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Abstract 

Dyes are extensively used to color various products in many industries. These can be lost as 

effluent to the aquatic environment. The waste water Loaded with toxic dyes is not acceptable to 

environmental regulations and exhibit to humans, aquatic organisms, and the environment in 

general. Based on this idea, focusing environmental issue and economic point of view, the use of 

low cost and eco-friendly food wastes were investigated for the removal of MB dye from waste 

water. In this study, the usage of food wastes like Injera, peels of potatoes, onions, and garlic 

adsorbents (acid activated biochar) for the removal of MB dye from the aqueous solution were 

investigated. Some physicochemical properties of the adsorbents such as porous characteristics, 

surface area, surface functional group and point of zero charge were determined. The batch 

adsorption studies of methylene blue were carried out by Injera, peels of onion, garlic, and 

potatoes wastes independently. The optimum removing efficiencies of potato, garlic and onion 

peels activated biochars were known to be 99.213% at optimum (initial concentration of 10 

mg/L, temperature of 313 K, pH of 10 of mass of 0.5 g and time of 180 minutes), 99.833% at 

optimum (initial concentration of 10 mg/L, temperature of 313 K, pH of 7 of mass of 0.1 g and 

time of 30 minutes), and 99.994% at optimum (initial concentration of 10 mg/L, temperature of 

343 K, pH of 4 of mass of 0.4 g and time of 20 minutes) respectively. The modeling studies 

revealed that the studied process obeys the pseudo-second-order model and Langmuir isotherm 

model. Finally, the determination of thermodynamic parameters indicated the exothermic and 

spontaneous type of the removal process of MB onto all activated biochars prepared. 

Key words: Activated biochar, MB, Adsorption Kinetic, Adsorption isotherm 
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1. Introduction 

1.1. Background of the study 

Dyes are widely used to color various products in many industries and have significantly affect water 

quality. The discharge of dyes into water is attributed to industries such as textile, leather, paper, 

plastics, etc. Dyes as wastewater pollutants represent a big concern for the environment, because 

these dyes exhibit toxicity to humans, aquatic organisms, and the environment in a general. 

Different studies have been conducted to solve the problem of water pollution, such as photo 

catalysis and adsorption. Adsorption is one of the most used techniques for wastewater 

purification, applied to remove organic molecules at industrial scale due to its low cost and its 

ease of operation. Among the different adsorbents used for wastewater treatment, activated 

carbons show the most suitable characteristics, such as high porosity, well developed internal 

surface area and high adsorption capacity [1]. 

However, the production costs lead to a serious drawback for the use of activated carbons as 

industrial adsorbents. To overcome this drawback, recent years have seen an increasing interest 

in the production of activated biochar from biomass, being a renewable and low cost adsorbent 

material. Biochar is the solid residue of biomass pyrolysis and it is characterized by high porosity 

and high amount of carbon in aromatic form. When properly activated, this material presents 

sorption capacity and surface area similar to that of activated carbon [2].  

The activation of biochar is required to improve the biochar characteristics needed in the 

adsorption process. Different methods are available for the activation of biochar. Physical 

activation consisting in a high temperature treatment in a continuous flow of gas such as CO2 or 

H2O enhances the surface area and porous structure, and thus the sorption capacity for water 

contaminants. Furthermore, heavily condensed polycyclic aromatic and π-electron rich sites are 

formed during physical activation providing hydrophobic properties to biochar which leads to 

enhanced properties to adsorb hydrophobic organic compounds [3]. 
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Chemical activation consisting in the reaction of biochar with a chemical agent such as an acid or 

a base leads to the formation of micro pores by subsequent dehydration and/or oxidation. 

Although chemical activation presents some difficulties due to corrosion of the apparatus by 

chemicals and complicated recovery of chemicals, and it is much higher efficiency in the 

activation of biochar with respect to the physical treatment makes its application very interesting. 

In the literature many studies on the adsorption of dyes by means of chemically activated biochar 

are available. The chemical activation is usually performed on the biochar and then the activated 

material is subjected to an additional thermal treatment [4,5]. 

In this study the adsorption capacity of biochar derived from solid food wastes were tested on the 

removal of MB. The adsorbents were produced by chemical activation of the biomass followed 

by thermal treatment due to high removal efficiency of chemical activated biochar. In this 

method, lower temperature is used for pyrolysis to minimize energy consumption during the 

production of the adsorbent [6-9]. The adsorption capacities of activated Biochar were compared 

with that of biochar produced without activation. 

1.2. Statement of the problem 

Color removal from effluents on a continuous industrial scale has been given much attention in 

the last few years, not only because of its potential toxicity but also mainly due to its visibility 

problem. The industries required to treat effluent containing dyes before they are discharged to 

water bodies. Thus, scientific community takes on the responsibility of contributing to waste 

treatment through the development of an effective dye removal technique [10]. 

That is why this study was interested to remove dye from waste water by using biochar derived 

from solid food wastes. There are several promising methods for removal of dyes from waste 

water such as: physical, chemical and biological methods which were widely used to treat waste 

water containing dyes [11]. 

Physicochemical and electrochemical treatment methods such as photochemical, sono-chemical, 

electrochemical, coagulation and flocculation, bio-degradation, membrane separation, photo-

fenton processes, oxidation or ozonation have been reported [12]. Amongst these technologies, 
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the adsorptive removal process is revolutionary, a cost effective and easy to use alternative with 

reliable performance [13]. 

