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Chitosan-Activated Carbon Nanocomposite as Novel Adsorbent for The Removal of 

Hexavalent Chromium from Tannery Wastewater 

Bernabas Seyoum Asres 

Abstract 

Nowadays, hexavalent chromium Cr (VI) loaded wastewater released from the leather tanning 

industry poses an increasing risk to human health and the environment. Currently, there are 

different conventional methods used to remove Cr (VI), however, they have different drawbacks 

like excess sludge production, treatment cost, and environmental pollution. There is a need for 

environmentally friendly and cost-effective methods for removal. Therefore, this study aimed to 

evaluate hexavalent chromium removal efficiency and capacity of chitosan-activated carbon 

nanocomposite from tannery wastewater. The nanoparticle was synthesized from an inedible 

part of the mushroom through demineralization, deproteinization,and deacetylation process. The 

nanoparticle was produced by the ionic gelation method used for the removal of hexavalent 

chromium from both synthetic and real wastewater. The particle size, functional  groups, and  

thermal stability of nanoparticles and nanocomposite were characterized by XRD ,FT- IR, and 

TGA, respectively. The results revealed that the produced nanocomposite was with a particle 

size of 16.12 nm crystalline. The concentration of Cr
 
(VI) was determined by using Carry UV-

Visible spectroscopy. The adsorption study revealed that the optimum pH, contact time, initial 

concentration, agitation speed, and dose were 4, 90 min, 4 mg/l, 150 rpm, and 0.7 gram with an 

adsorption capacity of 26.8 mg/g respectively. The maximum adsorption efficiency of the 

adsorbent investigated via monolayer formation was determined to be 96.99% at the optimum 

parameters.  The adsorption of Cr
 
(VI) on the nanocomposite was best fitted to the Langmuir 

isotherm model (R
2
=0.998), While the kinetics of Cr

 
(VI) adsorption on this adsorbent, was the 

most suitable to the pseudo-second-order model (R
2
= 0.999). The presented study proved that 

chitosan-activated carbon nanocomposite could be promising adsorbents for effective removal of 

hexavalent chromium from tannery wastewater treatment and conservation processes regarding 

improving environmental protection and community services. 

Keywords: Chitosan, Acivated carbon,Chromium (VI), Nanoparticle,  Tannery effluent 
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CHAPTER ONE: INTRODUCTION 

. 

1.1. Background of the study  

Rapid industrial expansion in Ethiopia is viewed as an indicator of economic progress, they are 

greatly associated with environmental degradation, particularly due to the discharge of untreated 

or partially treated wastewater. Industrial wastewater is heavily polluted with hazardous heavy 

metals that cause hazardous effects on plants, animals, and human health.  It is due to the 

bioaccumulation of such toxic heavy metal in the aquatic life which is ultimately transferred to 

human bodies through the ecosystem (Tripathi et al., 2018b). 

This natural resource is being contaminated every day by various anthropogenic activities such 

as the rapid growth of populations; urbanization and industrialization which have led to 

increased disposal of wastewater into the environment.  The tanning industry is considered to be 

a major source of water pollution and tannery wastewater, in particular, is a potential 

environmental concern because of the high concentration of chromium ion and a large number of 

organic and inorganic is a pollutant which causes soil and water pollution along with a serious 

threat to aquatic life and human health. Toxic heavy metal pollution such as chromium (VI) is 

one of the most significant environmental problems due to its harmful effects on human beings 

and the environment (Yasmeen et al., 2016).  

Over 95% of all leather manufactured in the tannery industry is chrome tanned and the tanning 

process requires a huge amount of chromium powder and liquor. Tanning has been ranked as one 

of the most polluting sectors in Ethiopia due to the high growth rate and discharge of untreated 

wastewater to the environment (Abdrie Seid, Tesfalem Belay, 2018). At present there are more 

than thirty-one tanning industries in Ethiopia, operating fully (LIDI, 2013).  Eleven of these 

tanning industries are found around Modjo town on the shore of the Modjo River (LIDI, 2012). 

The operation of tanneries in Ethiopia is causing severe environmental pollution due to the 

disposal of untreated effluent on land and in water bodies (Andualem Mekonen and Seyoum 

Leta, 2011). 
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Conventional chrome tanning in leather production produces spent liquors containing significant 

amounts of chromium and other polluting substances, both organic and inorganic. From the total 

Chromium is used for tanning, only 60% to 70% is utilized, while the rest 30 to 40% remain in 

the spent tanning liquor. Chromium containing wastes are generated by industries such as leather 

tannery, electroplating, paint, and pigment manufacturing. The form of Cr (VI) is responsible for 

human carcinogens as well as water and soil pollution (Cassano et al., 2007). 

Chromium in wastewater can be generated from anthropogenic and natural sources. The most 

common anthropogenic source of chromium is from wastewater resulting from tanning, mining 

operations, electroplating, textile dying, paper pulping, petroleum refining, and metal finishing 

processes (Punrat et al., 2016). The contamination of the environment by chromium (VI) is a 

critical problem because of its adverse effects on aquatic life and human health (Berihun,  2017).  

Hexavalent chromium ions are strongly oxidizing, and of all Cr ions most toxic and with the 

highest risk to trigger Carcinogenesis. Under suitable conditions Cr (III) can be oxidized to Cr 

(VI) by the reaction 2Cr2O3 + 3O2 → 4CrO3, to increase the toxic impact of chromium exposure 

(Kalidhasan et al., 2016). 

Hexavalent chromium is toxic to most of the plants at concentrations that vary from 5 to 100 mg 

kg
-1

of available chromium in soil.  Because of its high oxidizing potential, Cr (VI) exhibits 

mutagenic and carcinogenic effects on biological systems ((Tripathi et al., 2018a). Adverse 

health effects associated with hexavalent chromium exposure include occupational asthma, eye 

irritation and damage, perforated eardrums, respiratory irritation, kidney damage, liver damage, 

pulmonary congestion and edema, upper abdominal pain, nose irritation and damage, respiratory 

cancer, skin irritation, and erosion and discoloration of the teeth (ATSDR, 2008). Therefore, the 

development of an effective way to reduce the amount of Cr
 
(VI) in the environment became an 

urgent and important issue. So far different methods have been used to remove Cr
 
(VI) from 

tannery wastewater such as chemical precipitation, filtration, ion-exchange, electrolysis,  lime 

coagulation,   solvent extraction, reverse osmosis, and electrocoagulation(Zahoor, 2014)(Futalan 

et al., 2011). 
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However, all these methods have their inherent advantages and limitations in application. Most 

of the methods suffer from some drawbacks such as incomplete hexavalent chromium removal, 

low selectivity, high reagent, and energy requirement, high capital and operational cost, and 

generation of toxic sludge, produce a high amount of mud, maintenance costs, and requirements 

for expensive equipment and monitoring systems and other waste product that requires careful 

disposal has made it imperative for a cost-effective treatment method (Grégorio Crini, Eric 

Lichtfouse, Lee Wilson, 2019). Among the possible techniques for water treatments, the 

adsorption process by solid adsorbents shows potential as one of the most efficient methods for 

the treatment and removal of organic contaminants in wastewater treatment.  Adsorption has 

advantages over the other methods because of simple design and can involve low investment in 

term of both initial cost and land required. The adsorption process is widely used for treatment of 

industrial wastewater from organic and inorganic pollutants and meet the great attention from the 

researchers.  

In recent years, the search for low-cost adsorbents that have pollutant–binding capacities has 

intensified. Materials locally available such as natural materials, agricultural wastes and 

industrial wastes can be utilized as low-cost adsorbents. Recent advances in nanotechnology 

suggest that nanoparticle sorbents can be useful in solving problems of heavy metal pollution. 

New adsorbents have superior performance due to their high specific surface area.  The unique 

properties of nano adsorbents are being exploited by researchers for developing effective 

sorbents and improving the existing ones for metal ion removal and recovery from effluents. 

Nanoparticle adsorbents, such as activated carbon/nanoscale zero-valent iron composites, 

activated carbon modified by silver bimetallic nanoparticles, have been used to remove Cr (VI) 

(Punrat et al., 2016). 

Among these adsorbents, chitosan has proven to be a promising adsorbent (Ou et al., 2018). 

Nanocomposites adsorbent prepared from an inedible  mushroom materials has been investigated 

for the removals of hexavalent chromium, because of high abundance in nature, low cost, non-

toxic, biodegradability, and great surface area. It is soluble in a few dilute acid solutions due to 

its crystalline character also known as an excellent biosorbent for metal ions in acidic or near-

neutral solutions. This is attributed to high hydrophilicity due to a large number of hydroxyl 

groups of glucose units and the presence of a large number of functional groups (amine, primary 

amino, and/or hydroxyl groups). The other important advantage of this biosorbent is the high 
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chemical reactivity of the above-mentioned functional groups and the flexible structure of the 

polymer chain (Kasaai, 2009). Recent widespread application of chitosan for the removal of 

metal ions from aqueous solution is due to the existence of hydroxyl and amine groups in their 

chemical structure, having high potential to bind with metal ions (Zhang et al., 2016). The 

combination of advantages of chitosan and nanotechnology is attractive for adsorption processes. 

For example, nanocomposite adsorbent has a higher adsorption capacity and faster adsorption 

kinetics than pure chitosan. These novel nanoparticles can effectively adsorb several organic and 

inorganic contaminants in wastewater ((Minas et al., 2017) and (Abas et al., 2013). In the present 

study, chitosan charcoal nanocomposite was applied for the first time as adsorbents of Cr (VI).  

The effect of the contact time of adsorbate with adsorbents, pH of the solution, initial 

concentration of the hexavalent chromium ion solution, and agitation speed on the sorption 

capacity of materials was established. The experimental data obtained from the equilibrium 

studies were fitted to langmuir and freundlich adsorption models. Besides, kinetic studies were 

also carried out to determine adsorption kinetics. 

1.2. Statement of the problem 

Tannery wastewater consists of different chemicals including chromium-containing waste which 

has the potential of causing different pollution problems to the environment and human health. 

The tanning industry generates high organic load and chromium Cr (III and VI) ion during the 

tanning and pre-tanning stage, most of the time in developing countries, which discharged 

wastewater to the water bodies pose greater health and environmental risks to the downstream 

users and ecological degradation in water bodies.  Excessive accumulation of Cr (VI)  in tannery 

wastewater streams in agricultural soils through wastewater irrigation may not only result in 

water and soil contamination, but also affect food quality and safety, which can be easily 

absorbed into the body through the digestive system, respiratory tract, and skin contact and 

becomes carcinogenic (Tadesse , 2010). 

Tannery effluents contain a large amount of chromium ion in Ethiopia that is above the 

permissible standards (Seyoum Leta et al., 2004). The permissible limit of Cr (VI) is 0.05 mg/L 

for potable water and 0.1 mg/L for discharge to inland surface water. But the study conducted by 

(Minas et al., 2017) the concentration of hexavalent chromium found in leather tanning, the 

working process is very high when compared with the standard which is expected from the 

leather tanning industry.  In previous studies, hexavalent chromium was adsorbed on different 
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types of materials such as activated carbon (Eletta et al., 2019), modified Maerua Subcordata 

Root (Berecha, 2015) modified moringa oleifera seedpod (B. Tadesse, 2018), However, the 

application of these materials on a larger scale has some drawbacks. The study conducted by 

(Minas et al., 2017) revealed that around 90% of the tanning industry were  partially treat their 

waste and, a few 10% of the tanning industry treat their waste before discharging it to the 

receiving water bodies. Most of the researches were focused on the physiochemical and 

Biological test method (Suneeta et al., 2016)( Kumar et al., 2019).  

  However, Chemical methods have disadvantages that generate secondary pollutants of toxic 

sludge and or other waste products that require addressing disposal problems, high capital and 

operational costs, high energy input, and large quantities of chemical reagents or poor treatment 

efficiency at low metal concentration. Removal of hexavalent chromium from tannery 

wastewater by using the novel adsorbent, chitosan-activated carbon nano-composite as in my 

knowledge  not known as reported. Therefore, it is urgently needed to develop alternative cost-

effective and efficient treatment technology, by increasing research interest by using alternative 

low-cost and effective adsorbent, since chitosan is inexpensive, biodegradable, and non-toxic 

adsorbent, but there is no study on the removal of hexavalent chromium by chitosan-activated 

carbon nano-composite. 

1.3. Objectives of the study 

1.3.1. General objective 

The general objective of this study was to evaluate hexavalent chromium removal efficiency and 

capacity of chitosan-activated carbon nanocomposite from tannery wastewater. 

1.3.2. Specific objectives 

 To synthesize and characterize the chitosan-activated carbon nanocomposite using XRD, 

FTIR,and TGA. 

  To optimize the effect of selected process variables (pH, time, initial concentration, and 

adsorbent dosage). 

 To determine the adsorption kinetics and adsorption isotherm  

 To characterize the physico-chemical of tannery wastewater 

 To determine the amount of hexavalent chromium in  real and synthetic wastewater 
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1.4. Significance of the study 

Tannery wastewater is a considerable source of environmental contamination due to the 

generation of wastewater pollutants. Treating the tannery effluent contaminated with hexavalent 

chromium ions within the industrial premises before being discharged into the environment is an 

efficient way to remove hexavalent chromium ions rather than treating high volumes of 

wastewater in a general sewage treatment plant. So far various wastewater treatment techniques 

have been used to remove heavy metals from industrial wastewater. Wastewater treatment 

through adsorption is one treatment technique used. From this research work, the leather 

industries are getting cost-effective alternative wastewater treatment methods. Markedly reduce 

environmental pollution regarding the discharge of hexavalent chromium ion into a river and 

public health problems related to tannery wastewater. The work may serve as baseline 

information for researchers to further develop the treatment process at pilot scale and full scale 

using this low cost and efficient adsorbent. 

Therefore the significance of this study is the removal of hexavalent chromium discharged to the 

environment from the tannery industry by using the novel adsorbent, Chitosan-activated carbon 

nano-composite as an adsorbent which is so far not known as reported. 

1.5. Scope of the Study 

Chitosan nanoparticle was prepared by ionic gelation method under room temperature, 

with a pH range of 2-12. The characterization was carried out by using FTIR, XRD, and TGA 

however, SEM was not implemented due to the absence of the instrument. Determination of, 

particle size, and the functional group was the domain of the study.  
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CHAPTER TWO:LITERATURE REVIEW 

2.1. Introduction  

Environmental pollution, which arises from the development of modern industrial activities, is 

one of the most significant problems of the country. Most industrialists try to discharge their 

wastewater effluents inadequately treated or untreated, directly to rivers or nearby water bodies, 

and land without considering the level of damage it may bring to the local community.  Pollution 

differs from contamination; however, contaminants can be pollutants and pose a detrimental 

impact on the environment. From literature, pollution is defined as the introduction by man, 

directly or indirectly, of substances or energy into the environment resulting in such deleterious 

effects as harm to living resources, hazards to human health, hindrance to environmental 

activities, and impairment of quality for use of the environment and reduction of amenities (El-

Sherif et al., 2013).  

Wastewater comprises water generated from the tannery, homes, public and private institutions, 

rural areas, urban areas, farms, industries, and other point and non-point sources (Majeed et al., 

2014). Billions of gallons of liquid waste from agricultural, industrial, domestic, and commercial 

sources are discharged into fresh surface water bodies every day (Renge et al., 2012). 

Worldwide, between 300 to 400 million tons of liquid and hazardous waste are discharged from 

industries annually to living organisms in nearby river bodies (UNEP, 2010). Similarly, 

approximately two million tons of liquid wastewater is released each day from non-point 

sources, like agricultural areas, and from point sources, like tannery industries, to surface water 

bodies across the globe (G. L. Tadesse & Guya, 2017). The release of untreated tannery 

wastewater to the surrounding area can lead to the pollution of rivers and streams. Industrial 

wastewater contains harmful suspended and dissolved matter, like heavy metals, and inorganic 

matter, which when released untreated greatly affects the environment and causes serious health 

problems to living organisms.   
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2.2. Types of pollutants 

Environmental pollutants continue to be a world concern and one of the great challenges faced 

by the global society. Pollutants can be naturally occurring compounds or foreign matter which 

when in contact with the environment cause adverse changes. There are different types of 

pollutants, namely inorganic, organic, and biological. Irrespective of pollutants falling under 

different categories, they all receive considerable attention due to the impacts they introduce to 

the environment. The relationship between environmental pollution and the world population has 

become an inarguable directly proportional relationship as it can be seen that the amount of 

potentially toxic substances released into the environment is increasing with the alarming growth 

in the global population. This issue has led to pollution is a significant problem facing the 

environment. 

2.2.1. Inorganic pollutants 

Industrial, agricultural and domestic wastes contribute to environmental pollution, which causes 

adverse harm to human and animal health. From such sources, inorganic pollutants are released. 

Inorganic pollutants are usually substances of mineral origin, with metals, salts, and minerals 

being examples (El-Sherif et al., 2013). Studies have reported inorganic pollutants as material 

found naturally but have been altered by human production to increase their number in the 

environment. Inorganic substances enter the environment through different anthropogenic 

activities such as tannery industry, mine drainage, smelting, metallurgical and chemical 

processes, as well as natural processes. These pollutants are toxic due to the accumulation in the 

food chains. 

2.2.2. Organic pollutants 

Organic pollution can be briefly defined as biodegradable contaminants in an environment. 

