CBB dye.  

 

Banana rachis fibre, alpha cellulose, activated carbon, and chitosan showed that the 

equilibrium can be reached quickly based on equilibrium being attained after only 45 and 50 

minutes in most cases. For alpha cellulose/chitosan composite and banana rachis 
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fibre/chitosan composite showed that the equilibrium can be reached quickly based on 

equilibrium being attained after only 60 minutes. Based on Freundlich data the n value showed 

that banana rachis fibre/chitosan composite, followed by alpha cellulose/chitosan composite, 

activated carbon, banana rachis fibre, chitosan, and alpha cellulose, respectively were good 

adsorbents of the CBB G-250 dye.  These were so because all the values of n obtained for 

the different adsorbents sighted above (2.44, 2.18, 2.15, 2.06, 1.88, and 1.42), respectively 

were greater than 1, indicating good adsorption.  

 

Total carbohydrate present in hydrolysates alpha cellulose (as bench mark), followed by 

banana rachis fibre, were relatively high therefore the agricultural residues has a substantial 

potential to be used in biotechnology as a source of sugars. The sugars in banana rachis fibre 

can be accessible by effective pretreatments for lignocellulose degradation and enzymes for 

saccharification, chemical pretreatments for lignin degradation (organosolv based organic 

solvents, sodium hypochlorite, hypochlorous acid, hydrogen peroxide, alkaline hydrogen 

peroxide, and some combinations thereof).  

 

Lignin oxidation have demonstrated to reach the highest delignification yield, also in terms of 

monosaccharides recovery. The delignified samples were then saccharified with enzymes 

(cellulase and beta-glucosidase) and hydrolysis efficiency was evaluated in terms of final 

sugars recovery. Active chlorine oxidations, hypochlorous acid in particular, were best 

effective for lignin removal obtaining in the meanwhile the most promising cellulose-to-glucose 

conversion.  

 

The hexosamine content on the adsorbents hydrolysates present in chitosan, followed by 

alpha cellulose/chitosan composite, banana rachis fibre/chitosan composite were high, expect 

the banana rachis fibre and alpha cellulose, therefore the residues has a substantial potential 

to be used in biotechnology as a source of amino sugars. The information collected from this 

study may be informative to designing economically viable treatment process for removal of 

dye in effluents. This will support the technology evaluation of these new adsorbents.  

 

The formation of unique composite material from cheap waste materials such as banana 

rachis could bring new opportunities for technological developments and job creation locally. 

More work needs to be done to elucidate the mechanisms of sorption enhancement on a 
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molecular level and contribute to scientific knowledge in the fields of bioremediation and 

biotechnology. Scientific contributions were made in the area of material sciences and 

particular to the relative new field of composites. Further focus has been placed on rachis as 

useful resource for bioremediation/ biotechnological application and innovation. The present 

study suggests that the banana rachis fibre combined with chitosan can be used as a 

sustainable adsorbent to remove Coomassie Brilliant Blue G-250 dye from the wastewater 

efficiently.  
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                                                  Appendix 
 

A, Chapter 3 

 

3.4. Results and discussions 

 

3.4.2. Effect of the various adsorbent dosage on decolourization of the CBB G-250 dye 

 

A, Initial concentration (50 mg/l)  

1. Percentage of the decolourization (chitosan) 

The initial concentration represented by 50 mg/l. Ai represent the initial absorbance of the dye 

and At represent the absorbance of the dye at any interval. 

Decolourization (%) = Ai – At 

                                   …………….  x 100% 

                                       Ai 

                                 

                                = 0.032 – 0.014 

                                   …………………..  x 100% 

                                      0.032 

                               = 56.3% 

The percentage of the decolourization for chitosan at a dosage of 3 g was 56.3% 

Decolourization (%) = Ai – At 

                                  ………….  x 100% 

                                      Ai 

                                 = 0.032 – 0.017 

                                  ………………….  x 100% 

                                           0.032 
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                                = 46.9% 

The percentage of the decolourization for chitosan at dosage of 2.5 g was 46.9% 

Decolourization (%) = Ai – At 

                                  …………  x 100% 

                                     Ai 

                                = 0.032 – 0.020 

                                  …………………  x 100% 

                                        0.032 

                                = 37.5% 

 The percentage of the decolourization for chitosan at dosage of 2 g was 37.5% 

 