In general, the selection of an adsorbent mainly included: the adsorption capacity, inexpensive, 

availability, production technology etc. When using solid food wastes adsorbents are prepared 

and screened, it was expected to remove MB from wastewater effectively.  

This study responds to the following questions: 

 Does activated biochar have higher efficiency in removing dyes from waste water than 

non-activated biochar?  

 What was the efficiency of activated biochar prepared from potato, onion and garlic peels 

to remove dyes from waste water? 

 Which adsorption isotherm, kinetics and thermodynamics fits more for adsorptive 

removal dyes from waste water onto activated biochar derived from food wastes? 

1.3. Objectives of the study 

1.3.1 General objectives 

 The general objective of this study was to prepare activated biochar and determine 

adsorptive capacities of adsorbent prepared from solid food wastes like onion, garlic, 

potato peels and Injera leftover due to its inexpensive, availability and low cost. 

1.3.2. Specific objectives 

 To optimize batch adsorption parameters for enhanced MB removal from waste water. 

 To determine kinetics of MB dye removal by activated biochar from waste water. 

 To determine thermodynamics of MB dye removal by activated biochar from waste 

water. 

 To evaluate adsorption capacity of activated biochar prepared adsorbent in removal of 

MB 

 To characterize the surface functional group of biochar and  activated biochar 

 To screen out adsorbents for removal of MB dye from aqueous solution by adsorbent 

prepared from food wastes that is activated and un activated biochar. 
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1.4. Significance of the study 

This study confirmed us food wastes which are widely available in higher learning institutions 

can be used as low-cost, and eco friendly alternative for removal of environmental pollutants like 

MB. The findings can also be used as background information for other researchers who want to 

perform similar studies.  
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2. Review of Related Literatures 

2.1. Dyes  

Dyes are colorful substances that have been utilized by humans since 3500 BC in various 

applications using natural extracts of flowers, fruits, certain insects, etc [14]. These natural dyes 

constitute a very limited range of colors and are produced in low quantities. However, after the 

discovery of synthetic colors by Perkins in 1856, a wide range of dyes are used in various fields 

to color their product such as paper, leather, rubber, textile and plastics.  

Synthetic dyes are developed and have replaced natural dyes gradually in different industries 

because their molecules are stable and can resist degradation upon contact with water, 

detergents, or any other washing agent [14].They are widely used in textiles, printing, rubber, 

cosmetics, plastics and leather industries to color their products leads to the production of a large 

quantity of colored sewage. They constitute a significant group of pollutants as several industries 

discharge a huge amount of waste water containing various dyes into natural water bodies 

(nearby rivers) [15]. 

Dyes are chemical compounds that have a complex aromatic molecular structure that attach to 

fabrics or surface shells to create color. These structures are present in stable dyes, difficult to 

treat, and have low biodegradability. The depolarization of waste water from the textile and 

manufacturing industries is a major challenge for environmental managers because dyes are 

soluble in water and produce very bright colors in water with acidic properties. The discharge of 

synthetic dye effluents into the environment affects its ecological status, causing several 

undesirable changes. Highly colored effluents can be very harmful to receive water bodies as the 

dyes have high water solubility even at low concentrations [16]. MB is a very commonly used 

synthetic dye and as a result, is often found in industrial waste water [17]. 

2.2. Classification of dyes 

Generally , the dyes used in the textile industry are : basic dyes ,acidic dyes, reactive dyes , direct 

dyes, azo dyes,  mordant dyes  and sulfur dyes, whereas azo derivatives are the major class of 

dyes that are used  in the industry today[18]. There are several ways for classification of 

commercial dyes. It can be classified based on their chemical structure into azo, anthraquinone, 
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indigoid, nitriso, nitro, and triarylmethane dyes. Sometimes they are classified by their 

application or by their solubility in water [19]. However, the classification based on application 

is advantageous before considering chemical structure in detail because of the complexities of 

dye nomenclature from this type of system [20]. Dyes are also usually classified based on their 

particle charge upon dissolution in aqueous solution medium; such as cationic (all basic dyes), 

anionic (direct, acid, and reactive dyes), and non-ionic (dispersed dyes) [21].  

2.2.1. Cationic dyes 

They are also called basic dyes due to the presence of positive ions in the molecule‟s structure. 

Basic dyes are soluble and they are highly visible in water even at very low concentration [22]. 

Basic dyes consists of monoazoic, diazoic, and azine compounds [23].They are used to color 

wool, silk, nylon, mod-acrylic and polyester materials [24].Cationic functionality is found in 

various types of dyes such as cationic azo dyes, methane dyes, anthraquinone, di-& tri- 

arylcarbenium phthalocyanine dyes, polycarbocyclic and solvent dyes [25]. 

2.2.2. Anionic dyes 

Anionic dyes are dyes that have negative ions due to the presence of excess OH
-
ion in aqueous 

solutions. Anionic dyes are water soluble and they include acid dyes, azo dyes, direct dyes, and 

reactive dyes [27]. Reactive dyes attach to their substrate by a chemical reaction (hydrolysis of 

the reactive groups in the water) that forms a covalent bond between the molecule of the dye and 

that of the fiber. Their removal is the most challenging task as they produce very bright colors in 

water and show acidic properties [28]. 