These sources of pollution are naturally found and caused by the environment, but anthropogenic 

activity has also been contributing to their intensive production to meet human needs (Sartape et 

al., 2010). Organic pollutants have gained attention as they have become a major problem in the 

environment. Properties of organic pollutants, amongst others, such as high lipid solubility, 

stability, lipophilicity, and hydrophobicity have recently made organic pollutants termed 

persistently. These properties give organic pollutants the ability to easily bioaccumulate in the 

different spheres of the environment, thus causing toxicological effects (Lepp, 2012). 
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2.2.3. Biological pollutants 

Biological pollutants are described as pollutants that exist as a result of humanity’s actions 

and impact on the quality of the aquatic and terrestrial environment. This type of pollutants 

include bacteria, viruses, molds, mildew, animal dander, and cat saliva, house dust, mites, 

cockroaches and pollen. Studies have documented different sources of these pollutants, including 

pollens originating from plants; viruses transmitted by people and animals; bacteria carried by 

people, animals, and soil and plant debris (Elliott, 2003). 

2.2.4. Heavy metals pollution 

Although there is no specific definition of heavy metal, literature has defined it as a naturally 

occurring element having a high atomic weight and high density which is five times greater than 

that of water (Bánfalvi, 2011). Among all the pollutants, heavy metals have received paramount 

attention from environmental chemists due to their toxic nature. Heavy metals are usually present 

in trace amounts in natural waters but many of them are toxic even at very low concentrations 

(Herawati et al., 2000). 

Metals such as arsenic, lead, cadmium, nickel, mercury, chromium, cobalt, zinc, and selenium 

are highly toxic even in minor quantities. An increasing quantity of heavy metals in our 

resources is currently an area of greater concern, especially since a large number of industries are 

discharging their metal-containing effluents into freshwater without any adequate treatment 

(Salomons W, et al., 1995). Heavy metals become toxic when they are not metabolized by the 

body and accumulate in the soft tissues. They may enter the human body through food, water, 

air, or absorption through the skin when they come in contact with humans in agriculture, 

manufacturing, pharmaceutical, industrial or residential settings. Heavy metals are poisonous 

chemicals that have a specific gravity of more than 5 g.cm-3 and consistence ≥ 5 and five times 

greater than the specific gravity of water at 40C(Abas et al., 2013).  The toxic heavy metals 

contaminate in wastewater due to the discharge of heavy metal-containing effluents into water 

bodies is one of the most environmental issues of this century. Heavy metals are discharged in 

small quantities into the environment through numerous industrial activities.  Heavy metal 

pollution represents a significant environmental problem arising from its toxic effects and 

accumulation through the food chain. 
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2.3. Sources of heavy metals 

Sources of heavy metals in the environment include geogenic, industrial, agricultural, 

pharmaceutical, domestic effluents, and atmospheric sources. Environmental pollution is very 

prominent in point source areas such as mining, foundries and smelters, and other metal-based 

industrial operations. Heavy metals can emanate from both natural and anthropogenic processes 

and end up in different environmental compartments (soil, water, air, and their interface). 

2.3.1. Natural processes 

Many studies have documented different natural sources of heavy metals. Under different and 

certain environmental conditions, natural emissions of heavy metals occur. Such emissions 

include volcanic eruptions, sea-salt sprays, forest fires, rock weathering, biogenic sources, and 

wind-borne soil particles. Natural weathering processes can lead to the release of metals from 

their endemic spheres to different environmental compartments. Heavy metals can be found in 

the form of hydroxides, oxides, sulfides, sulfates, phosphates, silicates, and organic compounds. 

The most common heavy metals are lead (Pb), nickel (Ni), chromium (Cr), cadmium (Cd), 

arsenic (As), mercury (Hg), zinc (Zn), and copper (Cu). Although the aforementioned heavy 

metals can be found in traces, they still cause serious health problems to humans and other 

mammals (Herawati et al.,2000). 

2.3.2. Anthropogenic processes 

Industries, agriculture, wastewater, mining, and metallurgical processes, and runoffs also lead to 

the release of pollutants to different environmental compartments. Anthropogenic processes of 

heavy metals have been noted to go beyond the natural fluxes for some metals. Metals naturally 

emitted in wind-blown dust are mostly from industrial areas. Some important anthropogenic 

sources which significantly contribute to the heavy metal contamination in the environment 

include automobile exhaust which releases lead; smelting which releases arsenic, copper, and 

zinc; insecticides that release arsenic and burning of fossil fuels which release nickel, vanadium, 

mercury, selenium, and tin. Human activities have been found to contribute more to 

environmental pollution due to the everyday manufacturing of goods to meet the demands of the 

large population (Society, 2016). 

Different industries discharge their wastes containing different heavy metals into the 

environment such as mining; energy and fuel production; electroplating; atomic energy 

installation and the Leather manufacturing industry, etc. Tanning industry wastes pose a serious 

environmental impact on water, soil, and atmospheric systems. The untreated release of tannery 
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effluents containing high COD, BOD levels, trivalent chromium, hexavalent chromium, sulfides, 

sodium chloride, organics, and other toxic ingredients, to the natural water bodies affect flora 

and fauna of the ecosystem and increases the health risk of human beings. According to available 

evidence, including the World Health Organization (WHO), (Abas et al., 2013), heavy metals 

and toxic chemicals that are of immediate concern are Cr, Pb, Hg, Cd, Zn, Cu, and Fe.  The 

industrialization drive of most developing countries, like Ethiopia, has attracted foreign 

investments, it has led to the heavy pollution of water bodies because of the discharge of 

untreated industrial waste. Chromium is the most significant environmental problem due to its 

hazards for human and ecological systems (Punrat et al., 2016).  

2.4. Description of tannery production process and wastewater generation  

Leather tanning is a production process in which animal hides and skins are transformed by 

using water, chemicals, and mechanical process. The tanning processes generate a high content 

of chromium, BOD, COD, salt, acid, suspended solids. The finishing process generates BOD, 

COD, salt, chromium, oils (Correa et al., 2018). 

Therefore, wastewater from the process will contain a high concentration of pollutants. The 

characteristics of wastewater and the pollution load depend on the type of production process 

including the source of the tanning. Effluent/wastewater/ management in tanneries requires a 

comprehensive approach so that chemicals used in leather processing are optimized, pollution 

minimized, and water consumption is reduced. In most Ethiopia tanneries effluent management 

systems are not clearly defined and efficiently installed. Inadequate wastewater management 

system in tanneries triggers inefficiency in environmental management.  

The leather production process in tanneries is categorized depending on the type of product, 

chemicals used, water usage, and machinery employed, and other technical specificities. Soaking 

and washing to remove salt, restore the moisture contents of the hides, and remove any foreign 

material such as dirt and manure; liming to open up the collagen structure by removing 

interstitial material;   fleshing to remove excess tissue from the interior of the hide; 

dehairing/dewooling to remove hair/wool either by mechanical or chemical means; bating and 

pickling to delime the skins, and condition the hides to receive the tanning agents; and tanning to 

stabilize the hidden material and impart basic properties to the hides; (UNEP , 2010). The 

process of chromium tanning is based on the cross-linkage of chromium ions with free carboxyl 

groups in the collagen. It makes the hide resistant Tanning involves a complex combination of 

mechanical and chemical processes.  
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Figure 1: Simplified Tannery Production Chain 

As a result of these processes, effluents (wastewater) or untreated liquid wastes are generated 

that constitute a major environmental and health hazard. Surveys reveal serious health disorders 

and environmental problems in the areas where tanneries are located, including contamination of 

soil, underground water, and food (Khan et al., 2017). 

2.5.  Chemistry of Chromium  

Chromium occurs in six different forms of oxidation states ranging from Cr (I) up to Cr (VI), but 

the two common valence states are trivalent and hexavalent chromium forms. The hexavalent 

species exists primarily as chromic acid (H2CrO4) and its salts, hydrogen chromate ion (HCrO4
–
), 

and chromate ion (CrO4
2–

), depending on the pH.  The predominant species present, as a function 

of the pH, are H2CrO4 at pHs less than about 1, HCrO4
–
at pHs between 1 and 6, and CrO4

2–
at pH 

above about 6 (Gholipour et al., 2011).   
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     Figure 2: Relative distribution of Cr (VI) species in water as a function of pH and Cr (VI)  

Concentration (Gholipour et al., 2011) 

2.5.1. Sources of Chromium Contaminations  

Chromium contamination is primarily owing to its use in numerous industrial processes such as 

metallurgy, refractory, and chemical manufacturing involving numerous commercial processes 

like leather tanning, electroplating, manufacturing of dye, paint, and paper milling, mining (ore 

refining),  and wood preservation (Suneeta et al., 2016). In environment waters, chromium exists 

inpredominalty two stable oxidation states Cr (III) and Cr (VI) and has contrasting toxicities 

mobilities, and availability (Nomanbhay, 2005). 

Cr (III) is an essential component having an important role in glucose, lipid, and protein 

metabolism, while Cr (VI) has a definite adverse impact on living organisms. Cr (VI) is known 

to have 100- fold higher toxicity than Cr (III) because of its high water solubility, mobility, and 

easy reduction (Gokila et al., 2017).  The United States Environmental Protection Agency (EPA) 

has laid down the maximum contaminant level for Cr (VI) into inland surface waters as 0.1mg/l 

and in domestic water supplies to be 0.05mg/l. The toxicological effect of hexavalent chromium 

originates from the action of this form itself as an oxidizing agent, as well as the formation of 

free radicals during the reduction of Cr(VI) to Cr(III) occurring in the cell (Das;2004). The 
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nature and behavior of various forms of Cr (VI) found in wastewaters can be quite variable. The 

presence, form, and concentration of Cr (VI) in discharged effluents depend mainly on the Cr
 

(VI) compounds utilized in the industrial process, on the pH, and the presence of other organic 

and inorganic processing wastes. Chemicals containing Cr (VI) are principally used for leather 

tanning, metal plating (which uses chromic acid H2CrO4) as dyes, and paint pigments, In 

wastewater where Cr (III) is the most expected form, the red-ox reactions occurring in sludge 

because of the presence of oxidized impurities can increase the concentration of Cr (VI). That is 

why adsorbents that have both cation and anion-exchangeable possibilities are the objects of 

many studies. 

2.5.2. Chromium from tannery effluent 

 Tannery effluents are ranked as the highest pollutants among all industrial wastes. They are 

especially large contributors to chromium pollution (Jang et al., 2020).  Chromium is highly 

toxic and carcinogenic to human beings, animals, plants, and the general environment (soil and 

water sediment). Chrome is the primary threat whenever the tanning industry comes in to 

practice.  Tannery effluents containing chromium have toxicity as their dissolved Cr (VI). The 

hexavalent chromium salts can easily go into the circulation system through the lung, infiltrate 

cells, combine with big molecules after being reduced to Cr(III),and eventually form the 

“ultimate Carcinogen” ((El-Sherif et al., 2013).  If untreated wastewater containing Cr (VI) is 

directly discharged to the environment,  the environment and ecosystem would be polluted and 

people’s health would be endangered seriously.  

In the tanning industry leather processing involves a changeover of put quick-tempered conceals 

or skin into leather. Tanning factors could help stabilization of the skin matrix against 

biodegradation. Basic Chromium sulfate is a tanning agent, which is employed by 90% of the 

tanning industry. Conventional Chrome tanning consequences in effluent containing as high as 

1500−3000 ppm (parts per million) of Chromium; nevertheless, high-exhaust Chromium tanning 

techniques lead to an effluent containing 500−1000 ppm of Chromium (Aravindhan et al., 2004). 

2.6. Chromium Toxicity  

The metals of most immediate concern are chromium, arsenic, mercury, and lead of which 

hexavalent chromium compounds are responsible for the majority of the health problems.  If 

chrome discharges are excessive, the chromium might remain in the solution ( Tesfalem Belay, 

2018). Even in low concentrations, it has a toxic effect on aquatic life, thus disrupting the food 
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chain for aquatic life and causes underground water pollution. Chromium in soils affects plant 

growth, it is non-essential for microorganisms and other life forms, and when in excess amounts 

it exerts a toxic effect on them after cellular uptake (Malairajan & Mengistie, 2007).  

Chromium has a chronic toxic effect upon aquatic life especially, dichromate which is toxic to 

fish life and rapidly penetrates cell walls. They are mainly absorbed through the gills and the 

effect is accumulative. Trivalent chromium is an essential nutrient, required for normal energy 

metabolisms in animals. Ingesting small amounts of chromium will generally not harm, however 

ingesting above recommended levels over long periods can result in adverse health effects 

including gastro-intestinal irritation, stomach ulcers, heart burning, respiratory tract infection, 

severe cough, fever, and loss of eyesight.  Lung cancer and kidney failure were the reported 

causes of death in many cases.  Skin contact may result in systemic poisoning, damage, or even 

severe burns, interference with the healing of cuts or scrapes which, if not treated properly, may 

lead to ulceration and severe chronic allergies. Eye exposure may cause permanent damage.  In 

general, Cr (VI) is more toxic, more soluble, more mobile, and hence absorbed into cells more 

readily than trivalent chromium. 

2.7. Chromium Removal Technologies  

Chromium contamination is common all over the world. For water resources, the impact of this 

contamination is severe. Hence, it is desirable to remove chromium from contaminated water. 

Many treatment processes have been developed to remove chromium from wastewater (Khan et 

al., 2017). There are three main kinds of treatment techniques for tannery wastewater; which are 

physical, chemical, and biological methods. The most commonly used chemical methods of 

treating tannery effluent are by the process of coagulation and flocculation of the pollutants from 

the effluent. For the physical methods, it is possible to mention aeration and in the case of 

biological methods, different kinds of plants and microorganisms are involved. However, in most 

cases, it is difficult to say only one of these methods is involved in the treatment process because 

these methods are inter-related to one another (Punrat et al., 2016),and(Panizza, 2004). 

2.7.1. Chemical precipitation 

Chemical precipitation is the method, in which dissolved and suspended metal ions are 

transformed into an insoluble solid through a chemical reaction. Usually, a precipitating agent 

accelerates this conversion from metal ions into insoluble solid. The commonly used 

precipitation agents are lime and magnesia (Barbooti et al., 2011).  
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This technique has been proven as an effective way to remediate heavy metals including 

chromium from wastewater. It is a simple, inexpensive, convenient, and safe method. However 

this technique requires large amounts of chemicals, and excessive toxic sludge is produced. 

Sludge filtration and disposal increase the overall cost of the process. Sometimes metal 

precipitation is slow, and aggregation of metal precipitates takes place. The metals precipitate 

from the solution in the form of metal hydroxides (Micheletti et al., 2008).  Dissolved metal ions 

are changed to the insoluble form due to the chemical reaction which takes place between the 

precipitant agent and the ions. For this process precipitant agent such as lime and calcium 

hydroxide is commonly used in many countries because of its availability. These agents help to 

bring the solution into the basic condition and the ions to form a metal hydroxide. It has a 

disadvantage according to (USEPA, 2000). 

2.7.2. Electro-chemical process 

Wastewater that is contaminated with heavy metals can also be treated using electrochemical 

methods. Electrochemical methods involve the plating-out of metal ions on a cathode surface and 

can recover metals in the elemental metal state. This method involves different phenomena such 

as electro-deposition, electro-coagulation, electro flotation, and electro-oxidation (Jahan et al., 

2014).  Electro-chemical methods are very important for the removal of a broad spectrum of 

heavy metals such as Zn
2+,

 Cu
2+,

 Ni
2+,

 Ag+, and Cr (VI). The drawbacks of these methods are the 

involvement of relatively large capital investment and the expensive electricity supply (Wang et 

al., 2014). 

2.7.3. Reduction 

 The reduction is a treatment process in which the higher valance state of the metal ion is 

converted or reduced to the lower valance state using reducing agents. This technique offers 

several advantages such as the recovery of metals from contaminated wastewaters; recycle of 

treated water and short treatment times.  However, the disadvantages include additional 

chemicals requirements and hazardous sludge formation. It is also quite expensive (Malairajan & 

Mengistie, 2007). 

2.7.4. Ion exchange 

Ion exchange is a suitable technique to remove heavy metal from the wastewater and this 

technique has also been applied as a remediation measure for Cr (VI) (Balau et al., 2004). It is 

one of the most frequently used methods of treatment heavy metal leaden wastewaters. This 
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process uses an interaction or interchanging of ions between the wastewater and solids. For this 

process metal ions from dilute solutions are exchanged with ions held by electrostatic forces on 

the exchange resin, where an insoluble substance (resin) removes ions from an electrolytic 

solution and releases other ions of like charge in a chemically equivalent amount without any 

structural change of the resin.  

Various ion exchange resins are commercially available which can effectively remove Cr (VI) 

below the standard limit of Cr (VI) (0.1 mg/L) in wastewater. This process reduces the amount of 

waste for disposal and the cost of operation is generally lower. However, the limitation of this 

method is that efficiency dependent on the pH of water. The disadvantage of this process 

includes the high cost and selectivity of ions (Gholipour et al., 2011). 

2.7.5. Coagulation 

According to (Bhatnagar & Sillanpää, 2010) coagulation is a phenomenon in which the charged 

particles in colloidal suspension are neutralized by mutual collision with counter ions and are 

agglomerated, followed by sedimentation. In this process, there are two kinds of coagulation; 

chemical and Electrical. In the case of the chemical coagulation process, coagulants can be either 

natural or synthetic. The study also showed that in chemical coagulation, Cu, Cr, and Ni removal 

of 99.9% was achieved with Al2 (SO4)3 and FeCl3 dosages of 500, 1000, and 2000 mg L
–1

, 

respectively and it was found that electro-coagulation with iron electrodes enables a fast and 

effective reduction of metals (99.9% of Cu, 99.9% of Cr, and 98% of Ni). 

2.7.6. Ultrafiltration 

In this method, permeable membranes are used to separate heavy metals, macromolecules, and 

suspended solids from inorganic solution based on the pore size (5– 20 nm) and molecular 

weight of the separating compounds (1000–100,000 Da).  These special features of ultrafiltration 

enable to allow the passage of water and low-molecular-weight solutes while retaining the   

macromolecules, which have a size larger than the pore size of the membrane (Kurniawan et al., 

2006).  An enhanced form of ultrafiltration has also been used to remove copper, chromate, zinc, 

nickel, cadmium, selenium, and arsenate (Grégorio Crini, Eric Lichtfouse, Lee Wilson, 2019). 