Decolourization (%) = Ai – At 

                                   ………….  x 100% 

                                       Ai 

                                = 0.032 – 0.025 

                                   …………………  x 100% 

                                        0.032 

                               = 21.9% 

The percentage of the decolourization for chitosan at dosage of 1.5 g was 21.9% 

Decolourization (%) = Ai – At 

                                   …………..  x 100% 

                                       Ai 

                                = 0.032 – 0.027 

                                  …………………  x 100% 

                                      0.032 

                                = 15.6% 



 

136 
 

The percentage of the decolourization for chitosan at dosage of 1 g was 15.6% 

 

2. Percentage of the decolourization (activated carbon) 

The initial concentration represented by 50 mg/l. Ai represent the initial absorbance of the dye 

and At represent the absorbance of the dye at any interval. 

Decolourization (%) = Ai – At 

                                   …………  x 100% 

                                      Ai 

                                = 0.032 – 0.005 

                                   ……………….  x 100% 

                                          0.032 

                                = 84.4% 

The percentage of the decolourization for activated carbon at dosage of 3 g was 84.4% 

 

Decolourization (%) = Ai – At 

                                  …………  x 100% 

                                     Ai 

                                = 0.032 - 0.010 

                                  ……………….  x 100% 

                                      0.032 

                                = 68.8% 

The percentage of the decolourization for activated carbon at dosage of 2.5 g was 68.8% 

Decolourization (%) = Ai – At 

                                   …………  x 100% 

                                      Ai 

                                 = 0032 – 0.017 
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                                   ………………..  x 100% 

                                        0.032 

                                 = 46.9% 

The percentage of the decolourization for activated carbon at dosage of 2 g was 46.9% 

Decolourization (%) = Ai – At 

                                  ………..  x 100% 

                                     Ai 

                                 = 0.032 – 0.019 

                                   ………………... 

                                        0.032 

                                  = 40.6% 

The percentage of the decolourization for activated carbon at dosage of 1.5 g was 40.6% 

Decolourization (%) = Ai – At 

                                   ………..  x 100% 

                                     Ai 

                                 = 0.032 – 0.022 

                                    ………………..  x 100% 

                                        0.032 

                                  = 31.3%  

The percentage of the decolourization for activated carbon at dosage of 1 g was 31.3%. 

 

3. The percentage of decolourization (Banana rachis fiber) 

The initial concentration represented by 50 mg/l. Ai represent the initial absorbance of the dye 

and At represent the absorbance of the dye at any interval. 

Decolourization (%) = Ai – At 

                                   ……….  x 100% 
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                                      Ai 

                                = 0.032 – 0.011 

                                   ………………..  x 100% 

                                       0.032 

                                = 65.6% 

The percentage of the decolourization for rachis fiber at dosage of 3 g was 65.6% 

Decolourization (%) = Ai –At 

                                  ……….. 

                                     Ai 

                                = 0.032 - 0.016 

                                  ………………..  x 100% 

                                      0.032 

                                =50%  

The percentage of the decolourization for rachis fiber at dosage of 2.5 g was 50% 

Decolourization (%) = Ai – At 

                                   ………. 

                                      Ai 

                                 = 0.032 - 0.019 

                                   ………………..  x 100% 

                                      0.032 

                                 = 40.6% 

The percentage of the decolourization for rachis fiber at dosage of 2 g was 40.6% 

Decolourization (%) = Ai – At 

                                   ………..  x 100% 

                                      Ai 

                                = 0.032 – 0.020 
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                                   …………………  x 100% 

                                       0.032 

                                = 37.5% 

The percentage of the decolourization for rachis fiber at dosage of 1.5 g was 37.5% 

Decolourization (%) = Ai – At 

                                  …………  x 100% 

                                     Ai 

                                = 0.032 – 0.025 

                                   …………………  x 100% 

                                         0.032 

                                = 21.9% 

The percentage of the decolourization for rachis fiber at dosage of 1 g was 21.9%.  

                        

B, High concentration (800 mg/l) 

 

1. The percentage of the decolourization (chitosan) 

High concentration represented by 800 mg/l. Ai represent the initial absorbance of the dye and 

At represent the absorbance of the dye at any interval.  