2.2.3. Reactive dyes  

Reactive dyes are dyes that contain reactive groups such as vinyl sulphone, chlorotriazine, 

trichloropyrimidine and difluorochloropyridine that covalently bonded with the fiber during the 

dyeing process [29]. 

2.2.4. Azo dyes 

Azo dyes have a largest variety of dyes and under anaerobic conditions, the dyes linkage can be 

reduced to form aromatic amines which are colorless but can be toxic and carcinogenic.  It was 
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estimated that 130-3200 azo dyes in use can form carcinogenic aromatic amine during 

degradation process [30]. Moreover azo dyes represent the largest class of reactive dyes used in 

the textile industry followed by anthraquinone and phthalocyanine classes [31]. 

2.3 Methylene blue 

MB dye is a cationic dye with heterocyclic aromatic compound, consisting of dark green 

crystals, which has a molecular weight of 319.85g/mol, with the molecular formula 

ofC16H18N3SCl.MB has a net positive charge and its the structure is shown in Figure 1, which is 

commonly used for dyeing of cotton, nylon, and silk. About 40% of the synthetic dyes like MB 

are toxic, mutagenic and carcinogenic compounds that remained in industrial effluent and can 

cause severe public and environmental health problems [32-33]. The accidental contact of MB 

with eyes can cause serious problem, being potentially responsible of permanent injury to 

humans and animals. In addition, its inhalation may cause breathing difficulties and its ingestion 

produces burning sensation and nausea. Due to this researcher give the attention to the removal 

MB from waste water using activated carbon and biochar. Hence the treatment of polluted 

streams containing this dye is mandatory task to significantly limit these negative effects or 

impacts [34]. 

 

Figure1: Structure of MB. 

2.4 .The potential of biochar for the removal of dyes from wastewater 

Several advanced tertiary treatment techniques have previously been investigated. For the 

removal of micro pollutants in water resource recovery facility (WRRF).Treatment processes 

such as membrane filtration, reverse osmosis (RO), ultra violet treatment, and advanced 

oxidation methods have proven to be effective techniques for the removal of organic micro 

pollutants, but are often associated with high infrastructure and operational costs [35-37]. 

Carbon based adsorbents such as activated carbon is commonly used in water treatment 

applications, and previous research has demonstrated the ability of a variety of carbonaceous 
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sorbent materials for dye removal from aqueous solutions [38-39]. Activated carbon is 

commonly produced from bituminous coal or coconut shells, and commercially available 

activated carbon can cost up to $1,500/ton [40]. Replacing traditional adsorbents such as 

activated carbon with biochar could greatly reduce treatment costs (e.g. $246/ton non-activated 

biochar) [41-42]. 

Biochar is a porous, carbon rich product that is produced via pyrolysis (thermochemical 

decomposition in the absence of oxygen) or the incomplete combustion of biomass, and has a 

high surface area to volume ratio [43]. Biochar has been growing in popularity in the last few 

decades as a potential soil amendment for agricultural gains and carbon sequestration, but also 

has demonstrated great potential as an adsorbent to remove pollutants from aqueous solutions 

[44]. Biochar can be produced from a variety of materials, including agricultural residue, animal 

litters, wood biomass, and sewage sludge or biomass [45-46]. 

Biochar production from sewage sludge biomass could provide a sustainable reduction in wastes 

produced from wastewater treatment processes such as activated sludge and also serve as an 

adsorbent to remove contaminants from water [47-48]. Recent research has demonstrated that 

thermochemical processes such as pyrolysis can potentially provide a biosolids handling process 

that offers simultaneous energy recovery and production of useful products such as biomass-

derived Biochar [49,50]. 

Pyrolysis of carbonaceous materials such as biosolids produces a solid phase charcoal-like 

product known as biochar, a liquid phase called py-oil, and a gas phase known as py-gas[51-52]. 

All three pyrolysis products are useful products, and could potentially help reduce biosolids 

disposal costs at WRRF [53]. Additionally, the pyrolysis process itself removes micro pollutants 

from biosolids [54-55]. Therefore, biochar that is used as an adsorbent for micro pollutants could 

theoretically be re-pyrolyzed to remove the micro pollutants from the biochar product. 

2.5. Biochar as an adsorbent for Removal of dyes 

Biochar has recently emerged as a potential replacement to activated carbon due to its low cost, 

relative abundance, and comparative sorptive abilities [57-58]. Chemical modification or 

activation of biochar using acids, bases, and polymers can be beneficial for altering the surface 
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chemistry and creating high-affinity sorption sites on the biochar surface for sorbing organic 

contaminants [59]. 

Biochar from various feedstock including wood debris, manure, and other agricultural wastes 

have demonstrated the ability to absorb pollutants including VOCs, PAHs, EDCs, and 

pesticides[60-61].For example, loblolly pine biochar adsorbents have successfully been used to 

remove pharmaceutical compounds from aqueous solutions including diclofenac, 

sulfamethoxazole, ibuprofen, and carbamazepine [62]. Similar to biochar from other feed stocks, 

biosolids-derived biochar has successfully been used to remove organic pollutants from 

wastewater and other aqueous solutions [63]. Recent research has demonstrated the ability of 

biosolids-derived biochar for TCS adsorption in batch equilibrium experiments, with observed 

adsorption capacities up to 872 µg/g[64]. 