2.7.7. Solvent extraction 

The introduction of selective complexing agents led to the routine use of the liquid-liquid 

extraction or solvent extraction of chromium from solutions on a  large scale in waste 

reprocessing and effluent treatment. Solvent extraction encompasses an organic and an aqueous 
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phase whereby the aqueous solution that contains the chromium is mixed with the right organic 

solvent. This causes the chromium to be transferred into the organic phase (Ramachandra et al., 

2005). Liquid-liquid (solvent)extraction is one of the most efficient methods of concentrating 

and separating chromium ions from aqueous solutions. The recovery of the extracted chromium 

involves contacting the organic solvent with sulphuric acid (Wionczyk et al.,2006).  The cost of 

the organic solvent is a limitation of the solvent extraction treatment method. In comparison with 

the conventional methods for the removal of chromium from wastewater, the biosorption process 

offers potential advantages. such as low operating cost, minimization of the volume of chemical 

and/or biological sludge to be disposed of, high efficiency in detoxifying very diluted effluents, 

and so on. Therefore, the search for new cost-effective technologies for the removal of chromium 

from wastewater has been directed towards low-cost adsorbents (sorbents) from an inedible 

mushroom (Army, 2003). 

2.8. Chromium removal using biosorption 

The conventional heavy metal removal processes have several limitations such as less effective 

removal of metal ions, high reagent requirement, high costs, the generation of toxic sludge, and 

the problem of the safe disposal of the materials.  Compared with conventional methods for 

removal of toxic chromium ions, the biosorption process offers the advantages of low cost, 

minimization of the volume of chemical and biological sludge to be disposed of, high efficiency 

in detoxifying very dilute effluents, chromium recovery, and high removal efficiency. 

Adsorption 

The adsorption technique has several benefits. It is effective and economical. It can remove the 

contaminating metals as well as recovery and recycle sorbet metals from the sorbent. It has 

evolved as a suitable alternative for those metal ions that cannot be removed easily by other 

techniques.  The removal efficiency is excellent for this process and depends on pH, adsorbate 

concentration, and adsorbent dosages(Nomanbhay, 2005) and (Saifuddin et.al., 2005).  In this 

process, certain components of the solution are transferred to active sites of the adsorbent. 

Adsorption is the process through which a substance originally present in one phase is removed 

from that phase by accumulation at the interface between that phase and a separate solid phase. 

The driving force for adsorption is the reduction in interfacial (surface) tension between the fluid 

and the solid adsorbent as a result of the adsorption of the adsorbate on the surface of the solid 

(Saifuddin et.al., 2005).  Similar to surface tension, adsorption is a consequence of surface 
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energy. In a bulk material, all the bonding requirements be the ionic, covalent, or metallic of the 

constituent atoms of the material are filled. But atoms on the clean surface experience a bond 

deficiency, because they are not wholly surrounded by other atoms. Thus it is energetically 

favorable for them to bond with whatever happens to be available (Ekpete et al.,, 2010).   

Adsorption can result either from the universal van der Waals interactions (physisorption) or it 

can have the character of a chemical process (chemisorptions). Contrary to physisorption, 

chemisorptions occur only as a monolayer. Physisorption is a reversible process that occurs at a 

temperature lower or close to the critical temperature of an adsorbed substance.  Chemisorption 

takes place through the chemical interaction of adsorbate and adsorbent molecules and the 

process is irreversible (Al-Sou’od, 2012).  This method has been widely used for the removal of 

many heavy metals from wastewater. Removal of chromium from different wastewaters using 

adsorption is one of the most promising areas in the treatment of wastewater. Since it is simple, 

economically viable, technically feasible, and socially acceptable (Sugiyanti et al., 2018). 

Biosorption of heavy metals from aqueous solutions is a relatively new process that has been 

confirmed as a very promising process in the removal of heavy metal contaminants. The major 

advantages of biosorption are its high effectiveness in reducing heavy metal ions and the use of 

inexpensive bio sorbents. Biosorption processes are particularly suitable to treat dilute heavy 

metal wastewater (Pehlivan et al., 2011). 

The sorption mechanism of hexavalent chromium can be described in four different ways which 

are: 1) anionic sorption, 2) sorption-coupled reduction, 3) anionic and cationic sorption and 4) 

reduction and anionic sorption. In Anionic sorption, negatively charged chromium species 

CrO4
2−

 and Cr2O7
2−

 bind to positively charged functional groups on the surface of sorbents. 

Electrostatic attraction and/or surface complexation provide the binding phenomenon between 

the opposite charges (Hamadi et.al., 2001). In the anionic sorption mechanism, the sorption of Cr 

(VI) is increased at low pH whereas at high pH Cr (VI) sorption decreases. At low pH, functional 

groups of the sorbent become protonated and easily attract negatively charged chromate ions. On 

the other hand, at high pH deprotonation takes place because functional groups of the sorbent 

become negatively charged and do not attract negatively charged chromium compounds (Hamadi 

et.al., 2001). The sorption-coupled reduction is the mechanism that deals with the reduction of 

Cr (VI) to Cr (III) using a sorbent in an acidic medium (Mohan & Pittman, 2006).  In the anionic 

and cationic sorption mechanism, part of the Cr (VI) is reduced to Cr (III), and then both the 

chromium species are sorbed to the surface of the sorbent. According to the reduction and 
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anionic sorption mechanism, a part of the Cr (VI) is reduced to Cr (III); afterward Cr (VI) is 

mainly sorbed by the sorbent while Cr (III) remains in the solution (Bidyut& Chris, 2010; 

Rengaraj et.al., 2003). For the removal of Cr (VI) from wastewater, adsorption is highly effective 

when compared to other conventional methods. Adsorption can be done in different systems such 

as in a physical, biological and chemical system and it is used for different applications. The 

principle of adsorption is adhesive (Wid & Alca, 2016;Padmavathy et al., 2016). 

2.9. Adsorption mechanism 

The classical mechanism of adsorption is divided into three steps. a) diffusion of adsorbate to the 

adsorbent surface, b) migration into pores of adsorbent c) monolayer build-up of adsorbate on 

the adsorbent. Figure 3, presents the process of adsorbate distribution. The first step occurs 

diffusion of adsorbate on the adsorbent surface by intermolecular forces between adsorbate and 

adsorbent. The second step involves the migration of adsorb-ate into the pores of an adsorbent. 

Distribute on the surface and fill up the volume of pores, particles of adsorbate are building up 

the monolayer of reacted molecules, ions, and atoms to the active sites of an adsorbent 

(Iakovleva et al., 2013). 

 

Figure 3: Three steps of the adsorption mechanism  

a) Diffusion of adsorbate to the adsorbent surface b) migration into pores of adsorbent c) 

monolayer build-up of adsorbate on the adsorbent (Repo, 2011). 
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2.9.1. Physisorption and chemisorption 

The nature of adsorption depends upon the forces, which act between adsorbents and adsorbates. 

The adsorption forces are a key factor in defining whether the adsorption is physical or chemical. 

Occasionally, it is complicated to identify what type of adsorption is predominating in a certain 

situation. Sometimes it might be a combination of chemisorption and physisorption (Fomkin, 

2009). 

2.9.1.1. Physisorption 

Physical adsorption is reversible and rapid. Molecules are holding to the surface by van der 

Waals forces of attraction (intermolecular forces and interatomic interactions with the energy of 

10-20 kJ/mol). Therefore, the lack of interaction energy may break the bond between adsorbent 

and adsorbate, for example by mechanical movement of the interface. Consequently, the most 

valuable parameters for physisorption are the pore size, pore structure, pore-volume, and surface 

area. Physisorption prevails at low temperature, and activation energy is 5-10 Kcal/mol (Sharma, 

2013). 

2.9.1.2. Chemisorption 

A specific surface area of phases, types of active sites, number of active sites, and stability of 

active sites are predominantly valuable for chemisorption. Chemical adsorption occurs because 

of a chemical reaction between molecules and atoms of the adsorbate and adsorbent. 

Chemisorption is irreversible because chemically adsorbed molecules are not able to move on 

the surface of within interface. The main advantages are the high selectivity of separation and the 

ability to treat exceptionally small concentrations of solute. Chemisorption accelerates by 

elevated temperature where activation energy varies between 10-100 Kcal/mol.  

2.10. Type of adsorbent and its limitation 

Currently, there are different kinds of adsorbents available for wastewater treatment.  Some 

researchers have used different types of adsorbents to examine their efficiency towards several 

heavy metals. From this, we can mention the most commonly used once such as activated 

carbons, chitosan, low-cost materials, and others. Low-cost adsorbents are naturally-available 

materials or adsorbents and are defined as waste products from agriculture, industries, and 

domestic use.  There are various types of adsorbents, such as natural (soil and/or ore) materials, 

industrial byproducts (waste), agricultural waste (products), which can be used to remove 

unwanted toxic metals from polluted water bodies, such as rivers, streams, lakes, and others. 
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These materials are thus, less expensive  affordable (Roy, 2014) and (Lim and Aris, 2014), 

environmentally friendly as well as abundant ( Lim and Aris, 2014). and cheap (Zahoor, 2014) 

and (Carvalho et al., 2011). 

2.10.1. Zeolite 

Zeolite is generally described as a volcanic sedimentary mineral forming in the vein, cavities, 

and vogues of volcanic rock and classified as sedimentary rock. Their ion exchange capacities 

make zeolite to be preferred for environmental remediation especially for the removal of 

monovalent ions (Pehlivan et al., 2011) and (Misaelides,2011). Although several material and 

techniques are used for environmental remediation zeolite have its advantages like its low cost, 

versatile, availability, good mechanical and thermal property and high sorption capacities and 

very importantly zeolite does‟t introduce pollutants to the environment. On the contrary, zeolite 

has its disadvantage(Abiyu et al., 2018) and  (Wanga, 2010) reported that the disadvantage is 

having limited adsorption capacity when it compared with synthetic adsorbents, though it is 

compensated with its low cost. 

2.10.2. Activated carbon 

Activated carbon has been widely used as an adsorbent for a long period. Which  is a highly 

porous, amorphous solid consisting of micro crystallites with a graphite lattice, usually prepared 

in small pellets or a powder. Activated carbon has high abrasion resistance, high thermal 

stability, and small pore diameters, which results in higher exposed surface area and hence the 

high surface capacity for adsorption. It is non-polar. Activated carbon can be manufactured from 

carbonaceous material, including coal (bituminous, sub-bituminous, and lignite), peat, wood, or 

nutshells (e.g., coconut). Activated carbon is a good adsorbent for chromium removal because it 

has a well-developed porous structure and a high internal surface area for adsorption. However, 

because coal-based activated carbon is expensive, its use has been restricted and further efforts 

have been made to convert cheap and abundant agricultural waste into activated carbon (Zahoor, 

2014) and (Anirudhan & Sreekumari 2011). The efficiency of activated carbon makes it one of 

the important adsorbent types. It has been used for the adsorption of different heavy metals from 

different kinds of wastewaters. There may be many sources for the preparation of activated 

carbon ranging from waste materials of industries to agricultural left-overs. Commercially 

available activated carbons are prepared from materials having high carbon content such as coal, 

lignite, wood, peat, nutshell, coconut shell, lignin, petroleum coke, and synthetic high polymers. 
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To convert these materials to activated carbon there are two very important processes known as 

carbonization and activation which are drying methods to remove undesirable products such as 

tar and at a high oxygen-deficient environment where the temperature ranges from 400-800
o
C, 

the carbonaceous material polarized respectively (Çeçen et al.,  2011). 

2.10.3. Chitosan 

Chitosan is one of the most abundant, easily obtained, and renewable natural polymers. It is 

commonly found in the exoskeleton or cuticles of many invertebrates and the cell wall of most 

fungi and some algae. Chitosan can complex metallic ions and it can remove pollutants 

appropriately. Its complexing ability is due to the specific interaction of the –NH2 group with 

heavy metals (Rhazi et al., 2002; (Fabbricino & Gallo, 2020). Natural products that are available 

in large quantities or certain waste from agricultural operations may have the potential to be used 

as low-cost adsorbents, as they represent unused resources, widely available, and are 

environmentally friendly(Zhang et al., 2016;Kahu et al.,2016). 

Chitosan, obtained from the cell wall of most fungi processing industry as a byproduct, is a 

biopolymer consisting of natural polysaccharides and is a highly desirable adsorbent because of 

special characteristics, such as being abundant, inexpensive, chemically stable, biodegradable, 

non-toxic, biocompatible, renewable and hydrophilic. It exhibits good reactivity towards a wide 

range of pollutants. Its adsorption capacity for the toxic metal ions is excellent due to the 

presence of hydroxyl and an amine group (–NH2), in its polymer matrix and partial positive 

charge, which attracts metal ions by the coordination linkage or by ion exchange in the solution.  

The bio-adsorbent is slightly soluble at low pH and poses problems for developing commercial 

applications. It is also soft and agglomerate or forms a gel in aqueous solutions.  Transport of the 

metal contaminants to the binding sites plays a very important role in process design. Therefore, 

it is necessary to provide physical and chemical support and increase the accessibility of the 

metal-binding sites for process applications (Saxena et al., 2003). Bio-adsorption is a good 

alternative to traditional processes. One of the most commonly used techniques involves the 

process of adsorption, which is the physical adhesion of chemicals onto the surface of a solid. 

Widely available biopolymers are also being used for adsorption mainly because they are a cheap 

resource or a freely available resource (Niu and Volesky, 2003). 
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2.10.3.1. The Formation   of Chitosan 

According to some scientists and chitosan chemistry resources, chitosan is formed through the N 

deacylation of the chitin molecule.  

  

Figure 4: Production of chitin and chitosan using chemical and Biological (Muslim et al., 2013). 

2.10.3.2. Chitosan structure and properties 

Chitosan is a partially deacetylated polymer obtained by the alkaline deacetylation of chitin, a 

biopolymer extracted from mushroom sources. Native chitosan is insoluble in water or organic 

solvents, but it can be soluble at acidic pH (below pH 6.5) medium, when the free amino groups 

are protonated, chitosan becomes a soluble cationic polymer with high charge density (Szyguła 

et al., 2009).Chitosan has many attractive properties such as hydrophobicity, biocompatibility,   

biodegradability, non‐toxicity, and the presence of very reactive amino (–NH2) and hydroxyl ( -

OH) groups in its backbone, which makes chitosan be used as an effective adsorbent material for 

the removal of hexavalent chromium in tannery wastewater. The main advantage of chitosan 

over other polysaccharides (cellulose or starch) is their chemical structure that allows specific 

modifications to design polymers for selected applications. 
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On the one hand, their reactive groups can develop composites with different compounds that 

have proven to have a better capacity to absorb the heavy metals pollutants and to resist in an 

acidic environment. On the other hand, their cationic charge (chitosan is a single cationic 

biopolymer) can neutralize and successfully flocculate the anionic suspended colloidal particles 

and reduce the levels of chemical oxygen demand, chlorides, and turbidity in wastewaters 

(Muslim et al., 2013). 

 

Figure 5: Structure of chitin and chitosan ( Zeenat et al., 2013) 

In chemical adsorption, a chemical reaction occurs between the solids and the absorbing solute, 

and the reaction is usually irreversible. The chemical contamination of water from a wide range 

of toxic materials like heavy metals, aromatic materials, dyes, and so on.  This is a serious 

environmental problem that may lead to serious consequences for human health. So nowadays 

low-cost chitosan is widely recommended for wastewater treatment (Chooaksorn et al., 2014).  

Chitosan reacts with metal ions with the following equilibrium. 

                M2+ +RNH2                      M(RNH2)2+                                                                      (1)    

The amine groups of chitosan react with H
+
 as follows,  

            𝐻+ +RNH2                              RNH
3+                                                                                         (2)        

The amine group initiates a coordinate bond with the metallic ions. The bond is formed between 

the free electron pairs of the nitrogen in the amine group and the void orbitals of the metal. 

Chitosan has been used as an adsorbent, coagulant, and bactericide treatment of aquaculture 

wastewater. The effectiveness of chitosan in coagulating and flocculating organic suspensions at 
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pH close to neutrality and low ionic strength is improved by high  (Deacetylation degree) and 

low molecular weight of chitosan samples. According to this interpretation, many research 

studies highlight the bio sorbent ability of chitosan and their composites to remove the heavy 

metals from wastewater. They could be used as coagulating flocculating agents for polluted 

wastewaters(Zha et al.,2008)  in heavy metal or metalloid adsorption (Cr(VI),  (Cu(II), Cd(II), 

Pb(II), Fe(III), Zn(II), etc.) for the removal of heavy metals from industrial wastewater (i.e. 

tannery wastewaters) ,as well as for the removal of other organic pollutants such as pesticides, 

organic oxidized and oil impurities. Due to the high performance, chitosan derivatives are used 

as adsorption additives(Grenha, 2014) in many research investigations.  In the last time, the 

chitosan composites have been tested in wastewater treatments for adsorption of heavy metals 

(Tran et al., 2010) and dyes.To form composites with chitosan, different substances have been 

used, such as montmorillonite, polyurethane, activated carbon, bentonite, zeolites, oil palm ash, 

calcium alginate, polyvinyl alcohol, cellulose, magnetite, sand, perlite, and ceramic alumina 

(Iqbal et al., 2016).  The maximum adsorption capacity of chitosan is higher than most reported 

adsorbents including sawdust, sugar cane bagasse, coconut husks, and eucalyptus bark (Sarin & 

Pant, 2006). According to (Arris & Lehocine, 2014) reports the highest removal efficiency of Cr 

(VI) ions is 98.45%  for chitosan charcoal composite and 98% and 56.4% removal efficiency for 

chitosan charcoal and chitosan ,respectively reported (Siraj et al., 2012).  However, compared to 

activated carbon, chitosan is less toxic and can remove a high percentage.  Therefore, chitosan 

can be considered as an effective adsorbent to remove hexavalent chromium ions from 

wastewater. This study aimed to develop a biocomposite of chitosan- charcoal nanocomposite 

for the removal of hexavalent chromium from tannery wastewater. 