Decolourization (%) = Ai – At 

                                   …………  x 100% 

                                       Ai 

                                = 0.647 – 0.429 

                                  ………………..  x 100% 

                                       0.647 

                                = 33.7% 

The percentage of the decolourization for chitosan at dosage of 3 g was 33.7% 
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Decolourization (%) = Ai – At 

                                   …………  x 100% 

                                        Ai 

                                = 0.647 – 0.438 

                                   ………………...  x 100% 

                                         0.647 

                                = 32.3% 

The percentage of the decolourization for chitosan at dosage of 2.5 g was 32.3% 

Decolourization (%) = Ai – At 

                                   …………  x 100% 

                                       Ai 

                                 = 0.647 – 0.459 

                                   ………………..  x 100% 

                                        0.647 

                                 = 29.1% 

The percentage of the decolourization for chitosan at dosage of 2 g was 29.1% 

Decolourization (%) = Ai – At 

                                  ………….  x 100% 

                                     Ai 

                                = 0.647 – 0.464 

                                   ……………….. 

                                         0.647 

                                = 28.3% 

The percentage of the decolourization for chitosan at dosage of 1.5 g was 28.3% 

Decolourization (%) = Ai – At 

                                   ………….  x 100% 
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                                        Ai 

                                = 0.647 – 0.511 

                                  …………………  x 100% 

                                           0.647 

                                = 21.0% 

The percentage of the decolourization for chitosan at dosage of 1 g was 21.0% 

 

2. The percentage of the decolourization (banana rachis fiber) 

High concentration represented by 800 mg/l. Ai represent the initial absorbance of the dye and 

At represent the absorbance of the dye at any interval. 

Decolourization (%) = Ai – At 

                                   …………  x 100% 

                                      Ai 

    

 

                              = 0.647 – 0.521 

                                …………………  x 100% 

                                      0.647 

                              = 19.5% 

The percentage of the decolourization for rachis fiber at dosage of 3 g was 19.5% 

Decolourization (%) = Ai – At 

                                  ………..  x 100% 

                                     Ai 

                                = 0.647 – 0.536 

                                  …………………  x 100% 

                                         0.647 
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                                = 17.2% 

The percentage of the decolourization for rachis fiber at dosage of 2.5 g was 17.2%                    

Decolourization (%) = Ai – At 

                                  ………..  x 100% 

                                     Ai 

                                = 0.647 – 0.540 

                                  ………………... 

                                     0.647 

                               = 16.5% 

The percentage of the decolourization for rachis fiber at dosage of 2 g was 16.5% 

Decolourization (%) = Ai – At 

                                  …………  x 100% 

                                    Ai 

 

 

                                = 0.647 – 0.565 

                                  …………………  x 100% 

                                        0.647 

                                = 12.7% 

The percentage of the decolourization for rachis fiber at dosage of 1.5 g was 12.7% 

Decolourization (%) = Ai – At 

                                  …………  x 100% 

                                     Ai 

                                 = 0.647 – 0.604 

                                   ………………..  x 100% 

                                          0.647 
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                                 = 6.6% 

The percentage of the decolourization for rachis fiber at dosage of 1 g was 6.6%. 

 

3. The percentage of the decolourization (activated carbon). 

High concentration represented by 800 mg/l. Ai represent the initial absorbance of the dye and 

At represent the absorbance of the dye at any interval.  

Decolourization (%) = Ai – At 

                                  …………  x 100 

                                     Ai 

                                = 0.647 – 0.134 

                                  ………………..  x 100% 

                                      0.647 

                                = 79.3% 

The percentage of the decolourization for activated carbon at dosage of 3 g was 79.3% 

 

Decolourization (%) = Ai – At 

                                   ………..  x 100% 

                                      Ai 

                                = 0.647 – 0.150 

                                  …………………  x 100% 

                                       0.647 

                                = 76.8% 

The percentage of the decolourization for activated carbon at dosage of 2.5 g was 76.8% 

Decolourization (%) = Ai –At 

                                  …………  x 100% 

                                    Ai 
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                                = 0.647 – 0.166 

                                  …………………  x 100% 

                                      0.647 

                                = 74.3% 

The percentage of the decolourization for activated carbon at dosage of 2 g was 74.3% 

Decolourization (%) = Ai –At 

                                   ………..  x 100% 

                                      Ai 

                                = 0.647 – 0.193 

                                  ………………..  x 100% 

                                       0.647 

                                = 70.2% 

The percentage of the decolourization for activated carbon at dosage of 1.5 g was 70.2% 

Decolourization (%) = Ai –At 

                                   ………..  x 100% 

                                     Ai 

                                = 0.647 – 0.215 

                                 …………………  x 100% 

                                     0.647 

                                = 66.8% 

The percentage of the decolourization for activated carbon at dosage of 1 g was 66.8%. 