A similar study conducted with biosolids-derived biochar reported adsorption capacities up to 

19.8 mg/g for fluoroquinolone antibiotics such as Gatifloxacin in batch-scale experiments [65]. 

The Investigated efficiency of various biosolids-derived sorbents for the removal of COD and 

chromaticity color from wastewater streams through batch-scale adsorption tests and rapid small-

scale column experiments. The results of the study demonstrated COD adsorption capacities up 

to 47.8 mg/g, and overall COD and chromaticity color removal rates of 79.1 and 87.5%, 

respectively [66]. 

Sorption of organic contaminants to biosolids-derived biochar has been attributed to various 

factors including its relatively high surface area, hydrophobicity, and interactions with oxygen-

containing functional groups such as hydroxyl and carboxyl groups on the biochar surface [67]. 

Other studies have suggested that adsorption of organic compounds such as 4-chlorophenol to 

biosolids-derived biochar sorbents was influenced by dispersive interactions between the π-

electrons of the solute aromatic ring and the adsorbent surface [68]. Hydrogen bonding, 

hydrophobic interactions, and π-stacking may also contribute to the Sorption of organic 

Micropollutants such as triclosan from aqueous solutions [69]. 

Generally, recent research has established biosolids-derived biochar as a potential sorbent 

capable of the removal of organic pollutants from wastewater streams and aqueous solutions. 
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However, beyond batch sorption testing, there is limited information regarding the application of 

biosolids-derived biochar in adsorption/filtration systems for removing organic contaminants 

from drinking, potable reuse, or municipal waste waters. Additionally, previous studies have 

reported that Freundlich parameters based on column tests were different from those based on 

isotherm tests conducted via batch-scale experiments, and that adsorption parameters obtained 

from column tests could provide more realistic information for real world applications [70]. 

The use of biosolids-derived biochar as a micro pollutant sorbent advances sustainability 

initiatives by both encouraging biosolids reuse and enhancing micro pollutants removal through 

wastewater treatment. Additional research in this area is necessary in order to gain a better 

understanding of the impact of various water qualities on the pollutant removal performance of 

biosolids-derived biochar [71]. 

2.6. Factors affecting adsorption 

Many factors affecting the adsorption process are: contact time, pH of solution, initial 

concentration, nature of adsorbate, shaking speed and temperature. 

2.6.1. Contact time 

Independent of the other parameters, contact time plays a vital role in the adsorption process. 

The adsorption of adsorbate increases with increasing contact time until equilibrium is reached. 

Only very slight improvement occurs after equilibrium is reached. This occurs because the active 

site of the adsorbent are vacant during the initial stage and adsorption can take place rapidly, but 

the number of remaining active sites of the adsorbent are decreased after equilibrium and these 

site are occupied with difficulty due to the repulsive forces between the solute molecules on the 

solid and bulk phase [72]. 

2.6.2. pH of the solution 

pH is the measure of acidity or basicity of an aqueous solution. pH of the solution influences 

adsorption process by affecting both aqueous chemistry and surface binding site of the adsorbent. 

At low pH values, surface of the adsorbent becomes positively charged because of protonation of 

the functional groups on the adsorbent surface [73]. So adsorption of cationic adsorbate 
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decreases because of electrostatic repulsion between adsorbate and protonated adsorbent. As the 

pH of the dye in the solution increases, deprotonation of positively charged groups on the 

adsorbent occur. Electrostatic attraction between negatively charged sites on the adsorbent and 

adsorbate cat ions cause in adsorption. As a result, the cationic species adsorption increases and 

anionic species show a decrease [74]. 

2.6.3. Initial concentration 

A given mass of sorbent material can only adsorb a fixed amount of dye; hence the initial dye 

concentration of an effluent is one of the important factors to be studied. The effect of dye initial 

concentration can be conducted by shaken adsorbent-adsorbate solution until equilibrium, using 

fixed adsorbent dosage with different initial dye concentration for different intervals. The effect 

of an increment in dye initial concentration will increase the adsorbent loading capacity [75]. 

2.6.4. Nature of adsorbate 

The important factors affecting adsorption process is nature of adsorbate, which affects their 

physical properties, as adsorption increases by increasing molecular weight of the adsorbate 

material. They are also affected by chemical properties in the existence of active groups in the 

composition of the adsorbate material, and the capacity of adsorption increases by increasing 

concentration of adsorbate material [76]. 

2.6.5. Temperature 

The effect of temperature varies according to the type of adsorption and the nature of the 

adsorbent and adsorbate. The adsorption of heat is increased by the exothermal process; in the 

endothermal process the contrary is achieved. The adsorption increases with higher temperatures, 

where the kinetic energy of the adsorbed molecules increases and thus increases its ability to 

enter the solid phase pores and their rapid spread and this may be within a specific range of 

temperatures. 
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3. Methods and Materials  

3.1. Chemicals 

Powder of MB (Nice, India), HCl (37%, Riedel-deHaen, Germany), NaOH (90%, BDH, 

England), NaCl (Fine Chemical Limited) and distilled water were used for different purposes 

during laboratory work. Working standard solutions of lower concentration were prepared by 

dilution method from 1000mg/L standard solution. 

3.2. Apparatus and Instruments 

A double beam Uv-Vis spectrophotometer (SPECORD 200/plus analytikjena, Germany) pH 

meter (Bante instrument, pH 202p, USA), Thermostat water bath (model grant GLS400, 

England), Digital balance, Oven (model GEN LAB WLD NES, England) and Muffle furnace 

were used during experimental work.  