2.11. Nanoparticle and its application 

Nanotechnology is the field of nanoscience, where the phenomena applied on a Nanometer 

scale level. Nanomaterials are the smallest structure that human has developed, having a size 

of a few nanometers (Ahmed et.al, 2016). nanoparticles are those that have a structure 

component with one dimension at least less than 100 nm (Roy, 2014). 

 Therefore nanoparticles are tiny material having size ranges from 1 to 100 nm and can be 

classified 

based on their properties, shape, and/or size. Those groups can include fullerenes, metal  
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Nanoparticle, Ceramics Nanoparticles, and Polymeric Nanoparticles. Nanoparticles possess 

unique physical and chemical property due to their high surface area, the surface to volume 

ratio,superparamagnetism, and easily separation method (Suneeta et al., 2016). Due to their 

property nanoparticle plays an important role in different areas like the biological, medical, 

electronic world, in data science and environmental applications. 

2.12. Preparation methods of chitosan nanoparticle and activated carbon  

The preparation of nanoparticles can be done in different methods, the production method of 

nano 

particles has its impact on the application of chitosan nanoparticles for the removal of the 

pollutant from wastewater. Chitosan nanoparticles can be prepared by the interaction of 

oppositely charged macromolecules. Tripolyphosphate  (TPP) has often been used to prepare 

chitosan nanoparticles because TPP is nontoxic,  multivalent, and able to form gels through ionic 

interactions. For different applications, there are several chemical methods for the synthesis of 

chitosan Nanoparticle.  Methods,   such as the emulsion method,  ionic gelation method,  reverse 

micellar method, self-assembling method (Nomanbhay, 2005) have been used to prepare 

chitosan nanoparticles. Here,  the ionic gelation method is mainly considered. 

2.12.1. Ionic Gelation Method  

Chitosan nanoparticles can be prepared by the interaction of oppositely charged macromolecules.  

Tripolyphosphate (TPP) has often been used to prepare chitosan nanoparticles because 

Tripolyphosphate  is nontoxic,  multivalent, and able to form gels through ionic interactions.  

The interaction can be controlled by the charge density of  Tripolyphosphate and chitosan,  

which is dependent on the pH of the solution.  Nasti et al.,  (2009)  studied the influence of 

several factors,  such as pH,  concentration,  ratios of components,   and method of mixing,   on 

the preparation of tripolyphosphate /chitosan  nanoparticles.  Lin et al.,(2007) were investigated 

the relationship between free amino groups on the surface and the characteristics of chitosan 

nanoparticles prepared by the ionic gelation method.   These factors were unaffected by 

Tripolyphosphate concentration in these references. 

2.13. Factors affecting adsorption process 

The adsorption technique has several benefits. It is effective and economical and easier than 

other techniques was used to remove Cr (VI) ion from aqueous media by magnetite Nanoparticle 

prepared by coprecipitation technique. The adsorption process is affected by different parameters 
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such as pH, adsorbent dosage, contact time, agitation speed, and initial concentrations, therefore 

factors affecting the adsorption of Cr (VI) are stated below. 

Effect of pH 

The pH value of the metal solution plays an important role in the whole adsorption process and 

particularly on the adsorption capacity. The pH of the solution would affect both aqueous 

chemistry and surface binding sites of the adsorbents. The effect of pH in turn depends on the 

charge on the adsorbent surface. If the adsorbent surface is negatively charged, at lower pH, the 

large number of H
+
 ions present neutralizes the negatively charged adsorbent surface, thereby 

reducing hindrance to the diffusion, and better adsorption is obtained. If the surface charge of the 

adsorbent is positively charged, the H
+
 ions may compete effectively with the cations of the 

solution causing a decrease in the amount of metal ion adsorbed (Jiaping, 2012). The maximum 

removal of hexavalent chromium by chitosan is high at lower pH, therefore as pH increase, the 

removal efficiency of the adsorbent decreases.  

More adsorption at acidic pH indicates that an increase in H
+
 ions on the surface of the adsorbent 

results in an electrostatic attraction between positively charged adsorbents surface and chromate 

ions because HCrO4
-
 is the dominant anionic form of Cr (VI) at lower pH. This indicates that the 

separation of metal ions from the solution can be effectively done by controlling the pH of the 

wastewater. Cr (III) is effectively removed within a pH range between 3-5, the study conducted 

by, (Pehlivan et al., 2011) indicated that the adsorption of Cr (III) best-removed pH range above 

3 but, Cr (VI) can be removed with a pH range 2-5 which is a special behavior of Cr (VI). 

Effect of adsorbent dosage 

The adsorbent dosage is an important parameter because this determines the capacity of an 

adsorbent. It determines the sorbent and sorbate equilibrium of the system.  As adsorbent dosage 

increases keeping other parameters constant first the removal efficiency increases, and then it 

decreases. Padmavathy et al., (2016) reported as adsorbent dosage increases chromium uptake 

decreases.  i.e. at lower adsorbent concentration number of the active site is high while 

increasing in adsorbent dosage aggregation of a particle takes place, as a result, efficiency and 

chromium uptake decreases. 

Effect of contact time 

The amount adsorbed onto the adsorbent is in a state of dynamic equilibrium with the amount  

desorbed from the adsorbent. The time required to attain this state of equilibrium is termed as the 
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equilibrium time. The amount adsorbed at the equilibrium time reflects the maximum adsorption 

capacity of the adsorbent under the operating conditions (Engineering, 2012).   In general, the 

initial rate of adsorption is fast, and then slower adsorption would follow as the available 

adsorption sites are slowly decreased. This is because a large number of unoccupied surface sites 

are available for adsorption during the initial stage and after ascends of time the remaining 

unoccupied surface sites are difficult to be occupied due to repulsive forces between the solute 

molecules on the solid and bulk phases. The initial rapid rate of adsorption may be due to the 

availability of the vacant active surfaces of the adsorbents for anionic Cr (VI) species in the 

solution. 

Effect of initial metal concentration 

The metal concentration plays a pivotal role in the sorption process. At low concentration, the 

ratio of the adsorbent active site to the total metal ion in the solution is high therefore the metal 

ion interacts with the adsorbent and removed quickly from the solution, but the amount of metal 

ion adsorbed per unit weight of adsorbent (qe) is high at high concentration(Khan et al., 2017). 

This may be due to the high interaction time and interaction between the metal ion and metal 

sequestrating site of the adsorbent. Though the change is very less, the removal efficiency and Cr 

(VI) uptake decrease with an increase in initial concentration (Padmavathy et al., 2016). This 

shows that initial  concentration has very little effect on adsorption. 

Effect of agitation speed 

 Agitation speeds have their essential role in the success of the adsorption process of Cr (VI) on 

chitosan nanoparticles. The adsorption of Cr (VI) is less with a small amount of agitation speed. 

This effect can be attributed to the decrease in boundary layer thickness around the adsorbent 

particles being a result of increasing the degree of mixing (Adeel et al., 2013). 

Adsorption process modeling 

Adsorption modeling helps to identify the removal efficiency of the adsorbent. Adsorption 

modeling is applied to describe the experimental data by using adsorption isotherm and kinetic 

models (Repo,2011). 
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2.14. Adsorption Isotherm 

Isotherms are the equilibrium relations between the concentration of adsorbate on the solid phase 

and its concentration in the liquid phase (Robati, 2013). From these isotherms the maximum 

adsorption capacity at equilibrium qe (mg/g), (Ahayla et.al.,2005).can be calculated according to 

the equation; 

qe =  
co − ce

W
∗ V                                                                                                                            (3) 

where Co and Ce (mg/L) are the liquid-phase concentrations of chromium ion initially and at 

equilibrium respectively. V is the volume of the solution (L) and W is the mass of dry adsorbent 

used. The adsorption data has been subjected to Langmuir and Freundlich models as they are the 

most common isotherms describing the solid-liquid adsorption system. 

2.14.1. Langmuir Adsorption Isotherm 

The Langmuir isotherm represents the equilibrium distribution of metal ions between the liquid 

and solid phases. It is based on the assumption that metal ions are chemically adsorbed at a fixed 

number of well-defined sites; each site can hold only one ion; all sites are energetically 

equivalent and; there is no interaction between the ions (Langmuir, 1918). The linearized 

Langmuir isotherm allows the calculation of adsorption capacities and the Langmuir constants 

and is equated by the following equation (Ahayla et.al., 2005). 

1

qe
=

1

bqmax ∗ ce
+

1

qmax
                                                                                                            (4) 

The constants q max and b can be calculated from the slope and intercept of the plot of 1/qe 

versus 1/Ce (Thamilarasue et.al. 2011).  

The larger the constant b the higher is the adsorption energy, reflected by a fast increase in 

adsorption at low concentrations of adsorbent (Samadi et al., 2009).  The essential characteristics 

of the Langmuir isotherms can be expressed in terms of a dimensionless constant separation 

factor or equilibrium parameter, RL, which is defined as: 

RL =
1

1 + b. co
                                                                                                                                (5) 

Where b is the Langmuir constant and Co is the initial concentration of Cr (VI). The value of RL 

indicates whether the type of isotherm is irreversible adsorption (RL=0), favorable adsorption  

0< RL < 1 unfavorable adsorption (RL>1), or linear adsorption (RL=1) (Bouhamed et al., 2013).  

In this study, RL for chitosan charcoal nanocomposite had values less than 1, indicating 

favorable adsorption.   
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2.14.2. Freundlich Isotherm 

The Freundlich isotherm is another popular isotherm that is used widely to express adsorption 

equilibrium at a constant temperature. The well-known Freundlich isotherm is a special case 

applied to non-ideal sorption on heterogeneous surfaces and also to multilayer sorption, 

suggesting that binding sites are not equivalent and/or independent.  The Freundlich model is 

described by the linear equation. 

Logqe = LogkF +
1

𝑛
LogCe                                                                                                          (6) 

Where Ce and qe have the same meaning; KF and 1/n are constants that are considered to be 

relatively indicators of adsorption capacity (or related to the bonding energy) and adsorption 

intensity, respectively. The slope (1/n) ranging between 0 and 1 is a measure of surface 

heterogeneity, becoming more heterogeneous as its value gets closer to zero.  A value for (n) 

below one indicates a normal Langmuir isotherm, while (n) above one is indicative of efficient 

adsorption (Mbadcam et al.,2009). 

2.15. Adsorption kinetics 

Adsorption kinetics is the measure of the adsorption uptake concerning the time at constant 

pressure or concentration and is employed to measure the diffusion of adsorbate in the pores. 

Kinetic models have been used to investigate the mechanism of sorption and potential rate-

controlling steps, which helps select optimum operating conditions for the full-scale batch 

process (El-Sherif et al., 2013). 

2.15.1. Pseudo-first order kinetics 

 Pseudo-first order kinetics usually describes the initial stage of the adsorption process.  

This reaction occurs when one reacting material is present in great excess or is maintained at a 

constant concentration compared with the other substance. A pseudo-first-order kinetic equation 

is given as 

lnqe − qt = lnqe − k1 × t                                                                                                           (7) 

Where qt is the amount of Cr(VI) ion removed at time t (mg/g), qe is the adsorption capacity at 

equilibrium (mg/g), k1 is the pseudo-first-order rate constant (1/min), and t is the contact time 

(min). 

2.15.2. Pseudo - Second-Order Model 

The adsorption may also be described by a pseudo-second-order kinetic model if the adsorption 

does not follow the first-order kinetics. Two assumptions are carried out by the second-order 
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model first one is that the rate-limiting step is chemical adsorption and the second one is process 

is second order. Pseudo- second-order kinetics is the other type of adsorption kinetics that has 

been successfully applied to metal ions and organic substances. It states that the slowest step is 

chemical adsorption (Khan et al., 2017). A pseudo-second-order kinetic equation is given as. 

1

qt
= 1/𝑘𝑞𝑒2 −

t

qe
                                                                                                                          (8) 

Where qt is the amount of Cr (VI) ion removed at time t (mg/g), qe is the adsorption 

capacity at equilibrium (mg/g), K2 is the pseudo-second-order rate constant (1/min), and t 

is the contact time (min). 
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CHAPTER THREE: MATERIALS AND METHODS 

3.1. Apparatus and Instruments 

Drying oven model -2100 made in Italy was used for sample drying purpose, the analytical 

balance of 0.01 g accuracy, model E425 made in Italy was used to measure the mass of 

adsorbents and mass of different chemicals whenever the stock solutions were prepared from 

solid chemicals and grinding mill by micro plant grinder for grounding model FZ102,  63 µm 

mesh size sieve used to separate the size of sample powder, electrical muffle furnace model 

GEFRAN 1001 made in Italy was used for determination of ash content, pH meter model 

HANNA Microprocessor made in the USA was used for pH measurement, carry UV 

spectrometry, model 100 7KVA was used for hexavalent chromium determination, Laboratory 

shaking device model SK-600 was used for the optimization of agitation speed, Platinum 

crucible, volumetric flasks, hot plate, mortal with a pastel, Bikers conical flask, and magnetic 

stirrer was used in this study. 

3.2. Chemicals and Reagents  

All chemicals and reagents used in this work were analytical grades.  Acetic acid (purity 100%), 

potassium dichromate (K2Cr2O7, purity 99.9%), sodium tripolyphosphate (TPP, purity 99.9%), 

Sodium hypochlorite (NaHClO) for bleaching lab. Grade purity 6%, Sodium hydroxide (NaOH, 

purity 99.9%), and Hydrochloric acid (HCL) for chemical treatment and adjustment of pH, were 

purchased from Merck,  Activated charcoal (purity 99.9%),  chloroform, methanol purity 99.8%, 

Acetic acid purity 99.5%, Acetone purity 99.5% and Deionized water (DI water) was used in all 

preparations.  
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3.3. Experimental Design 

The experiment was carried out in batch by optimizing one parameter and kept constant for 

subsequent experiment. After optimization of all parameters, the adsorption efficiency of 

chitosan nanoparticles determines the isotherm and kinetics of hexavalent chromium removal by 

chitosan charcoal nanocomposite. 

Table 1: Experimental Design 

No.  Parameters to 

be optimized 

Dose of the 

nanocomposite 

 (gram) 

pH Cr
+6

 

concentration 

 (mg/L) 

Contact 

time 

(min) 

Agitation 

(rpm) 

1 pH 0.7 2,4,6,8,10,12 4 90 150 

2 Dose(gram) 0.1,0.3,0.5,0.7,0.9,1 4 4 90 150 

3 Initial 

concentration 

of Cr (VI) 

(mg/l) 

0.7 4 2,4,6,8,10,12 90 150 

4 Contact 

time(min) 

0.7 4 4 30-180 150 

5 Agitation 

speed (rpm) 

0.7 4 4 constant 100-250 

6 Isotherm Constant  Constant 2-12mg/L Constant Constant 

7 Kinetics 

 

Constant  Constant  Constant  30-180  Constant 

8 Findings Removal efficiency in (%) Adsorption (%)= (
𝐶𝑂−𝐶𝐸

𝐶𝑂
100) 
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3.4. Sample Collection and synthesis  

Three-kilo gram waste mushrooms were collected from the mushroom industry in Ethiopia 

(Legetafo area). The collected mushroom wastes were washed with distilled water several times 

to remove all the dirty particles and dried in an oven at 50°C. After drying, the sample was 

ground to powder using micro plant grinder and sieved 63 µm to obtain the particles of uniform 

size and stored at room temperature in a polyethylene bag to protect from environmental 

contamination for 24 hours for partial autolysis to facilitate chemical extraction of chitosan and 

improve its quality (Adeyi et al., 2018). 

3.5. Production of Chitosan  

250 gram milled mushroom samples were weighted for the chitin extraction. The mushroom 

samples were treated with a 250 ml 2M HCl solution to remove the minerals (CaCO3 and 

CaPO4). Demineralization was easily achieved because of the decomposition of calcium 

carbonate into the water-soluble calcium salts with the release of carbon dioxide as shown in the 

following equation. 

2HCl +CaCO3 →  CaCl2 +H2O +CO2 ↑ 

The demineralization steps take 15 h at 60°C. By the end of this time, the samples were filtered 

through a filter paper with the Whatman filter paper (0.45µm) by rinsing with distilled water. 

Then, the deproteinization process was followed by taking with a solid to solvent ratio 1:5 (w/v) 

of 60% NaOH at 130°C for 4 hours for the removal of protein residues in the structure (Ahing et 

al., 2016). After NaOH treatment of 4 hours, samples were washed with distilled water until a 

neutral pH. Bleaching with sodium hypochlorite was taken for one-hour using sodium 

hypochlorite. Finally, the samples were rinsed again with distilled water and kept in an oven at 

50°C until drying. Removal of acetyl groups from chitin was experimented with 60% NaOH at 

65°C temperature with a solid to solvent ratio of 1:10 (w/v) for 20 hours for chitosan output. 

After this process, the samples were filtered and washed with distilled water until reaching a 

neutral pH.  
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The obtained chitosan was kept in the oven at 50°C for one day to dry (Erdogan et al., 2017). 

 

Figure 6: Steps for extractions of chitosan and the result at each step a) Dry mushroom b) Grined 

c) Demineralized d) filtered (e) and (f) Bleaching g) out product of chitosan 
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3.6. Preparation of chitosan gel 

Fifty grams of chitosan was added to 1000 ml of 10 wt. % oxalic acids with constant stirring. 

The mixture was heated to 40-50ºC to facilitate mixing. At room temperature, the chitosan-oxalic 

acid mixture formed a whitish viscous gel (Ahmed et al., 2020). 