3.4.3 Equilibrium time sorption experiments 

 

A) Initial concentration (50 mg/l) 

Absorbance = 0.0205x – 0.2443 
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Therefore: X (Concentration of the CBB G-250 dye) = Absorption + 0.2443 

                                                                                     ----------------------------- 

                                                                                                0.0205 

 

                                                                                   = (0.026 x 25) + 0.2443 

                                                                                      ----------------------------- 

                                                                                         0.0205 

                                                                                     = 43.62 mg/l 

The concentration of dye at equilibrium (Ce) is therefore 43.62 mg/l for the activated carbon. 

The equation to calculate the percentage sorption activity of the activated carbon is: 

 

% Sorption activity = C0 – Ce  

                                                           ----------- x 100 

                                       C0 

where C0 is the initial dye concentration and Ce is the dye concentration at equilibrium. 

Therefore, 

%Sorption activity = 50 mg/l – 43.62 mg/l 

                                 ------------------------------ x 100 

                                                    50 mg/l 

                               = 12.76% 

The percentage sorption activity of the activated carbon is therefore 12.76%. 

Absorbance = 0.0205x – 0.2443 

Therefore: X (Concentration of the CBB G-250 dye) = Adsorption + 0.2443 

                                                                                      ----------------------------- 

                                                                                                0.0205 

 

                                                                                       = (0.028 x 25) + 0.2443 

                                                                                        ------------------------------- 

                                                                                                   0.0205 

                                                                                       = 46.06 mg/l 
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The concentration of dye at equilibrium (Ce) is the therefore 46.06 mg/l for the banana 

rachis fiber. 

The equation to calculate the percentage sorption activity of the free rachis fiber is: 

% Sorption activity = C0 – Ce 

                                   ----------- x 100 

                                        C0 

where C0 is the initial dye concentration and Ce is the dye concentration at equilibrium. 

Therefore,  

% Sorption activity = 50 mg/l – 47.06 mg/l 

                                 ----------------------------- x 100 

                                                50 mg/l 

                                 = 5.88% 

The percentage sorption activity of the banana rachis fiber is therefore 5.88%. 

Absorbance = 0.0205x – 0.2443 

Therefore: X (Concentration of the CBB G-250 dye) = Absorption – 0.2443 

                                                                                      ----------------------------- 

                                                                                                 0.0205 

                                                                                     = (0.031 x 25) + 0.2443  

                                                                                      ----------------------------- 

                                                                                               0.0205 

                                                                                      = 49.72 mg/l 

The concentration of dye at equilibrium (Ce) is therefore 49.72 mg/l for the chitosan. 

The equation to calculate the percentage sorption activity of the chitosan is:  

% Sorption activity = C0 – Ce 

                                    ---------- x 100 

                                               C0 

where C0 is the initial dye concentration and Ce is the dye concentration at equilibrium. 

Therefore, 

           % Sorption activity = 50 mg/l – 49.72 mg/l 

                                     ------------------------------- x 100 

                                                    50 mg/l   
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                                       = 0.56%  

The percentage sorption activity of the chitosan is therefore 0.56%.  

 

B, High concentration (800 mg/l)  

 

Absorbance = 0.0205x – 0.2443 

 

Therefore: X (Concentration of the CBB G-250 dye) = Absorption + 0.2443 

                                                                                      --------------------------- 

                                                                                                 0.0205 

 

                                                                                     = (0.434x25) + 0.2443 

                                                                                         --------------------------- 

                                                                                                   0.0205 

                                                                                      = 541.19 mg/l 

The concentration of dye at equilibrium (Ce) is therefore 541.19 mg/l for the alpha cellulose. 

The equation to calculate the percentage sorption activity of alpha cellulose is: 

 

% Sorption activity = C0 – Ce 

                                    ----------- x 100 

                                          C0 

where C0 is the initial dye concentration and Ce is the dye concentration at equilibrium. 