3.3. Collections of adsorbents 

For this study, solid food wastes like  onion, potato, garlic peels  and Injera leftover were 

collected from Jimma University, main campus, student‟s meal hall (cafeteria) during the month 

of October to January 2023 and were used as sample for preparation of activated biochar.  

3.4. Preparation of different adsorbents for screening 

Before the selection of the utilized adsorbents, a number of locally available food wastes namely, 

about 500 g of onion, garlic, potato peels and injera leftover were separately collected from 

Jimma University main campus undergraduate students „Cafeteria (Café)‟. Then each sample 

was washed with tap water followed by distilled water, and then, dried at room temperature. The 

dried samples were crushed with pestle and mortar, sieved with 11.81 inch mesh size and stored 

in dry container for further study.  
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3.5. Adsorbent preparation 

To use as adsorbent, each powdered food waste samples was washed several times with distilled 

water and then dried at room temperature to remove moisture. The dried samples were taken into 

thermostat materials and subjected to pyrolysis using muffle furnace following the conditions 

described in literature [77] to obtain the biochar. 

3.6. Chemical Activation of carbonized sample 

The obtained adsorbents (biochars prepared from food wastes) were further treated with KOH 

and HCl to replace the metal ions contained in the part of porous biochar to yield a powdered 

activated biochar. The modified adsorbents were then separated from the chemical solution 

through filtration and washed with distilled water until the washout water pH became neutral. 

The activated biochar was dried and grounded to required size. The powders were sieved to 

obtain required particle size and stored separately in plastic bottles for further use as an 

adsorbent. A geometric mean particle size of 0.125 mm and lower were taken for experiments.  

During the activation process, 10 g of biochars were taken and added to 50 mL of distilled water 

contained in a beaker. Then, after adding 10 mL of concentrated HCl, the content was stirred 

using a magnetic stirrer at 353 K, 700 rpm for 1h. The activation was accompanied by washing 

with 50 mL of 0.1M NaOH followed by washing with distilled water. The obtained 

homogeneous mixture filtered out and put in an oven to dry at 373K. After drying, the samples 

were stored in an air tight plastic bag. Finally, the activated biochar powders were weighed on an 

analytical balance to obtain different amounts of each adsorbent to carry out adsorption study 

using batch techniques [77]. 

3.7. Preparation of MB solution 

A stock solution of 1000 mg/L was prepared in distilled water. The working solution was 

prepared by diluting stock solution of MB with distilled water to the desired concentration of 

working condition. The pH value of each solution was adjusted to 7 using 0.1M HCl and 0.1M 

NaOH. 
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 3.8. Preliminary study 

3.8.1. Identification potential solid food waste as adsorbent 

Batch adsorption of the MB was conducted using the activated biochar of food waste to screen 

the potential adsorbents. The experiment was carried out for fixed mass of the adsorbent, i.e., 

100 mg of each adsorbent (biochar) prepared from potato peel, onion peel, garlic peel and Injera 

leftover was added to a 40 mL of 5 mg/L MB solution. All experiments were performed at 

similar condition and kept on the shaker for 24 h to reach equilibrium at 298±1K and the 

concentrations of MB were analyzed by a double beam UV-Vis spectrophotometer.   

3.9. Batch Adsorption equilibrium studies 

The batch adsorption equilibrium studies were performed in a set of vials (50 mL), where 40 mL 

of adsorbate solution was put in contact with the adsorbents (0.5g) in an orbital shaker at a 

constant temperature of 298±1 K. The aqueous solutions were prepared with MB with different 

concentrations in distilled water ranging between 10 and 50 mg/L.  

Equilibrium studies were performed to investigate the sorption capacities of the adsorbents and 

to carry out the isothermal adsorption curves. After 24 h equilibration time, the suspensions were 

filtered and the concentrations of the dye were measured using double beam UV-visible 

spectrophotometer with a quartz cuvette. The concentration of MB dye in the aqueous solutions 

was measured at λmax = 665nm. The sorption capacity at the equilibrium, qe (mg/g), was 

calculated using Equation 1: 

   
       

 
                                              (1) 

Where Co and Ce (mg/l) are the initial and equilibrium concentration of the dye in the solution, 

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

Batch kinetic experiments were conducted in the same set-up used for the equilibrium tests; the 

adsorption capacity as a function of time, qt (mg/g) was calculated using Equation 2:  

   
         

 
                                        (2) 

Where, Ct (mg/l) is the dye concentration at time (t). 
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3.9.1. Study of effect of adsorbent dose 

To study the effect of adsorbent dose, each food waste (onion, garlic and potato) biochar was 

separately studied. Accordingly, the effect of adsorbent dose was studied by adding 0.1 - 0.5 g, 

40 mL of 10 mg/L MB solution. The content was shaken for 24 h at 298±1 K. Then, the content 

was centrifuged for 3 min at 3000 rpm to precipitate small chalked and dispersed solids during 

long time shaking. The obtained solution was filtered before determination the concentration of 

MB using double beam UV-Vis spectrophotometer.  