 

Figure 7: Production of chitosan gel 

3.6.1. Synthesis of chitosan nanoparticles 

By utilizing the inotropic gelation method, chitosan nanoparticles were be prepared from 

chitosan as per the procedure reported by (Chooaksorn et al., 2014).  One hundred grams of 

chitosan flake was added into 100 mL of 1% acetic acid for 20 minutes.  This mixture was stirred 

at 400 rpm, at room temperature, using a magnetic stirrer until it was completely dissolved.  The 

anionic crosslinking agent, TPP solution (0.8 g) dissolved in 100 ml of deionized water) was 

then gradually added to the chitosan solution at a rate of 1.0 mL per minute with a mixing speed 

of 1200 rpm with rapid stirring (30 min).  The formed chitosan nanoparticle was filtered and 

washed several times with double-distilled water. After this process was over, the obtained milky 

emulsion like the appearance of chitosan nanoparticles was allowed to stand overnight to settle 

as suspension, the supernatant solution was decanted and finally, the thick suspension of chitosan 

nanoparticles settled at the bottom of the beaker was preserved in the refrigerator. 
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3.7. Preparation of chitosan nanoparticles and activated carbon nanocomposite 

 Activated carbon (AC) was used as a support for chitosan nanoparticles. It was washed with DI 

water to remove impurities and dried at 60 
o
C for 1 h, after which it was stored in a desiccator. 

This AC would be subsequently bound to chitosan nanoparticles via one deposition method. 20 g 

of AC was added into 20 g of chitosan nanoparticle for 2 min, followed by drying at 60 
o
C in an 

oven for 15 min. The ratio of activated carbon to chitosan nanoparticles was 1:1 (Yu et al., 2019). 

Finally, washed with deionized water and dried at 60 °C for 1 hr. and stored in a desiccator 

before use. To determine the optimum conditions to achieve the desired production of the 

biocomposite then stored in polyethylene glass for use of adsorption experiment. 

 

Figure 8: Chitosan activated carbon nanocomposite  

3.8. Proximate analysis 

The proximate analysis was one of the important methods of characterization of a substance 

through which the distribution of various molecules or the chemical composition can be obtained 

when the provided sample was heated under specified conditions. It was the most often used 

analysis for characterizing a material in connection with its utilization. The proximate analysis of 

the extracted chitosan was performed in terms of the moisture content, ash value, Deacetylation, 

and solubility obtained from three repeats. 
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3.8.1. Determination of moisture content 

Moisture analysis was carried out using the drying oven method. Porcelain crucibles were 

weighed and their masses were recorded. 1g of chitosan sample was weighed into pre-weighed 

crucibles and it was dried in the drying oven at 105 °C for 3 h. Then it was cooled in desiccators 

for 1 h and reweighed. The percentage of moisture content was determined by the following 

formula (Puvvada et al., 2012). This procedure was performed in triplicate. 

Loss on drying (%) =(
𝑀−𝑀1

𝑀
) × 100                                                                                             (9)                                                                        

   Where   M is the weight of chitosan + empty crucible before being dried   

    M1 is the oven-dry weight of chitosan + empty crucible. 

3.8.2. Determination of ash content   

The porcelain crucible was weighed accurately. About 1 g of chitosan was put in the crucible and 

the crucible with the sample was weighed accurately . The sample was ashed in an electric 

muffle furnace, which can maintain the temperature at 650 °C for 4h, cooled in the furnace to 

less than 200°C, and placed into desiccators with a vented top and the crucible containing the ash 

was weighed (C g). Completeness of ash was checked by shaking with a platinum wire to 

discover whether there exist any unburnt particles and if so, ashing is to be continued until 

constant weight. The ash content was calculated using the following equation (Puvvada et al., 

2012). 

Ash % =
𝐶−𝐴

𝐵−𝐴
× 100                                                                                                                                   (10)                                                                               

Where: A = weight of empty crucible (gram) 

   B = weight of crucible and sample (gram) 

  C = weight crucible and ash (gram) 

3.8.3. Determination of Degree of Deacetylation (DDA) 

Acid-Base Titration method 

Chitosan 0.3 g was dissolved in 30 mL 0.1 M HCl at 20 ± 5 °C with stirring in a 250 mL flask 

and then two to three drops of methyl orange indicator were added. 0.1 M NaOH was used to 

titrate the solution. At the final point of the titration, the color changed from pink to orange-

yellow. Three parallel samples were used. To calculate water content, 0.5 g chitosan was heated 

at 105 °C until a constant weight was reached. The percent of free NH2 groups in chitosan was 

calculated as follows (Hossain, 2014). 
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   NH2% = [(C1V1 −C2V2) ×0.016] / [G× (100 −W)] ×100                                                      (11) 

Free NH2% = NH2%/9.94% × 100% or DDA (%) = NH2%/9.94% × 100% 

Chitosan theoretical NH2 content % = (16/161) × 100% = 9.94%  

Where C1: Concentration of HCl (M); C2: concentration of NaOH (M); V1: the volume of HCl 

added (mL); V2: the volume of NaOH added by titration (mL); G: Sample weight (g); W: sample 

water content (%); 0.016: equal to NH2 content (g) in 1 mL of 1 M HCl.  

3.8.4. Solubility  

 1.0g of chitosan obtained from the deacetylation process was dissolved in 100 mL of 1% acetic 

acid solution and stirred by a magnetic stirrer until a homogeneous solution was obtained. The 

chitosan acidic solution was filtered by using Whatman filter paper (0.45µm).  The procedure 

was repeated three times. The percentage of solubility was calculated using the following 

formula (Puvvada et al., 2012).  

  Insoluble (g) = final weight of filter paper with sample (g) - the initial weight of filter 

paper  with sample (g) 

            Insoluble (%) = (insolube (g))/ (sample weight in (g)) X100% 

Solubility (%) =100 − % insoluble  

3.9. Thermogravimetric analysis (TGA) 

The thermal stability of nanocomposite was evaluated by the major equipment 

thermogravimetric analyzer (TGA/DSC) standard instrument, model: SDT Q600) was used to 

determine the thermal behavior thermal treatment of optimum terrified mixed pellet using 

temperature programming from 25.83 to 794.14 °C at the heating rate of 10°C/min. Testing was 

carried out under an inert atmosphere (N2) with a flow rate of 100 ml/min to remove all corrosive 

gases and avoid their oxidative degradation. The thermal degradation temperature with 

corresponding weight loss was recorded and analyzed. 

3.10. Crystal size Determination (X-RD)  

The crystallinity of samples was evaluated by wide range angle X-ray diffraction analysis using 

by X-Ray Diffraction (XRD-7000, Shimadzu, Japan) apparatus Common targets used in X-ray 

tubes include  Cu and Mo, which emit respectively  40 kV of voltage and 30mA of electric 

current with corresponding wavelengths of 1.5406Å. This diffractometer functioned by Copper 

Cu Kα radiation.  
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The crystallinity of the chitosan nanoparticles and chitosan activated carbon nanocomposite were 

evaluated at a scan rate of 4 degrees per minute for a 2θ continuous scan from 10 to 80 degrees at 

a scanning speed of 30 s
-1

.   The Crystallite domain size was calculated from the width of the 

peaks, using also Scherer’s equation as follows.  

   D =            
K λ 

(𝛽𝑐𝑜 𝑠 𝜃)
                                                                                                                    (12)  

     Where D is the crystallite size, K is non-dimensional shape factor a constant of value 0.94; λ 

is the X-ray wavelength of the Cu Kα radiation (1.5406 Å); β is the half-height width of the 

diffraction band (FWHM) in 2θ value of the diffraction peaks or the corrected integral width and 

θ is the Bragg angle corresponding to the plane that is diffraction angle (Wada and Okano, 2001).   

3.11. Functional Group Determination (FT -IR)  

The functional groups were analyzed by using Fourier Transform Infra-Red spectroscopy 

(FTIR).  The FTIR lets characterize the chemical structure by identifying the active chemical 

groups on the functional groups present in the sample of chitosan and chitosan activated carbon 

nanocomposite were evaluated by FTIR Spectroscopy. The samples were encapsulated in 300 

mg of KBr to prepare the translucent sample disks used for FTIR spectra analysis. The FTIR 

spectrum was collected at a spectra range of 4000 – 500 cm
-1

 with a resolution of 4 cm
-1

. Fourier 

transforms infrared (FTIR) spectroscopy was used to confirm the formation of chitosan and the 

nanocomposite.  

3.12. Determination of Cr (VI) using Colorimetric Method  

3.12.1. Cleaning of Glassware’s  

 Glassware was soaked in a warm, mild detergent solution to remove any residual grease or 

chemicals. After the initial cleaning, the glassware was soaked in 2N HNO3 for 1hr. Then Rinsed 

thoroughly with distilled water and dried in the oven (APHA, 1998).    
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3.13. Preparation of Stock Solution  

A stock solution of Cr (VI) (1000 mg/l) was prepared by dissolving 2.8287g analytical reagent 

grade potassium dichromate (K2Cr2O7) in 1000ml distilled water (APHA, 1998). The solution 

color turned to yellowish as shown in fig below. The stock solution was then diluted to the 

required working solution before use in batch tests. 

 

Figure 9: Potassium Dichromate Solution 

3.13.1. Preparation of working Cr (VI) and DPC solutions for UV–Vis analysis 

1ml of the chromium stock standard solution was taken and added into a 100 ml volumetric flask 

and diluted to the mark with distilled water. This solution contains 10 mg/l of Cr (VI).Then the 

flask was stoppered and inverted several times to mix the solution thoroughly freshly prepared 

1m LDPC solution was then added to each working standard and a pink color was immediately 

developed except the blank solution.  Six 100 ml conical flasks that contain 25 ml of the 

extraction reagent (2% NaOH) and 7.8ml of H2SO4, previously treated with dilute 0.1% KMnO4 

solution was prepared.  Then 0 ml, 0.5 ml, 1 ml, 1.5 ml, 2 ml, 2.5 ml, 3 ml, 3.5 ml, and 4 ml of 

the chromium working standard solution which respectively contains 0, 0.025, 0.05, 0.1, 0.125, 

0.15, 0.175, 0.2 and 0.225 mg/l was added to each flask and shake well to remove the carbon 

dioxide gas.Then 2 ml diphenyl carbazide solution was added to each flask and diluted to the 

mark with distilled water. After that, the flasks were capped and mixed thoroughly by inverting 

several times.  
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Then the mixture was allowed to stand for 10 minutes for full-color development. Finally, the 

absorbance of each standard was read in the UV-Vis spectrophotometer at 540 nm after setting 

the instrument to zero with the reagent blank. At the end absorbance vs. mg /l was plotted using 

Microsoft excel (APHA, 1998). 

 

                  

 

 

 

 

 

 

Figure 10: Standard Calibration Curve for Hexavalent Chromium 

3.14. Determination of the pH of point of zero charges (PHpzc) 

The pHZPC of the adsorbent was determined using the procedure described by the following 

method: 0.1 g of dried adsorbents are accurately weighed and transferred glass flasks containing 

50 ml of 0.1NNaCl solution. The initial pH of these solutions was adjusted in the range 2-12 

using diluting (and 0.1MNaOH or 0.1M HCl. After shaking in a mechanical shaker at 150 rpm 

for 24hr, the solutions were filtered, and the pH of filtrates was measured. At the point where the 

pH of the solution does not change or shows a very small difference between the final and initial 

pH value after 24 hr of contact with the adsorbent, it is expressed as a pHZPC (Hashemi et al., 

2018). 

3.15. Batch Adsorption Experiments  

To optimize the experimental condition and to collect data for the modeling study 

batch experiments were performed. The Experimental adsorption of hexavalent chromium 

removal experiments with the chitosan activated carbon  nanocomposite adsorbent was 

performed as batch adsorption in 100 mL polyethylene flasks on a rotator shaker at room 
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temperature. The effect of different parameters such as adsorbent initial concentration, adsorbent 

dose, pH, contact time, and agitation speed was studied by varying one of the parameters and 

keeping the other parameters constant.  The pH of the parameters was adjusted by using 0.1M of 

NaOH and 0.1M HCl.  After the Suspensions were equilibrating filter through whitman filter 

paper (0.45 µm),  and the filtrate was analyzed using UV-Visible Spectrophotometry 100 7KVA 

model with 10 mm quartz cells after complexation with 1, 5 DPC at 540 nm to obtain the final Cr 

(VI) concentration. All tests were performing in triplicate to ensure the reproducibility of the 

results and mean values were used for data analysis quantitative results were used for further 

calculation. Adsorption data analysis was performed by calculating the amount of hexavalent 

chromium adsorb (qe (mg/g)) that is adsorption capacity  and were determined by analyzing the 

concentration of hexavalent chromium before  adsorption and after the adsorption experiment  

with a known amount of adsorbent using the following equation:     

 𝑞𝑒 =
v(CO−Ce)

M
                                                                                                                               (13)    

Where   qe   is the amount of adsorbate hexavalent chromium adsorbed in milligram per gram of 

the adsorbent,  

 Co    is the initial concentration of the hexavalent chromium before the adsorption 

process,  

 Ce   is the equilibrium concentration of the hexavalent chromium in the filtrate after 

adsorption   

 M   is the mass in gram of the adsorbent,  

 V   is the volume of the solution in Liter.  

The percentage hexavalent chromium removal was also calculated from the initial concentration 

of the hexavalent chromium before adsorption Co and equilibrium concentration of the 

hexavalent chromium in the filtrate after adsorption Co using the equation below: 

%𝑅𝑒 =
𝐶𝑜−𝐶𝑒

𝐶𝑜
𝑥100                                                                                                                      (14)   

3.15.1. Optimization of Adsorption Experiment  

The effect of pH, the effect of the initial concentration of hexavalent chromium, the effect of 

adsorbent dose, the effect of contact time, and the effect of agitation speed was performed.  The 

method used to optimize each parameter is described below. 

Effect of pH on the adsorption of Chromium ion: - The effects of pH was studied by varying 

the pH from 2-12.  The experiment was carried out by measuring 50 mL of the working solution 

contains 4mgL of the initial concentration of Cr (VI) into a 100 mL polyethylene plastic bottle 
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and 0.7 g was transferred into this bottle. The pH of the solution was maintained with 0.1 or 

0.1M of HCl or NaOH and the bottle was agitated with 150 rpm at 90 min. Finally, the mixture 

was filtered immediately through a Whitman filter paper (0.45 µm). The filtrate was analyzed to 

evaluate the amount of hexavalent chromium adsorbed on nanocomposite by using a UV-Visible 

Spectrophotometer at 540 nm employing with 1, 5 DPC as complexing (coloring) agent. For 

reliability, experimental activities were done three times and the mean was used for calculation 

purposes. 

Effect of Adsorbent dose on the adsorption of chromium ion: - The effects of adsorbent doses 

were studied at optimum pH by varying the adsorbent dose in grams, 0.1, 0.3, 0.5, 0.7, 0.9, and 

1g. The experiment was carried out by measuring 50 mL of the working solution contains 4mg/L 

of the initial concentration of Cr (VI) into100 mL of polyethylene flask.  The pH was adjusted 

using  0.1M NaOH or 0.1MHCl and agitated with 150 rpm at 90 min. The mixture was filtered 

immediately through a Whitman filter paper (0.45 µm).  

 Finally the filtrate was analyzed to evaluate the amount of chromium adsorbed on 

nanocomposite by using UV- Visible spectrophotometer at 540 nm employing with 1, 5 DPC as 

complexing (coloring) agent. For reliability, experimental activities were done three times and 

the mean was used for calculation purposes. 

Effect of contact time on the adsorption of chromium ion: - The effect of contact time was 

investigated by varying the agitation time; 30, 60, 90. 120, 150, and 180 min. The experiment 

was carried out measuring 50 mL of optimized initial standard chromium solution with a 

concentration of 4 mg/L 100 mL polyethylene plastic bottle. The solution was adjusted to the 

optimized pH using 0.1M NaOH or 0.1M HCl and an optimized dose of nanocomposites was 

added to each bottle and then agitated at optimum speed (150rpm) for 90 min. The mixture was 

filtered immediately through a Whitman filter paper (0.45 µm), then the filtrate was analyzed to 

evaluate the amount of chromium adsorbed on nanocomposite by using UV-Visible 

spectrophotometer at 540 nm employing with 1, 5 DPC as complexing (coloring) agent. For 

reliability, experimental activities were done three times and the mean was used for calculation 

purposes. 

Effect of agitation speed on the adsorption of chromium ion: To find out the effect of 

agitation speed on the removal of hexavalent chromium (VI) the optimum pH, adsorbent dose, 
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and initial concentration of Cr (VI) was loaded into 100 polyethylene flask.  The agitation speed 

was varied from 100-250 with 25 range.  The mixture was filtered immediately through a 

Whitman filter paper (0.45 µm). The filtrate was analyzed to evaluate the amount of chromium 

adsorbed on nanocomposite by using a UV-Visible spectrophotometer at 540 nm employing with 

1, 5 DPC as a complexing (coloring) agent. For reliability, experimental activities were done 

three times and the mean was used for calculation purposes. 

Effect of Initial concentration of Cr (VI) on the adsorption of chromium ion: - To study the 

effect of the initial concentration of Cr
 
(VI) experiment were conducted all the parameter keep at 

the optimum value and vary the initial concentration of Cr
 
(VI). The experiment was performed 

by 0.7g adsorbent dose was loaded into 100 polyethylene flask containing 50 ml of Cr
 
(VI) 

standard solution with initial concentration 2,4, 6, 10,8, 10 and 12 mg/L).  The pH of the solution 

was adjusted by 0.1M NaOH and 0.1MHCl then agitated at optimum speed (150 rpm) for 90 

min.  The mixture was filtered immediately through a Whitman filter paper (0.45 µm), then the 

filtrate was analyzed to evaluate the amount of chromium adsorbed on nanocomposite by using 

UV-visible spectrophotometer at 540 nm employing with 1, 5 DPC as complexing (coloring) 

agent. For reliability, experimental activities were done three times and the mean was used for 

calculation purposes. 