Therefore, 

% sorption activity = 800 mg/l – 541.19 mg/l 

                                 ------------------------------ x 100 

                                            800 mg/l 

                               = 32.35% 

The percentage sorption activity of alpha cellulose is therefore 32.35%. 

 

Absorbance = 0.0205x – 0.2443 

 

Therefore: X (Concentration of the CBB G-250 dye) = Absorption + 0.2443 

                                                                                      ---------------------------- 

                                                                                                  0.0205 

 

                                                                                      = (0.529 x 25) + 0.2443  
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                                                                                           ----------------------------- 

                                                                                                    0.0205 

                                                                                          = 657. 04 mg/l 

The concentration of the dye at equilibrium (Ce) is therefore 657.04 mg/l for the banana rachis 

fiber. The equation to calculate the percentage sorption activity of banana rachis fiber is: 

 

% Sorption activity = C0 – Ce 

                                  ---------- x 100 

                                      C0 

where C0 is the initial dye concentration and Ce is the dye concentration at equilibrium. 

Therefore, 

% Sorption activity = 800 mg/l – 657.04 mg/l 

                                 -------------------------------- x 100 

                                              800 mg/l 

                                 = 17.87% 

The percentage sorption activity of banana rachis fiber is therefore 17.87%.                            

 

Absorbance = 0.0205x – 0.2443 

 

Therefore: X (Concentration of the CBB G-250 dye) = Absorption – 0.2443 

                                                                                     ----------------------------- 

                                                                                               0.0205                    

 

                                                                                         

                                                                                    = (0.589 x 25) + 0.2443 

                                                                                       ---------------------------- 

                                                                                                0.0205 

                                                                                    = 730.21 mg/l 

 

The concentration of dye at equilibrium (Ce) is therefore 730.21 mg/l for the chitosan. 

The equation to calculate the percentage sorption activity of chitosan is:  

 

% Sorption activity = C0 – Ce 

                                   ------------ x 100 

                                          C0 
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where C0 is the initial dye concentration and Ce is the dye concentration at equilibrium. 

Therefore,  

% Sorption activity = 800 mg/l – 730.21 mg/l 

                                  -------------------------------- x 100 

                                             800 mg/l 

                                 = 8.7% 

The percentage sorption activity of chitosan is therefore 8.7% 

 

3.4.1.4. Equilibrium studies 

A. The capacity of adsorption of CBB G-250 dye using alpha cellulose, where calculated as 

follows (for alpha cellulose): 

 

1. qe for 100 mg/l 

 

qe = (CO – Ce) x V/W 

     = (100 – 77.8) x (0.3333) 

     = 7.40 mg/g 

 

2. qe for 200 mg/l 

 

qe = (C0 – Ce) x V/W 

     = (200 – 158.3) x (0.3333) 

     = 13.90 mg/g 

 

3. qe for 400 mg/l 

 

qe = (C0 – Ce) x V/W 

     = (400 – 325.3) x (0.3333) 

     = 24.90 mg/g 

 

4. qe for 800 mg/l 

 

qe = (C0 – Ce) x V/W 

     = (800 – 682.6) x (0.3333) 

     = 39.13 mg/g 
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B. The capacity of adsorption of CBB G-250 dye using banana rachis fiber, where calculated 

as follows (for banana rachis fiber): 

 

1. qe for 100 mg/l 

 

qe = (CO – Ce) x V/W 

     = (100 – 66.8) x (0.3333) 

     = 11.07 mg/g 

 

 

2. qe for 200 mg/l 

 

qe = (C0 – Ce) x V/W 

     = (200 – 146.1 x (0.3333) 

     = 17.97 mg/g 

 

3. qe for 400 mg/l 

 

qe = (C0 – Ce) x V/W 

     = (400 – 329) x (0.3333) 

     = 23.63 mg/g 

 

4. qe for 800 mg/l  

 

qe = (C0 – Ce) x V/W 

     = (800 – 692.4) x (0.3333) 

     = 35.87 mg/g  

 

C. The capacity of adsorption of CBB G-250 dye using activated carbon, where calculated as 

follows (for activated carbon): 

 

1. qe for 100 mg/l 

 

qe = (C0 – Ce) x V/W 

    = (100 – 55.8) x (0.3333) 