3.9.2. Study of effect of pH of adsorbate 

The pH of the solution is a crucial factor, which can influence the adsorption process. The effect 

of pH was studied from 4 -10, by adjusting with 0.1 M NaOH or 0.1M HCl using optimum 

adsorbent dose: 0.1 , 0.4  and 0.5 g for garlic peel,  onion peel and potato, respectively. After 24 

h shaking, 15 mL of each sample was withdrawn into centrifuge tube and centrifuged at 3000 

rpm for 3 min then supernatant solution was prepared for double beam UV-Vis 

spectrophotometer analysis after filtration. 

3.9.3. Effect of contact time 

The effect of contact time is used to determine equilibrium time for the study of adsorption 

kinetics. Solution containing 40 mL of 10 mg/L MB was withdrawn into 50 mL vial containing 

the optimum adsorbent dose. Samples solutions were withdrawn at predetermined time intervals 

(i.e., 10,20,30,60,180, and 300 min) for color removal analysis. 15 mL of each sample was 

withdrawn into centrifuge tube and centrifuged at 3000 rpm for 3 min and then, the supernatant 

solution was filtered for the subsequent analysis.  

3.9.4 Studies on point zero charge (pHpzc) 

The pH at which the surface charge is electrically neutral is known as the point of zero charge 

(pHpzc). For pHpzc determination, 0.01 M NaCl solutions were prepared in different containers 

and their pH were adjusted to different values from 4-10 by adding 0.1M NaOH or 0.1M HCl. 

Then, the optimum dose of each adsorbent was added to all containers. The containers were 

shaken for 24 h and final pH of the solutions measured using pH meter. Graph was then plotted 

for absorbents prepared each as ∆pH versus initial pH . 
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3.9.5. Effect of temperature of shaker 

The effect of temperature is used to determine equilibrium temperature for the study of 

thermodynamics. 40 mL of 10 mg/L MB solution, adjusted as optimum pH was withdrawn into 

four 50 mL vial containing the optimum adsorbent dose. Each vial was shaken at temperature of 

313K, 323K, 333K and 343K for 24 h. Then, 15 mL of each sample was withdrawn separately to 

centrifuge tube and centrifuged at 3000 rpm for 3 min. afterwards; the supernatant was filtered 

and analyzed for its MB content. 

3.9.6. Effect of initial concentration of adsorbate 

Different concentrations of MB (10 - 50mg/L) were used to study the effect of initial 

concentration on the removal efficiency and adsorption capacity of the adsorbent at constant 

adsorbent dose, pH, time and temperature.  

3.10. Isotherm adsorption and kinetic models 

Adsorption isotherm are fundamental to understand the adsorption mechanism and thus, to 

design the adsorption system. In this study two adsorption isotherm models were taken into 

consideration, Langmuir (Equation 3) and Freundlich (Equation 4) 

   
      

        
                                                               (3) 

Log qe=LogKf+1/n Log Ce                                        (4) 

Where Qm (mg/g) is the maximum adsorption capacity, KL (L/mg) the Langmuir constant ,Kf 

and n (L/mg) the Freundlich constants. 

Kinetic models are essential to determine the rate of adsorption process and to give important 

information on the reaction mechanism. Two kinetic models, the pseudo-first order (Equation 5) 

and the pseudo-second order (Equation 6) were applied to the experimental data. 

Ln(qe-qt)=lnqe-k1t                                                         (5) 

 

  
=

 

     
+

 

  
                                                                  (6) 

Where k1 (1/min) and k2 (g/mg.min) are the rate constant of pseudo-first and pseudo-second 

order adsorption kinetic model respectively. 
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4. Results and Discussion 

4.1 Adsorbent selection 

To select appropriate adsorbent from different food wastes: potato peel, garlic peel, onion peel 

and Injera leftover, for removal of MB dye from water, 100 mg base activated, acid activated and 

un activated of each food waste candidate were investigated for removal of 5 mg/L MB (initial 

concentration) at pH 7 and temperature of 298±1 K. Removal efficiency of each adsorbent was 

calculated using the equation: 

R%=
(        )      

  
 

Where R% removal efficiency, Co is initial concentration of MB, Ceq is equilibrium 

concentration of MB. Table 1 shows adsorption efficiency of base activated, un activated and 

acid activated. All measurements are the average of triplicate measurements. 

Table 1. Un activated, base (KOH) and acid (HCl) activated biochars. 

 

 Adsorbent Co mg/L Ceq of MB, mg/L %R 

Un activated 

Onion  peel 5 0.96 80.85 

Garlic peel 5 1.22 75.85 

Potato peel 5 2.70 46.07 

Injera 5 2.86 42.82 

Base (KOH) 

activated 

Onion  peel 5 0.25 95.03 

Garlic peel 5 0.29 94.23 

Potato peel 5 0.23 94.20 

Injera 5 0.86 82.89 

Acid (HCl) 

activated 

Onion  peel 5 0.17 96.52 

Garlic peel 5 0.20 95.93 

Potato peel 5 0.50 90.01 

Injera 5 2.34 53.14 

    Co: initial concentration; Ceq:  Equilibrium concentration of MB; %R: Removal efficiency 
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The findings demonstrated that both base and acid activated biochar of onion, garlic and potato 

peels have shown promising or high removal efficiencies, or above 90% removal efficiencies.  

However, biochar prepared from Injera leftover showed the lowest removal efficiency and thus, 

it was not further studied. From the un activated biochars, onion and garlic peels biochars 

showed good removal efficiency (> 75%), whereas, injera and potato peels biochars exhibited 

low removal efficiency, i.e., 50%. Removal efficiency of base activated Injera is 82% which is 

higher when compared to acid activated and un activated one. 