3.16. Adsorption Isotherm and Kinetics study  

Adsorption data of removal efficiency (R) and adsorption capacity (qe) of chitosan charcoal 

nanocomposite was calculated using an equation R= (Co −Ce/Co) × 100 and qe = (Co − 

Ce)/m × v respectively for different initial Cr (VI) concentration, chitosan charcoal 

nanocomposite, pH and contact time. Where; R = % removal efficiency; Co = initial Cr (VI) 

concentration in mg/l; Ce= final Cr (VI) concentration in mg/l; qe = Adsorption capacity in 

mg/g; V= volume of the solution in ml; m = mass of the adsorbent in g (Thamilarasu et.al.,2011). 

2.15.3. Langmuir Isotherm 

The Langmuir isotherm represents the equilibrium distribution of metal ions between the liquid 

and solid phases. It is based on the assumption that metal ions are chemically adsorbed at a fixed 

number of well-defined sites; each site can hold only one ion; all sites are energetically 

equivalent and; there is no interaction between the ions (Langmuir, 1918). 
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The linearized Langmuir isotherm allows the calculation of adsorption capacities and the 

Langmuir constants and is equated by the following equation (Ahayla et.al.,2005). 

1

qe
=

1

bqmax ∗ Ce
+

1

qmax
                                                                                                         (15) 

The constants q max and b can be calculated from the slope and intercept of the plot of 1/qe 

versus 1/Ce (Thamilarasue et.al., 2011).  

The larger the constant b the higher is the adsorption energy, reflected by a fast increase in 

adsorption at low concentrations of adsorbent (Samadi et.al.,2009).  

The essential characteristics of the Langmuir isotherms can be expressed in terms of a 

dimensionless constant separation factor or equilibrium parameter, RL, which is defined as: 

𝑅𝐿 =  
1

(1+𝑏.𝐶𝑜)
                                                                                                                                (16)  

Where b is the Langmuir constant and Co is the initial concentration of Cr (VI). The value of RL 

indicates whether the type of isotherm is irreversible adsorption (RL=0), favorable adsorption 0< 

RL < 1 unfavorable adsorption (RL>1), or linear adsorption (RL=1) (Bouhamed et al., 2013). In 

this study, RL for chitosan charcoal nanocomposite had values less than 1, indicating favorable 

adsorption.  Langmuir isotherm adsorption data was obtained by varying the initial Cr (VI) 

concentration from 2 to 12 mg/l while keeping other parameters such as adsorbent dose, pH, 

contact time, and agitation speed valu es of 0.7 g, 4, 90 min, 150 rpm respectively. 

2.15.4. Freundlich Isotherm 

The Freundlich isotherm is another popular isotherm that is used widely to express adsorption 

equilibrium at a constant temperature. The well-known Freundlich isotherm is a special case 

applied to non-ideal sorption on heterogeneous surfaces and also to multilayer sorption, 

suggesting that binding sites are not equivalent and/or independent. The Freundlich model is 

described by the linear equation. 

𝐿𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝑘𝐹 + 1
𝑛𝑙𝑜𝑔𝑐𝑒⁄                                                                                                     (17) 

Where Ce and qe have the same meaning; KF and 1/n are constants that are considered to be 

relatively indicators of adsorption capacity (or related to the bonding energy) and adsorption 

intensity, respectively. The slope (1/n) ranging between 0 and 1 is a measure of surface 

heterogeneity, becoming more heterogeneous as its value gets closer to zero. A value for (n) 
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below one indicates a normal Langmuir isotherm, while (n) above one is indicative of efficient 

adsorption (Mbadcam et al.,2009). Freundlich isotherm adsorption data was also obtained by 

varying the initial Cr (VI) concentration from 2 to 12 mg/l while keeping other parameters at 

optimum values. Finally, the data obtained from the isotherms were analyzed using origin 8 

software, and the one which better fits (having a high r
2
 value) was selected as a general equation 

for extrapolation and generalization of the result.  

3.17. Adsorption kinetics 

Kinetic study of the adsorption was conducted at constant nanocomposite dose, pH, Cr (VI) 

concentration, contact time, and agitation speed. This study was done by taking 50 mL of 

chromium Cr (VI) working solution which contains 4 mg/L of hexavalent chromium 

concentration in a separate set of Polyethylene bottles of 100 ml capacity and the adsorbents 

were added to these at an optimal dose(0.7 g). The sample bottles were adjusted to optimal pH 

(4) by adjusting using 0.1M of NaOH or 0.1M HCl and shaken on a mechanical shaker at 150 

rpm. The experiments were carried out for the duration of agitation time (30, 60, 90,120, 150, 

and 180 min), after an equilibrated filter and analysis using a UV-Visible spectrometer. For the 

kinetics of chromium adsorption on chitosan activated carbon nanocomposites, two kinetic 

models were applied. These were pseudo-first order kinetics and pseudo-second-order kinetics. 

The agreement between the model's predicted values, and experimental data were expressed by 

the correlation coefficients (R
2
). The model with a relatively high correlation coefficient value is 

fit for describing the adsorption kinetics process (Repo ,2011). Finally, the result was presented 

in the graph using origin8 software. 

3.17.1. Pseudo-first order kinetics 

 Pseudo-first order kinetics usually describes the initial stage of the adsorption process. This 

reaction occurs when one reacting material is present in great excess or is maintained at a 

constant concentration compared with the other substance. Finally, the result was presented in a 

graph using origin8 software. A pseudo-first-order kinetic equation is given as (Li et al., 2003). 

ln(qe − qt) = lnqe − k1 × t                                                                                                      (18) 

Where qt is the amount of Cr (VI) ion removed at time t (mg/g), qe is the adsorption capacity at 

equilibrium (mg/g), k1 is the pseudo-first-order rate constant (1/min), and t is the contact time 

(min).  
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3.17.2. Pseudo-second-order kinetics 

Pseudo-second-order kinetics gives a good description of the whole adsorption process and is 

based on the adsorption capacity. Finally, the result was presented in the graph using origin8 

software. A pseudo-second-order kinetic equation is given as (Li et al., 2003). 

1

𝑞𝑡
 = 

1

𝑘𝑞𝑒2 −
𝑡

𝑞𝑒
                                                                                                                                  (19) 

Where qt is the amount of Cr
 
(VI) 

 
ion removed at time t (mg/g), qe is the adsorption capacity at 

equilibrium (mg/g), K2 is the pseudo-second-order rate constant (1/min), and t is the contact time 

(min). 

3.18. Comparing chitosan nanoparticles and chitosan activated carbon 

nanocomposites efficiency 

To compare the Cr (VI) removal efficiency of chitosan nanoparticles and the nanocomposite, 20 

g of chitosan nanoparticle and nanocomposite were added to wastewater chromium (VI) ion 

concentration with all optimized parameters.  During this study, 50 mL of optimized initial 

chromium (VI) ion concentration was added into a 100 mL polyethylene plastic bottle with all 

optimized parameters (dosage, pH, contact time, initial concentration ,and agitation). The 

polyethylene flask containing the sample was shaken at optimum condition. The mixture was 

filtered through a whitman filter paper (0.45µm).  The filtrate was analyzed using a UV-Visible 

spectrophotometer at 540 nm employing 1, 5 DPC as a complexing agent.  For reliability, 

experimental activities were done three times, and the result was presented in a graph using 

origin 8 software. 

3.19. Hexavalent chromium Cr (VI) removal from real wastewater from leather 

industry 

The wastewater was taken from an effluent stream of a leather tanning industry at Batu Tannery 

PLC, which is a private leather tanning industry in Addis Ababa. The sample was taken from 

tanning and re-tanning steg. Physico-chemical parameters such as temperature, pH, and electrical 

conductivity of the wastewater were taken in situ measurement. Chromium (VI) adsorption 

efficiency was investigated by prepared nanocomposites in real wastewater chromium (VI) ion 

concentration with all optimized parameters and quantified with the help of a UV- Visible 

spectrophotometric method employing 1, 5-diphenylcarbazide as a complexing agent. For 

reliability, experimental activities were done three times, and the result was presented in a graph 

using excel.  
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3.20. Quality Control 

To control the quality of the experiments, all the batch tests were replicated following standard 

procedure using analytical reagent grade chemicals prepared fresh and experimental blanks were 

run in parallel. All the synthetic samples were prepared, preserved, and analyzed with 

carefulness, patience, and accuracy. 

3.21. Analysis measurements for the strength of wastewater before and after 

treatment   

Chemical Oxygen Demand (COD) was carried out by using the Closed Reflux –Tritimetric 

method and Total Suspended Solids (TSS) and Total dissolved substance were determined based 

on (APHA, 1998). 

3.22. Determining the initial concentration of tannery waste before treatment 

The adaptability of the technique enlarged with the chitosan charcoal nanocomposite for 

hexavalent chromium removal was undertaken with some actual effluent samples. To study the 

efficiency of the chitosan charcoal nanocomposite for the actual sample, the effluent was 

digested with concentrated Nitric acid according to methods of (APHA 1998), and 10 ml of 

phosphate buffer solution was added and adjusted the pH value to lie in the range of 7.0 to 8.0 

with the help of either sodium hydroxide solution or phosphoric acid solution. The resulting 

solution was dissolved at different time intervals to 100 ml of the volumetric flask.  Finally 

Chromium (VI) initial concentration was investigated with all optimized parameters and 

quantified with the help of a UV -Visible spectrophotometric method employing 1, 5-

diphenylcarbazide as a complexing agent. For reliability, experimental activities were done three 

times.  

3.23. Determining the final chromium (VI) ion concentration in the treated effluent  

The final concentration of chromium (VI) ion was determined by dilution rule according to 

methods of (APHA, 1998). The resulting solution was dissolved in a 100ml volumetric flask at 

different time intervals. Finally Chromium (VI) initial concentration was determined with all 

optimized parameters and quantified with the help of a UV -Visible spectrophotometric method 

employing 1, 5-diphenylcarbazide as a complexing agent. For reliability, experimental activities 

were done three times.  
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3.24. Data Analysis 

To test whether there was a significant difference in optimized parameters all data generated in 

the above experiments were taken as triplicate and analyzed using Microsoft excel. PowDLL and 

spectrograph software was used to convert the XRD and FT-IR data into excel form. Origin 8 

software was used in plotting graphs and patterns of XRD and FT-IR data. Then the particle size 

was done using Match software version 3. 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

4.1. Proximate analysis  

The moisture content, ash content, solubility, and Degree of Deacetylation of chitosan, were 

0.43, 1.7, 99.48 and 78.63% respectively. 

Table 2: Proximate analysis   

Property                                       Amount  (%)                                        

Ash                                                         1.7                                                    

Moisture content                                    0.43                                                       

Solubility                                               99.48                                                          

Degree of Deacetylation                       78.63                                                               

The proximate analyses show in (Table 2), indicates a low amount of moisture and ash 

content that is good for chemical treatment because sample with higher moisture content 

needs more heat for moisture vaporization (Rasti et al., 2017).  High ash content can also 

affect the chemical treatment; it reduces the overall activity of the sample. It also reduces 

the efficiency of reactivation, so that the lower the ash value the better for chemical 

treatment used. The result could be explained based on the ash content reported by (Rasti et al., 

2017) which was less than 10% moisture content. In ash content has high-quality chitosan less 

than 1 %. The results obtained in this study agree with these studies. The findings from this study 

showed that the ash content of chitosan is an important indicator of the effective 

demineralization step for calcium carbonate removal. From the result of the degree of 

deacetylation high grade was obtained, which indicated that there was an active site of an amines 

group and a hydroxyl group in prepared chitosan. The solubility of chitosan obtained in this 

study was 99.48% which was the best result. The result could be explained based on the 

solubility study reported by Rasti et al., (2017). 

4.2.Thermal stability of the chitosan activated carbon nanocomposites 

Figure 11. Showed that thermal stability nanocomposites (TGA) of Chitosan activated carbon 

nanocomposite under an inert atmosphere at a heating rate of 10℃/min. The result could be 

explained based on the report by Layek et al., (2012).  In the TGA curve of chitosan activated 

carbon nanocomposite, there were three stages of mass. The first stage occurs from 50 to 100°C 

and reaches to degradation rate at 43.44°C with 1.46% mass loss, referring to the dehydration 

process. The last two stages with the approximate total mass loss of 7.58% (from 350 to 400°C) 
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and 11.93% (from 400 to 650°C) are presumed to be the thermal decomposition of volatile and 

residual chitosan in the nanocomposite, due to the decomposition of organic and other volatile 

matters present in the samples (Sakurai et al.,2000).  

 

Figure 11: TGA analysis of chitosan chactivated carbon nanocomposite 

4.3. XRD Analysis of Nanoparticle  

The XRD pattern of the Nanoparticle showed that the highest three strongest XRD pattern 

exhibits fingerprint lines of the Nanoparticleat at 2θ values were 19.30°,20.84°,  and 26.31° 

Figure 12. X-RD peak shows a good steadiness with the reported data of which is in agreement 

with Erdogan et al., (2017). 
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Figure 12: XRD Analysis of chitosan nanoparticle 

The narrow sharp peak indicates that the chitosan nanoparticle produced by ionic gelation 

method which was highly crystalline and small crystalline size implying that the high purity of 

synthesis method. The average crystalline size of the nanoparticles were calculated from each of 

the three strongest peak line broadening analysis using the Scherrer equation which gives 

62.1nm. This is similar to the standard diffraction spectrum of chitosan concerning its reflection 

peaks positions reported by Erdogan et al., (2017) and (Wang et al., 2014). 
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4.4. XRD Analysis of chitosan activated carbon nanocomposite  

The particle size of chitosan cactivated carbon nanocomposite was presented as Figure 13 .  The 

highest three strongest peaks appeared at 2θ around 19.31°, 22.42°, and 34.5°.  The low angle 

indicated that the presence of mesoporous structure refers to the particles are ordered in the 

preferred orientation to give very thin peaks beside each other. Which is in agreement with the 

results previously reported by Wulandari et al., (2016).  

  

Figure 13: XRD Analysis chitosan- activated carbon nanocomposite 

The average crystallite sizes of nanocomposites were calculated from each of the three strong 

peaks using the Scherrer equation which gives 26.6 nm.This judge is from the X-ray diffraction 

profile, as shown  Figure 13 the crystal size  satisfies with the range reported in the literature 

review. The higher the crystalline index indicates that good removal of amorphous 

nanocomposite materials, also expected to increase their stiffness and increased mechanical 

properties and without damage the crystalline structure. 
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4.5.Functional group characteristics from FT-IR Analysis 

4.5.1. FTIR analysis of the chitosan nanoparticle 

 The product obtained after the experimentation was analyzed by FTIR in which the presence of 

functional groups of chitosan nanoparticles has been ascertained Figure 14. The FTIR spectra of 

chitosan and its nanoparticles show characteristic broadband at 3259.13cm
-1

 revealing the 

stretching vibration of –NH2, and -OH groups in chitosan.  

 

Figure 14: FTIR spectra of prepared chitosan nanoparticles 

The broad absorption peak 3300-3500 cm-1 corresponds to –NH2 and -OH functional groups, 

indicating the existence of amine and hydroxyl groups on the surface of chitosan nanoparticles. 

By comparing the FT-IR spectrum of the chitosan in Figure 14 with that of and prepared 

nanocomposites spectrum Figure 15, it can be concluded that a small decrease in the peak 

intensity; broadening and shifting the peak from 3259.13cm-1 to 3288.87 cm-1 is evident for the 

presence of chitosan nanoparticle and can be assigned to -OH bond in the chitosan nanoparticle 

(Maram et al., 2013).  intensity  of  the band at 1639.13 cm
−1

decreases, which shows the 

improvement in the quality of chitosan. 

4.5.2. FTIR analysis of the chitosan activated carbon nanocomposite 

The FTIR spectrum of the chitosan-charcoal nanocomposite in Figure 15 showed that the broad 

peak for-OH and –NH2 groups were observed at 3288.87cm
-1 

and 3046.91 cm
-1

 respectively. The 

broad peaks for-OH groups are shifted from 3259.26 cm
−1

 to 3288.87 cm
−1

. This shift indicated 

that interaction between amine groups in chitosan and  -OH what is the functional groups present 
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in activated carbon groups in activated carbon occurred. The decrease in the peak intensities and 

small shift in the positions of the peaks in the FTIR spectrum indicated that chitosan 

nanoparticles were precipitated on the crystal structure in the porous system of chitosan.   

 

 

Figure 15: FTIR spectra of prepared chitosan activated carbon nanocomposite 

The sharp peak of –OH at 3288.87 cm
-1

 indicated the availability of a free –OH group of 

activated carbon.  The carbonyl band of the composite was shifted to a lower frequency, from 

1639.13 cm-1 to 1607.55 cm
-1

.  This FTIR spectrum showed that the composite may be prepared 

by the interaction of -NH group of chitosan and –OH group of activated carbon. A sharp peak at 

1607.55 cm
-1

 corresponds to aromatic carbon (C=C stretching). The peak at 1430 cm-1 is due to 

-C-O stretching of the primary alcoholic group in chitosan activate carbon nanocomposite. 

Similar FTIR peaks were also observed in previous studies for chitosan (Islam et al., 2019). 

4.6.The pH of point zero charge (pHpzc) 

The pH of point zero charges (pHPZC) corresponds to the pH value at which the solid is 

considered to be neutral. It plays an important role during the sorption of ionic species on solid 

surfaces from aqueous systems (Hashemi et al., 2018). Figure 16, shows the pHPZC of the 

intersection of the resulting curve at which ΔpH=0 gave 3.89 for the chitosan charcoal 
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nanocomposite. At the isoelectric point, the net surface charge was almost zero. Therefore the 

adsorbent is neither negatively nor positively charged and is effectively neutral. Below the 

isoelectric point, the surface exhibits the formation of positive charge and attracts negatively 

charged ions through electrostatic attraction. 