    = 14.73 mg/g 
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2. qe for 200 mg/l 

 

qe = (C0 – Ce) x V/W 

     = (200 – 120.5) x (0.3333) 

     = 26.50 mg/g 

 

3. qe for 400 mg/l 

 

qe = (C0 – Ce) x V/W 

     = (400 – 288.5) x (0.3333) 

    = 37.17 mg/g 

 

4. qe for 800 mg/l 

 

qe = (C0 – Ce) x V/W 

     = (800 – 655.8) x (0.3333) 

     = 48.07 mg/g 

 

B, Chapter 4  

 

4.4.4.7   Carbohydrate content of banana rachis fibre, alpha cellulose, chitosan, alpha 

cellulose/chitosan and banana rachis fibre/chitosan composites 

 

Figures 4.30-4.36 shows the results of carbohydrates content tests in distilled water, chitosan, 

alpha cellulose, banana rachis fibre, alpha cellulose/chitosan and banana rachis/chitosan 

composites after adding the anthrone reagent. 
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Figure 4.30: shows the different concentrations (0.1, 0.2, and 0.5 ml) of glucose solutions after 

the addition of anthrone reagent which was used to construct a standard curve of glucose 

 

 

 

Figure 4.31: shows the different concentrations (0.1, 0.2, and 0.5 ml) of distilled water after the 
addition of anthrone reagent 
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Figure 4.32: shows the different concentrations (0.1, 0.2, and 0.5 ml) of chitosan hydrolysate 

solutions after the addition of anthrone reagent 

 

 

Figure 4.33: shows the different concentrations (0.1, 0.2, and 0.5 ml) of alpha cellulose 

hydrolysate solutions after the addition of anthrone reagent 
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Figure 4.34: shows the concentrations (0.1, 0.2, and 0.5 ml) of banana rachis fibre hydrolysate 

solutions after the addition of anthrone reagent 

 

 

 

Figure 4.35: shows the different concentrations (0.1, 0.2, and 0.5 ml) of alpha cellulose/chitosan 

composite hydrolysate solutions after the addition of anthrone reagent 
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Figure 4.36: shows the different concentrations (0.1, 0.2, and 0.5 ml) of banana rachis 

fibre/chitosan composite hydrolysate solutions after the addition of anthrone reagent  

 

The anthrone reagent was chosen since it does not react with hexosamine (Sietsma and 

Wessels, 1981). This is also illustrated in Figure 4.32. The colour observed in the test tubes 

all exhibit a yellowish colour and the intensity does not seemingly increase with an increase 

of hydrolysate concentrations applied (0.1 to 0.5 ml), there was no change for chitosan 

hydrolysate colour as it contains the hexosamine. 

 

4.4.4.8 Hexosamine content of chitosan, alpha cellulose, banana rachis fibre, alpha 

cellulose/chitosan and banana rachis fibre/chitosan composites   

 

Figures 4.38-4.43 shows the test tubes solutions used for hexosamine determination in 

chitosan, alpha cellulose, banana rachis fibre, alpha cellulose/chitosan and banana 

rachis/chitosan composites after adding the Ehrlich reagent. 

 



 

156 
 

 

 

Figure 4.38: shows different concentrations (20, 30, 40, 50, and 70 μl) of glucosamine solutions 

after the addition of Ehrlich reagent for the standard curve of glucosamine  

 

 

 

Figure 4.39: shows different concentrations (20, 30, 40, 50, and 70 μl) of alpha cellulose 

hydrolysate solutions after the addition of Ehrlich reagent 
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Figure 4.40: shows different concentrations (20, 30, 40, 50, and 70 μl) of chitosan hydrolysate 

solutions after the addition of Ehrlich reagent 

 

 

 

Figure 4.41: shows different concentrations (20, 30, 40, 50, and 70 μl) of banana rachis fibre 

hydrolysate solutions after the addition of Ehrlich reagent 
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Figure 4.42: shows different concentrations (20, 30, 40, 50, and 70 μl) of alpha cellulose/chitosan 

composite hydrolysate solutions after the addition of Ehrlich reagent 

 

 

Figure 4.43: shows different concentrations (20, 30, 40, 50, and 70 μl) of banana rachis 

fibre/chitosan composite hydrolysate solutions after the addition of Ehrlich reagent 