4.2. Effect of adsorbent dosage 

The removal of MB dye was studied by using different masses of each acid activated biochar 

(0.1 g, 0.2 g, 0.3 g, 0.4 g and 0.5 g) and optimum adsorbents dosages were determined. Each 

experiment was conducted in 50 mL vials containing 40 mL of 10 mg/L initial dye concentration 

of solution, room temperature, pH=7, 200 rpm speed of shaker and kept for 24 h. After 24 h 

solutions of each adsorbent was centrifuged for 6 minutes at 7000 rpm. The result of this finding 

showed Optimum dosages of onion, garlic and potato were determined to be 0.4 g (99.534%), 

0.1 g (96.588%) and 0.5 g (97.072%), respectively as shown in the Figure 2. 

 

Figure2: Effect of adsorbents dosages on the removal of MB. 

4.3. Effect of pH on adsorption of MB by different adsorbents 

The pH of the solution influences adsorption process by affecting both aqueous chemistry and 

surface binding site of the adsorbent. At low pH values, surface of the adsorbent becomes 

positively charged because of protonation of the functional groups on the adsorbent surface [78].  
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In this study, effect of initial  pH  of  solution  was  investigated  at  various  pH values which are 

4,7 and 10 keeping other parameters constant. The result of this finding indicated that optimum 

pH values potato; garlic and onion peels activated biochars were determined to be 10, 7 and 4 

respectively as shown Figure 3. This difference in pH may be due to different functional groups 

present in the biomass. 

 

Figure3: Effect of pH on adsorption of MB by different adsorbents. 

4.4. pH Point of Zero Charges 

The pH at which the surface charge is electrically neutral is known as the point of zero charge 

(pHpzc). The pHpzc, the surface charge of the biochar is positively charged, which would only 

promote adsorption of cationic dyes while inhibit the uptake of anionic ones; whereas at  

pH above pHpzc, the surface becomes negatively charged and promotes adsorption of anionic 

dye[79].   The pHpzc is the point where the curve pH final verses pH initial intersects the straight 

line corresponding to: pH initial=∆pH. The results indicated the point of zero charge values 

corresponding to potato peel garlic peel and onion peel activated biochar were determined to be 

8.6, 7.4 and 8.6 respectively as shown in the Figure 4. 
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Figure 4: Point of zero charges for onion, potato and garlic peels activated biochars 

4.5. Effect of temperature on adsorption of MB by adsorbents 

The effect of temperature varies according to the type of adsorption and the nature of the 

adsorbent and adsorbate. The adsorption of heat is increased by the exothermal process; in the 

endothermal process the contrary is achieved [80]. 

 

The effects of temperature on MB adsorption efficiency by potato, garlic and onion peels were 

studied. Four different temperatures of 313, 323, 333 and 343 K were considered. From the 

result of experiment, the obtained removal efficiency of MB by potato peel activated decreases 

from 99.213% to 97.772%, when the temperature changes from 313 K to 343 K and that of garlic 

peel activated biochar decreases from 99.333% to 87.351%. These results indicated that the dye 
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adsorption process may be exothermic and can be described out by the fact that the rise in 

temperature may not be in favor of any agglomeration of MB on the solid surface.  

Removal efficiency of onion peel activated biochar increases from 99.301% to 99.994% . This 

result indicated that the dye adsorption process may be endothermic and can be described out by 

the fact that the rise in temperature may be in favor of any agglomeration of MB on the solid 

surface [81].  

4.6. Effect of initial concentration of MB on adsorption capacity of adsorbents 

The effect of initial MB dye concentrations on the adsorption performances adopted by potato, 

garlic and onion peels activated biochar under optimum experimental conditions (0.5 g, 0.1 g and 

0.4 g and other optimum conditions respectively). The studies were carried out at several initial 

concentrations ranging from 10 to 50 mg/L. It can be seen that the adsorption amount of MB by 

potato peel activated biochar increases with the increase of initial MB concentration from 0.7815 

to 3.9523 mg/g, for garlic from 3.9949 to14.7599 mg/g and for onion from 0.9768 to 4.8441 

mg/g as shown in Figure 7. This significant increase of the adsorption efficiency values were 

expected  because  high  initial  MB concentrations correlate with a higher driving force of 

concentration  gradient  and  a higher  probability of collisions between MB cationic molecules 

and superficial functional groups of negatively  charged  of the adsorbent[82]. 

 

Figure7: Effect of initial concentrations of MB on adsorption of potato, garlic and onion peels 

activated biochar. 
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      4.7. Effect of Contact Time 

Contact time plays a vital role in the adsorption process. 

The adsorption of adsorbate increases with increasing contact time until equilibrium is reached.  

Only very slight improvement occurs after equilibrium is reached. This occurs because the active 

site of the adsorbent are vacant during the initial stage and adsorption can take place rapidly, but 

the number of remaining  active sites of the adsorbent are decreased after equilibrium and these 

site are occupied with difficulty due to the repulsive forces between the solute molecules on the 

solid and bulk phase [83]. 