 

                 Figure 16: The point of Zero charges for chitosan activated carbon nanocomposite 

The results indicate that the surface of chitosan activated carbon nanocomposite is good for the 

adsorption of weak acidic functional groups such as hydroxyl groups and amine groups. The 

result of pHPZC obtained was in close agreement with the reported by the Pylypchuk et al., 

(2016). 

4.7. Optimization of Adsorption Experiment  

4.7.1. Effect of pH 

Fixed adsorbent dose (0.7 gram), contact time (90 min), initial concentration (4 mg/l), and 

agitation speed (150 rpm) maximum removal of Cr (VI) was obserbed Figure 17. The maximum 

removal efficiency (95.35%) of Cr(VI) was obtained at pH 4 and a further increase in pH shows 

a decrease in removal efficiency. Removal efficiency increased from 93.2% to 95.3% upon pH 

increasing from 2.0 to 4.0. This correlated with the presence of amine and hydroxyl ions that 

compete with chromium ions for the active sites. In other words, the active sites might be 

precipitated at high pH by reacting with hydroxyl and amine ions. The reduction rate of Cr (VI) 

was greatly reduced under alkaline conditions because at a low pH, the dominant form of Cr (VI) 
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is HCrO4
−
 . More adsorption at acidic pH indicates that the lower pH results in an increase in H

+
 

ions on the adsorbent surface that results in a significantly strong electrostatic attraction between 

positively charged adsorbent surface and chromate ions.  

 

                    Figure 17: The effect of pH at initial conditions of Cr (VI) concentration 

At 4mg/l, adsorbent dose=0.7g ,pH=4, contact time=90 minutes, shaking speed =150 rpm. 

Lesser adsorption of Cr(VI) at pH values greater than  6.0  may be due to the dual competition of 

both the anions  (CrO4
2–

  and  OH
–
)  to be adsorbed on the surface of the adsorbent, of which -

OH
  
predominates. This is under earlier studies that reported the removal of Cr(VI) by different 

adsorbents  (Ibrahim & Imam, 2015). 

The functional groups which are responsible for the binding of metal ions in the adsorbent 

surface are highly affected by it and also here is the competition between ions that are present in 

the synthetic water for the active sites of the adsorbent. During the Preparation of Chitosan gel, 

the oxalic acid treatment helped to increase the availability of active binding sites on the chitosan 

cactivated carbon nanocomposite for adsorption of Cr
 
(VI) at low pH. It was also suggested that 

during acid treatment, the formation of more acidic surface oxides on the carbon surface-

enhanced its hydrophilic character and hence improved the hydrodynamic flow (Siraj et al., 

2012). The metal adsorption dependence on pH can largely be attributed to the type and ionic 

state of the functional group present in the adsorbent and also to the metal chemistry in the 

solution. 
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4.7.2. Effect of adsorbent dose 

The experiments were carried out with adsorbent dose varied from 0.1 to 1.0g while keeping 

other parameters constant. The results of the study showed that the removal efficiency of 

chitosan charcoal nanocomposite was optimum (96.99% ) at 0.7 gram Figure 18. It was observed 

that within the range of the adsorbent dose studied, the percent removal increases with an 

increase in the amount of adsorbent up to an optimum amount of adsorbent. This was expected 

because of the higher dose of adsorbents in the solution, the greater availability of exchangeable 

sites for the ions. 

The composite showed no further increase in adsorption after a certain amount of adsorbent was 

added (0.9-1.0gm). 

 

          Figure 18: The effect of dose at initial conditions of Cr (VI) concentration 

At 4mg/l, ,pH=4, contact time=90 minutes, shaking speed =150 rpm. 

The observation suggested that after a certain dose of adsorbent, the maximum adsorption sets in, 

and hence the number of ions bound to the adsorbent and the number of free ions remains 

constant even with the further addition of the dose of an adsorbent Figure 18. The increase in the 

removal of Cr
 
(VI) with adsorbent dose can be attributed to the introduction of more binding 

sites for adsorption However, when the adsorbent dosage is increased, more chromium ions are 

retained by excess surface centers that have not yet been saturated (Mitra et al., 2017). 

Therefore, an adsorbent dosage of 0.7 g was chosen for the subsequent studies. 
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4.7.3. Effect of contact time 

As illustrated in Figure 19 The interaction of adsorbent and chromium (VI) contained solution 

was performed at pH 4.0, initial concentration 4 mg/L, Agitation speed 150rpm, and the 

adsorbent dose 0.7g. To see the effect of contact time on adsorption efficiency and to find the 

optimum contact time between the adsorbate and adsorbent the experiment was conducted in the 

time range of 30-180 minutes with a 30-minute interval. Figure 19, showed that it was observed 

that the removal of Cr
 
(VI) was found to be highest at 90 min (95.2 %). After that further 

increase in contact, time was not shown any significant effect on the removal efficiency.  This 

phenomenon might be attributed as remaining vacant surface sites are difficult to be occupied 

due to repulsive force between the solute molecules on the solid and bulk phases. 

                            

                   Figure 19: The effect of contact time at initial conditions of Cr (VI) concentration 

At 4mg/l, adsorbent dose=0.7g ,pH=4, and shaking speed =150 rpm. 

It is clear that increasing the contact time above 90 min had no significant impact on adsorption 

performance, it was a wastage of time. Another study also reported that the reduction of 

hexavalent chromium by chitosan activated carbon composites resulted in more than 98% 

hexavalent chromium reduction in the equilibrium time within 120 min ((Siraj et al., 2012).  
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4.7.4. Effect of agitation speed 

The effect of agitation speed on the Cr (VI) removal efficiency was studied. The graph in Figure 

20, showed that, the removal efficiency of chitosan activated carbon nanocomposite at agitation 

speed 100 rpm,125 rpm,150 rpm,,175 rpm,200 rpm, and 255 rpm were 90.58%, 

92.89%,94.30%,90.26%,and 88.69% respectively.The rate of adsorption increases with agitation 

speed.  This is because, with the increased disorder of solution, there is a decrease in boundary 

layer thickness around the adsorbent particles.  It can be seen from the figure that at 150 rpm the 

removal efficiency is maximum (94.30%). ((Sartape et al., 2010) reported that a similar effect 

was studied.   

 

    Figure 20: The effect of Agitation speed at initial conditions of Cr (VI) concentration 

At 4mg/l, adsorbent dose=0.7g ,pH=4, contact time=90 minutes. 

At the beginning of 100 - 150 rpm, the adsorption process increased. This might be due to the 

low shaking speed that leads to a low collision between Cr (VI) and the active surface of the 

adsorbent.  It will be seen that the percentage removal of Cr (VI) ions attained a constant value at 

agitation speeds above 150 rpm. Beyond this, there is no further increase in the removal 

efficiency of the adsorbent. This means that for the adsorption process there is optimum speed, 

which is to be investigated for every adsorbent. 
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4.7.5. Effect of the initial concentration of hexavalent chromium 

According to the Figure 21. The effect of initial concentrations of Cr (VI) on the removal 

efficiency of chitosan charcoal nanocomposite had been studied for six different concentrations 

of 2,4,6,8,10, and 12 mg/L through batch experiment mode by kept all parameter constant and, 

the removal efficiency was found to be 98.14%, 98.20%,97.76%,97.88%,95.35%, and 95.08% 

respectively for different concentrations of chromium ion as taken above. The maximum 

percentage removal of Cr (VI) ions was 98.20 % at an initial Cr (VI) ion concentration of 4mg/L. 

Increasing the initial concentration of Cr (VI) ions from 2mg/L to 12mg/L led to an increase in 

the amount adsorbed from 0.496 mg/g to 2.974 mg/g.   

 

Figure 21: The effect of initial concentration at adsorbent dose=0.7g,pH=4, contact 

time=90 minutes, shaking speed =150 rpm 

In such optimization, the pH of the system was adjusted to 4, while agitation was conducted at 

150 rpm for 90 min. However, the percentage removal of Cr (VI) ions decreased as the initial 

concentration of Cr (VI) ions increased. This may have been due to an increase in the number of 

Cr (VI) ions competing for a fixed number of adsorption sites on chitosan activated carbon 

nanocomposite and excess hexavalent chromium ions remain in the solution. Therefore, a Cr 

(VI) concentration of 4 mg/L was selected for the remaining subsequent experiments. 
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4.8. Adsorption Isotherm Result Analysis  

4.8.1. Langmuir Isotherm 

The Langmuir isotherm was used for a mathematical description of the adsorption of Cr (VI) 

ions. Figure 22 indicates that adsorption data of Cr (VI) on chitosan activated carbon 

nanocomposite using the Langmuir equation. The correlation coefficient (R
2
)

 
value of Langmuir 

in this study was 0.998 which shows good applicability of the model, indicating monolayer 

adsorption surface conditions. Based on the correlation coefficients (R
2
) and fitting curves, the 

Langmuir isotherm model is the best fit, and fitting curves this observation implies that 

monolayer adsorption on the homogenous surface may co-exist under the applied experimental 

conditions. The essential feature of the Langmuir isotherm can be expressed through a 

dimensionless constant separation factor (RL).In this context, a lower RL value reflects that 

adsorption is more favorable.  

 

Figure 22: Langmuir plot for the adsorption of Cr (VI) at optimum conditions of biosorbent 

Dose =0.7g, pH =4, contact time = 90 minutes, shaking speed =150rpm 

The result of RL from this work was ranged from 0.0965-0.3906, which shows that adsorption is 

favorable for chitosan charcoal nanocomposite which is similar to the report of (Yasmeen et al., 

2016). Figure 22, showed that the values of Langmuir parameters qmax and b obtained from the 

slope and intercept of 1/Ce vs.1/qe were 26.8 mg/g and 0.78 respectively. Whereas the 

coefficient of determination (r
2
) value was 0.998. 

 

 



 
 
 

65 
 

Table 3: Data showing the RL values obtained for the adsorption of six different concentrations 

of Cr (VI) ions by chitosan charcoal nanocomposite. 

Initial Concentration (mg/L) RL Value 

2 0.3906 

4 0.2427 

6 0.1761 

8 0.1381 

10 0.1136 

12 0.0965 

4.8.2. Freundlich Isotherm 

In this study, the n value for the adsorbent was 1.027 which is in the range of the accepted limit.  

According to (Fabbricino & Gallo, 2020) report for the best fit of Freundlich isotherm, the n 

value should be from 1 to 10.  As it can see from Figure 23. The values of Freundlich isotherm 

parameters 1/n and Kf obtained from the slope and intercept of the plot Logqe vs LogCe were 

0.9344 and 2.4248 respectively, which is indicative of surface heterogeneity of the sorbet, which 

is represented as below.  

 

 

Figure 23: Freundlich plot for the adsorption of Cr (VI) at optimum conditions of adsorbent 

                            Dose =0.7g,pH =4,contact time=90 minutes, shaking speed=150rpm. 
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Table 4: Freundlich and Langmuir Isotherm Data 

Langmuir Isotherm Freundlich Isotherm 

Parameters Parameters 

RL qmax(mg/g) b(L/mg) R
2
 n Kf(mg/g) L/mg)

1/n
 R

2
 

0.2427 26.8 0.788 0.998 1.1612 2.4248 0.9344 

From Table (4), it can be seen that the value of n= 1.1612 is in the range set by Freundlich 

a model which is between 1 and 10. This shows the favorability of hexavalent chromium 

adsorption onto the chitosan activated carbon nanocomposite prepared in this study. At the same 

time, the separation factor RL = 0.2427 is in the range 0 < RL < 1, which indicates a favorable 

adsorption process. Because of a correlation coefficient, the R
2
 value for Langmuir closer to 1 

than the value for the Freundlich model, and thus the data best fit with the Langmuir isotherm 

model. This showed homogenous adsorption of Cr
  

(VI) adsorption onto chitosan activated 

carbon nanocomposite.  

4.9.Adsorption kinetics 

In this study adsorption kinetics was conducted with 0.7 g dose of nanocomposites, 4 mg/L 

concentration of Cr (VI) at pH 4,  and agitation speed of 150 rpm. The equilibrium adsorption 

capacity of the nanocomposites was used in the calculation of kinetics at time intervals between 

30 - 180 minutes. The closeness of the experimental data and the model-predicted values were 

expressed by the correlation coefficient and the calculated adsorption capacity (qcal). A relatively 

high R
2
 value and the closer the value of qcal to the value of qexp. implies that the model 

successfully illustrates the kinetics of Cr (VI) adsorption.  

4.9.1. Pseudo-first-order kinetics  

By using Equation (11), log (q e − qt) versus t  was plotted as shown Table 5 and Figure 24, 

which shows the results of pseudo-first-order kinetics for the adoption of hexavalent chromium 

on chitosan activated carbon nanocomposite.  The values of k1 and qe can be determined from 

the slope and intercept and values of k1, qe, and R
2
. 

 

 

Table 5: Pseudo first orde parameters for Cr (VI) adsorption 
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Adsorbent  Kinetics Model   Parameters Result 

Chitosan activated carbon nanocomposite Pseudo-first-order   K1 0.601 

qe(exp.) 0.3368 

qe(cal.) 0.1 

R
2
 0.75 

 

 

Time  

Figure 24: Pseudo-first-order model 

Based on the result of the adsorption of Cr (VI) on chitosan activated carbon nanocomposite the 

qe (0.3368 mg/g) value from the experiment was far from the calculated qe (0.1 mg/g) and 

coefficient determination (R2 =0.75) value, therefore, the adsorption process is not fitted with 

pseudo-first-order model.   

4.9.2. Pseudo-second-order kinetics 

The value of adsorption rate constant, K2, qe, and R2 for the adsorbate adsorption onto adsorbent 

was determined from the slope and intercept of the plots of t/qt against t. The values of K2 and qe 

can be determined from the slope and intercept and values of K2, qe, and R
2
. 
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Table 6:Pseudo second orde parameters for Cr (VI) adsorption 

Adsorbent  Kinetics Model   Parameters Result 

Chitosan activated carbon nanocomposite Pseudo second-order   K2 0.449 

qe(exp.) 0.3368 

qe(cal.) 0.3102 

R
2
 0.999 

 

As seen from the Figure 25, adsorption capacity and regression coefficient conform that 

adsorption of hexavalent chromium on to adsorbent follows a pseudo-second-order kinetic 

model. This reaction occurs when one reacting material is present in great excess or is 

maintained at a constant concentration compared with the other substance.  

 

Figure 25: Pseudo-second-order model 

The applicability of the pseudo-second-order kinetic model specifies that the adsorption process 

is chemisorption and the rate-determining step is probably surface adsorption. A similar 

phenomenon has been experienced for the adsorption of chromium on other bio-adsorbents Islam 

et al., (2019). Information on the kinetics of heavy metal uptake is required to select the 

optimum condition for the full-scale batch metal removal process (Zhang et al., 2016). 
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4.10. Comparisons of another adsorbent with present adsorbent 

In this present work, at 90 min of contact time, 0.7 grams of nanocomposites, and 150 rpm 

agitation speed was able to remove 96.99% of 4 mg/L Cr (VI) concentration from synthetic 

wastewater sample at pH 4. In this section, different adsorbents are compared with chitosan 

activated carbon nanocomposite for hexavalent chromium removal.  

Table 7: Reported maximum adsorption capacities (qmax in mg/g) in the literature for chromium 

obtained on low-cost adsorbents. 

Adsorbents  qmax(mg/g

)                    

Reference 

Maerua Subcordata Root 4.54                   (Mesfin Bacha;2015) 

Chitosan 23     (Manuel.et al.,1995) 

Ethylamine Modified Chitosan Carbonized Rice Husk 

Composite 

52.7 Sugashini( et al., 2013) 

Chitosan charcoal composite  21.94 (Sharififard.et al.,2019) 

Cross-link chitosan/bentonite composite 89.13 (Liu et al.,2015) 

Chitosan synthesis 24.48 (Dehghani et al.,2016) 

Activated carbon 15.25 (Paschal ;2017) 

chitosan activated carbon nanocomposite 26.8 Present study 
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4.11. Hexavalent chromium removal from from synthetic wastewater 

Figure 26. represents the removal efficiency of chromium (VI) by two adsorbents chitosan 

nanoparticles and chitosan-activaated carbon nanocomposite. These were conducted under 

constant parameters (after optimization of all parameters). Figure 26, shows that the removal 

efficiency of chitosan nanoparticles and chitosan-activated carbon nanocomposite for synthetic 

wastewater. Which was found at 78.12% and 96.99% respectively.  

 

               Figure 26: Comparing adsorption efficiency of chitosan nanoparticles and chitosan 

activated carbon nanocomposite for synthetic wastewater 

It might be due to the exposure of a larger amount of amino group and the hydroxyl group in the 

chitosan-activated carbon nanocomposite and the fact that chitosan-activated carbon 

nanocomposite had a non-homogenous, non-smooth surface with some porous straps and 

shrinkage structure which might facilitate such removal efficiency(Gunawardana & 

Gunawardena, 2018). 
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4.12. Hexavalent chromium removal from real wastewater  

Table 8: The result of physico-chemical characteristics of tannery effluent and initial 

concentration of chromium (VI) before treatment 

Parameters Temp. pH Conductivity 

(µS/cm) 

COD TSS TDS Cr (VI) 

 

                                Units/mg/L 

wastewater 20.4 5.79 1.11 1915.5 90.4

188 

98.64 1.859 

As shown in Table 8. The result of the initial concentration of hexavalent chromium for real 

wastewater before treatment was 1.859 mg/L. The concentration was analyzed according to 

methods of APHA, (1998). 

Table 9: The Result of Physico-Chemical Characteristics and the final concentration of 

chromium (VI) in tannery after treated. 

Adsorbent Parameters COD TSS TDS Cr (VI) 

Chitosan-activated carbon 

nanocomposite 

 

 

 

 

Units mg/L 

1322 90.48 98.73 0.6305 

The final concentration of hexavalent chromium after treated with chitosan activated carbon 

nanocomposite was 0.6305 mg/L. The real wastewater removal efficiency was carried out at 

optimized point.. According to (Khan et al., 2017) the organic and suspended material in the 

wastewater doesn’t significantly affect the removal efficiency of hexavalent chromium hence 

effect of interference of organic compounds is not taking into consideration. The removal 

efficiency of the chitosan nanoparcile  and nanocomposite was 69.53% and 85.5% respectively, 

which means the equilibrium adsorption capacity Ce (0.103 mg/L) is almost equivalent to the 

required Cr (VI) (0.1mg/ L) which is stated by the former EPA national standard and USEPA 

recommendation, to protect the environment and public health.  
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The removal efficiency for tannery effluent was somehow less than that of synthetic wastewater 

(96.99%). This may be due to the presence of other metals and different matrics in tannery 

effluent which competed with Cr (VI) to adsorb on chitosan-activated carbon nanocomposite. 

 

 

                          Figure 27: Comparing adsorption efficiency of chitosan nanoparticles and 

chitosan activated carbon nanocomposite for real tannery wastewater 

 

 

 

 

 

 

 

 

 

 

 

30

40

50

60

70

80

90

100

R
em

o
v

a
l 

E
ff

ic
ie

n
cy

 (
%

) 

Chitosan nanoparticle 

Chitosan- activated carbon nanocomposite 



 
 
 

73 
 

 

CHAPTER FIVE: CONCLUSION AND RECOMMENDATION 

5.1. Conclusion  

Conclusively, much more dedicated work and further research studies are required; this will 

ensure the discovery of new or novel effective low-cost adsorbents thereby reducing the presence 

of toxicant chromium (VI) pollutants in the environment. In this study, the nanocomposite 

adsorbent was successfully synthesized to bring the unique properties of chitosan materials to 

achieve the best removal efficiency of Cr (VI). The removal of hexavalent chromium from 

tannery wastewater using chitosan-activated carbon nanocomposite was investigated under 

different experimental conditions in a batch mode.  Adsorbent  characterizations performed using 

various measurements such as XRD patterns, FTIR spectra, and TGA thermal stability 

measurements indicate homogeneous dispersion of chitosan-activated carbon nanocomposite. In 

this study, results indicate that adsorbent dose, pH, contact time, initial concentration, and 

agitation speed have a high impact on the chromium uptake capacity of adsorbents. The optimum 

operating conditions were as follows: pH =4, adsorbent dose =0.7g, contact time =90min, 

agitation speed =150rpm, and initial concentration of Cr (VI) =4mg/L. At optimum condition the 

percentage of removal of chromium(VI) was 95.6%. The Langmuir isotherm provided the best 

fit with the equilibrium data of Cr (VI) removal on chitosan charcoal nanocomposite. It was 

observed that the adsorption kinetics of Cr (VI) on nanocomposite followed the pseudo-second-

order model which suggests that the adsorption process is chemisorption and the rate-

determining step is probably surface adsorption. The maximum monolayer adsorption capacity 

for chitosan-activated carbon nanocomposites was found to be 26.8mgg.
-1  

 At the same time, 

other physicochemical parameters such as COD, TSS, and TDS were significantly reduced. 

Altogether, this novel nanocomposite is an excellent adsorbent for the uptake of Cr (VI) from 

tannery wastewater. The unique properties of chitosan-activated carbon nanocomposite together 

with availability make adsobent an exciting and promising agent for chromium adsorption from 

tannery wastewater. 
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5.2. Recommendation 

The following recommendations were made for future work and application of Chitosan-

activated carbon nanocomposite for tannery wastewater treatment, especially hexavalent 

chromium removal.  

 Further study should be conducted to apply hexavalent removal from the wastewater 

treatment process (industrial, as well as domestic wastewater) can become very 

economical and eco-friendly. 

 The efficiency of this material should also be investigated for the removal of Cr (VI), 

TSS,  TDS, and COD from tannery wastewater and also the application of the material on 

wastewater containing all sorts of pollutants. 

 This study focuses on chitosan-activated carbon nano composite which is low cost, 

environmental friendly, easy to prepare, so further studies are recommended for other 

suitable application. 

 Oyster mushrooms can be easy to cultivate for the production of chitosan as used for 

hexavalent chromium removal from tannery wastewater.  
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ANNEX 

Annex I. How to prepare 1000mg/L Stock solution from the analytical grade of potassium 

dichromate (K2Cr2O7). 

Potassium dichromate (K2Cr2O7)  has a molecular weight =2*39+2*52+7*16=294g/mole, which 

means 104g of Cr(VI) is available in 294 g of K2Cr2O7, Therefore,1g of Cr(VI) is available in 

(294/104)*1=2.827 g of K2Cr2O7 was taken and diluted with distilled water in 1000ml of 

volumetric flask.  

ANNEX II. Preparation  of Cr(VI) standard working solution from a stock solution of 

1000mg/L Cr
+6

 and figure of the calibration curve for hexavalent chromium 

Initial concentration of stock solution of Cr(VI) , C1= 1000mg/L.  Initial  volume of stock 

solution of Cr(VI), V1 =?  

Required diluted concentration of Cr(VI), C2=(2 mg/L,4 mg/L,6 mg/L,8 mg/L,10 mg/L,and 

12mg/L) 

Required dilute solution volume of Cr(IV) , V2= 50ml [can vary to equired volume] 

According to the dilution rule of (APHA,1998), C1V1=C2V2 

V1=C2V2/C1, 2mg/L*50ml/100mg/=0.1ml 
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With similar fashion of 4 mg/L,6 mg/L,8 mg/L,10 mg/L ,and 12mg/L were prepared  

 

 

 

 

 

 

 

 

 

 

 

ANNEX II: Preparation of 0.1M NaOH 

0.4 g of NaOH was dissolved by distilled water in a 100ml conical flask 

ANNEX III: Preparation of 0.1M HCl 

100ml of water was taken in a cleaned and dried 1000ml volumetric flask and add 8.5 ml of 

Conc. Hydrochloric acid with continuous stirring and add more about 700ml of distilled water 

then make up the volume 1000ml with distilled water. 

ANNEX IV: Preparation of 1,5-Diphenyl carbazide(DPC) Compexing agent  

0.5g of 1,5-Diphenyl carbazide(DPC) was diluted in 50ml of acetone and 1 drop of glacial acetic 

acid 
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ANNEX V: XRD result shows chitosan impurity and Dhkl result with match 3 
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APPENDIXES 

APPENDIX A: The result of optimization parameters  

Table I:  Effect of pH on chromium (VI) removal by chitosan-activated carbon 

nanocomposite 

pH Ce(mg/l) Mean of qe(mg/g) Mean of %removal  

2 0.2533 0.2676 93.31 

4 0.1861 0.2724 95.35 

6 0.1973 0.2716 95.06 

8 0.3224 0.2627 91.94 

10 0.7949 0.2289 80.12 

12 0.9578 0.2173 76.05 

Table II:  Effect of Dose on chromium (VI) removal by chitosan -activated carbon 

nanocomposite 

Dose(gram) Ce(mg/l) Mean of qe(mg/g) Mean of %removal  

0.1 0.4612 1.7694 88.47 

0.3 0.3768 0.6039 90.58 

0.5 0.2952 0.3704 92.62 

0.7 0.1201 0.2771 96.99 

0.9 0.1794 0.2122 95.51 

1.0 0.2062 0.1897 94.87 

Table III:  Effect of Contact Time on chromium (VI) removal by chitosan-activated carbon 

nanocomposite 

Contact time(min) Ce(mg/l) mean of qe(mg/g) mean of %removal  

30  

0.7844 

0.2297 80.39 

60 0.3761 0.2588 90.6 

90 0.1932 0.2719 95.17 

120 0.2933 0.2648 92.66 

150 0.2956 0.2646 92.61 

180 0.2985 0.2644 92.54 
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Table IV:  Effect of agitation speed on chromium (VI) removal by chitosan-activated 

carbon nanocomposite 

Agitation speed (rpm) Ce(mg/l) mean of qe(mg/g) mean of %removal  

100 0.3765 0.2297 90.59 

125 0.2842 0.2588 92.89 

150 0.2104 0.2719 94.74 

175 0.2279 0.2648 94.3 

200 0.3894 0.2646 90.26 

225 0.4521 0.2644 88.69 

 

Table V:  Effect of initial concentration of  chromium (VI) removal by chitosan-activated 

carbon nanocomposite 

Co (ppm) Ce(mg/l) mean of qe(mg/g) mean of %removal  

2 0.0745 0.2803 98.14 

4 0.0722 0.2806 98.2 

6 0.0892 0.2793 97.77 

8 0.1246 0.2768 96.89 

10 0.1849 0.2725 95.37 

12 0.1965 0.2717 95.08 

Table VI:  Langmuir isotherm on adsorption of chromium (VI) on chitosan-activated 

carbon nanocomposite 

Co (ppm) 1/Ce 1/ qe qe(cal.) qe(exp.) RL qmax  R
2
 

2 58.84 2.016   0.3906 26.8 0.998 

4 34.48 1.007   0.2427   

6 27.02 0.870   0.1761   

8 16.95 0.504   0.1381   

10 13.51 0.403   0.1136   

12 9.71 0.336   0.0965   
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Table VII:  Freundlich isotherm on adsorption of chromium (VI) on chitosan-activated 

carbon nanocomposite 

Co (ppm) LogCe Log qe 1/n  Kf  R
2
 

2 -1.77 -0.3045 0.9737 4.409 0.9645 

4 -1.54 0.0022    

6 -1.43 0.173    

8 -1.23 0.297    

10 -1.13 0.394    

12 -0.98 0.473    

 

 

APPENDIX B:  Prximate analysis 

Table VIII: Determination of moisture content 

S.no Weight of Sample + empty crucible 

Before Dry (g) 

Weight of Sample +empty crucible After  

Dry (g) at 105
o
c for 3hr 

1 30.2919 29.7769 

2 31.3939 30.8759 

3 30.4360 29.8881 

 

Loss on drying (%) =  (
𝑀−𝑀1

𝑀
 ) × 100                                                                                            (1)                                                              

   Where   M is the weight of chitosan +empty crucible before being dried   

    M1 is the oven-dry weight of chitosan + empty crucible. 

1. (
𝟑𝟎.𝟐𝟗𝟏𝟗−𝟐𝟗.𝟕𝟕𝟔𝟗

𝟑𝟎.𝟐𝟗𝟏𝟗
) 𝒙𝟏𝟎𝟎    = 1.70% 

2. (
𝟑𝟏.𝟑𝟗𝟑𝟗−𝟑𝟎.𝟖𝟕𝟓𝟗

𝟑𝟏.𝟑𝟗𝟑𝟗
) 𝒙𝟏𝟎𝟎    = 1.65% 

3. (
𝟑𝟎.𝟒𝟑𝟔𝟎−𝟐𝟗.𝟖𝟖𝟖𝟏

𝟑𝟎.𝟒𝟑𝟔𝟎
) 𝒙𝟏𝟎𝟎    = 1.81% 

 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 =
𝟏.𝟕𝟎+𝟏.𝟔𝟓+𝟏.𝟖𝟏

𝟑
  = 1.7% 
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Determination of ash content   

The ash content was calculated using the following equation (Puvvada et al., 2012). 

Ash % =(
𝐶−𝐴

𝐵−𝐴
)𝑋100                                                                                                        (2) 

Where: A = weight of empty crucible (gram) 

   B = weight of crucible and sample before ash (gram) 

  C = weight crucible and ash (gram) 

Weight of empty crucible (A) =29.1029  

Weight of empty crucible +sample before ash (B) =30.1029 

Weight of empty crucible +ash (C)                    = 29.6729 

                             

                             Ash %     =     (
29.6729−29.2429

30.1029−29.1029
) X100   =0.43% 

Determination of Degree of Deacetylation (DDA) 

The percent of free NH2 groups in chitosan was calculated as follows (Hossain, 2014).  

 

NH2% =[
(𝐶1𝑉1−𝐶2𝑉2)𝑋0.016

𝐺 𝑥(100−𝑊)
] X100                                                                                   (3) 

Free NH2% = NH2%/9.94% × 100% or DDA (%) = NH2%/9.94% × 100% 

Chitosan theoretical NH2 content % = (16/161) × 100% = 9.94% C1: Concentration of HCl (M); 

C2: Concentration of NaOH (M); V1: the volume of HCl added (mL); V2: the volume of NaOH 

added by titration (mL); G: Sample weight (g); W: sample water content (%); 0.016: equal to 

NH2 content (g) in 1 mL of 1 M HCl. 

Determination of Solubility 

Table IX:  

S.no Weight of Sample + filter paper 

initial(g) 

Weight of Sample + filter paper final 

(g)  

1 2.8818 2.8871 

2               2.8816 2.8868 

3               2.8814 2.8867 

 The percentage of solubility was calculated using the following formula (Puvvada et al., 2012).  

Insoluble (g) = A (g)-B (g 
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         Insoluble (%)       =   C/D X100  

Solubility (%) =100-% insoluble                                                                                                  (4) 

Where: A= final weight of filter paper with sample (g)  

             B =-the initial weight of filter paper with sample (g) 

            C= insoluble (g) 

            D= sample weight in (g)) 

Average of initial filter paper and final filter paper  

A= 
2.8818+2.8816+2.8814

3
= 2.8816g 

B =
2.8871+2.8868+2.8867

3
= 2.8868g 

Insoluble (g) = (2.8868g-2.8816 g =0.0052g 

Insoluble (%)     =   (
0.00523

1
) ∗ 100 =0.52 

Solubility (%) =100-0.52 =99.48 

APPENDIX C: Statically analysis using one way ANOVA 

Table x: One way ANOVA data analysis for Dose with removal Efficiency 

Trial  0.1 0.3 0.5 0.7 0.9 1.0 

1 88.46 89.86 93.15 97.25 95.76 92.98 

2 88.47 91.01 92.24 96.82 94.83 96.43 

3 88.48 90.87 92.47 96.91 95.94 95.2 

Mean±SD 88.47±0. 01 90.58±0.63 92.62±0.47 96.99±0.23 95.51±0.59 94.87±1.5 

Source of 

Variation 

SS  Df  MS  Fcalcu  P-value  Fcrit. 

Between 

groups 

159.807  5  31.961  58.66 0.0001 3.105875 

With 

groups 

6.538  12  0.545    

Total  166.345   17     

 

Table XI: One way ANOVA data analysis for pH with removal Efficiency 
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Trial  2 4 6 8 10 12 

1 93.5 94.83 95.1 90.49 78.59 76.05 

2 89.96 95.72 95.84 93.38 80.15 75.96 

3 96.47 95.5 94.24 91.96 81.62 76.14 

Mean±SD 93.31±3.25 95.35±0.46 95.06±0.80 91.94±1.44 80.12±1.51 76.05±0.07 

Source of 

Variation 

SS  Df  MS  Fcalcu  P-value  Fcrit. 

Between 

groups 

1,050.114  5  210.023  79.894  0.000 3.105875 

Within   31.545  12  2.629 31.545    

Total  1,081.659  17     

 

Table XII: One way ANOVA data analysis for contact time with removal Efficiency 

Trial  30 60 90 120 150 180 

1 80.99 91.05 96.03 92.68 94.78 90.49 

2 78.56 92.04 95.24 93.34 93.12 91.86 

3 81.62 88.71 94.24 91.96 89.93 95.24 

Mean±SD 80.39±1.62 90.60±1.71 95.17±0.89 92.66±0.69 92.61±2.46 92.53±2.44 

Source of 

Variation 

SS  Df  MS  Fcalcu  P-value  Fcrit. 

Between 

groups 

411.348  5  82.270  26.226 0.000 3.105875 

Wtihin 

groups 

37.644  12  3.137    

Total  448.992 448.992     
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Table XIII: One way ANOVA data analysis for agitation speed with removal Efficiency 

Trial  100 125 150 175 200 225 

1 87.87 92.74 96.13 94.28 90.55 90.76 

2 90.99 91.54 93.24 95.81 90.63 86.5 

3 92.91 94.39 94.85 92.82 89.6 88.9 

Mean±SD 90.59±2.54 92.89±1.43 94.74±1.44 94.3±1.49 90.26±0.57 88.72±2.13 

Source of 

Variation 

SS  Df  MS  Fcalcu  P-value  Fcrit. 

Between 

groups 

87.966  5  17.593  7.335  0.002 3.105875 

Within 

groups 

28.784  12  2.399    

Total  116.750 17     

 

Table XIV: One way ANOVA data analysis for initial concentration with removal 

Efficiency 

Trial  2 4 6 8 10 12 

1 98.13 99.09 96.53 96.89 94.93 96.75 

2 98.13 97.3 98.11 96.97 95.66 95.2 

3 98.14 98.21 98.67 96.87 95.55 93.29 

Mean±SD 98.13±0.005 98.2±0.89 97.77±1.11 96.88±0.05 95.38±0.39 95.08±1.73 

Source of 

Variation 

SS  Df  MS  Fcalcu  P-value  Fcrit. 

Between 

groups 

28.748  5  5.750  6.670  0.003 3.105875 

Within 

groups 

10.343  12  0.862    

Total  39.092 17     

 



 
 
 

102 
 

APPENDIX D: Schematic diagram of chitosan nanoparticle Synthesis  

 

 

 



 
 
 

103 
 

 

 

 

 



 
 
 

104 
 

 