 

The influence of contact time on MB adsorption by potato peel, garlic peel, and onion peel 

activated biochars were studied  at  optimum temperature , optimum adsorbent mass , optimum 

pH  of solution and initial  MB  concentration of 10 mg/L, is  illustrated  in the Figure8. The 

experimental data indicated that the adsorption efficiency of the studied dye onto adsorbents 

increases with the increase of contact time (ranging from 0.2 h to 5 h), and reaches the maximum 

values for potato peel activated biochar 97.766% after 3 h, for garlic peel activated 

biochar,99.833% after 0.5 h and for onion peel activated 99.931% after 0.3 h as shown in Figure 

8 below. 

 

Figure8: Effect of contact time of MB on adsorption of different adsorbents. 
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4.8. Adsorption Isotherm 

The isotherms models are applied for analyzing adsorption equilibrium results through 

experiments and studying the surface properties of the adsorbent and its affinity for an adsorbate. 

Figure 9 (a – c) and Figure 10 (a – c) show the Langmuir and Freundlich adsorption isotherm 

model, respectively. The values of the correlation coefficients indicate the favorable nature of 

adsorption of MB dye on all adsorbents.  
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Figure 9: Langmuir adsorption isotherm of a) Solanum tuberosum (Potato), b) Sativum (garlic) 

and c) onto Allium cepa (onion) peels activated biochars. 
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Figure 10: Freundlich adsorption isotherm of a) Solanum tuberosum (Potato), b) Sativum 

(garlic) and c) onto Allium cepa (onion) peels activated biochars. 

 

Table 2 display the experimental results obtained for Freundlich and Langmuir adsorption 

isotherms of the adsorbent.  



26 
 

Table2.Freundlich and Langmuir adsorption isotherm model Parameters for adsorbents. 

 

Isotherm model                      Parameters                                   Adsorbents 

 

Freundlich  

KF(mg/g)                                 0.76593 Potato peel activated 

biochar N                                              -70 

R
2                                                            

0.99413 

KF(mg/g)                                  3.5482 

N                                              -22 

Garlic peel activated 

biochar 

R
2                                                          

0.97995 

KF(mg/g)                                 0.9909 

N                                             -758 

R
2                                                           

0.89994 

Onion peel activated 

biochar 

 

Langmuir 

Qm exp(mg/g)                       0.7947 

Qm cal(mg/g)                       0.7759 

Potato peel activated 

biochar 

KL(L/mg)                              520 

RL                                        0.0002 

R
2                                                           

1 

Qm exp(mg/g)                    3.9698 

Qm cal(mg/g)                     3.4622 

KL(L/mg)                            84 

RL                                       0.0012 

Garlic peel activated 

biochar 

R
2                                                   

0.99997 

Qm exp(mg/g)                    0.9999 

Qm cal(mg/g)                      0.9928 

KL(L/mg)                            46408 

RL                                       0.000002 

R
2                                                          

1 

Onion peel activated 

biochar 

KF: Freundlich constant; N: Freundlich exponent; Qm: Adsorption capacity; KL: Langmuir constant 
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The isotherm model that better describes the MB adsorption process was identified by comparing 

the obtained correlation coefficients (R
2
). According to results represented in Table 2, the bio 

sorption obeys Langmuir model since correlation coefficients (R
2
) of adsorbents are very close to 

unity which assumes monolayer coverage of MB dye over the homogeneous surface of the 

adsorbents and the adsorption of each molecule onto the surface has the same adsorption 

activation energy. The value of RL indicates the shape of the isotherm to be either unfavorable 

(RL > 1), linear (RL = 1), favorable (0 < RL < 1), or irreversible (RL = 0). In this study RL was 

between 0 and 1 which is favorable adsorption.  

4.9. Adsorption Kinetics Modeling 

The experimental data of MB adsorption on potato peel, garlic peel and onion peel activated 

biochar were investigated using Lagergren pseudo first order and pseudo second-order models. 

Lagergren pseudo-first-order 

The experimental measurements were analyzed using linear form of Lagergren pseudo-first 

order:  which is log(Q𝑒− Q𝑡) = log(Q𝑒) –(𝐾1/2.303)𝑡. 

 

Qe is the equilibrium amount of adsorption (mg/g), Qt is the amount of adsorption of adsorbents 

at time t (mg/g) and K1 is the rate constant (min
-1

).The pseudo-first-order model corresponding 

to the adsorption of MB on potato, garlic and onion peels activated biochar are shown in 

Figure11-12, respectively. 
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Figure 11:Pseudo first order model for a) Solanum tuberosum (Potato), b) Sativum (garlic) and 

c) onto Allium cepa (onion) peels activated biochars. 

Lagergren Pseudo-second order 

The pseudo-second-order kinetic model is expressed in the linear form as the: 

𝑡/Q𝑡=𝑡/Q𝑒+1/𝐾2.(Q𝑒)2 where, K2  is the rate constant (g.mg
-1

min
-1

).The pseudo-second-order 

model is shown in Figure 14-15. 



29 
 

 

Figure 12: Pseudo second order model for a) Solanum tuberosum (Potato), b) Sativum (garlic) 

and c) onto Allium cepa (onion) peels activated biochars. 

Details of parameters of adsorption kinetic pseudo first and second order modeling are presented 

in Table 3  

 

 

 



30 
 

Table3. Parameters of adsorption kinetic modeling. 
 

Kinetic modeling                          Parameters                                              Adsorbents 

Pseudo first order K1(min
-1

)              0.03722 

R
2                                  

0.7997 

Potato 

Pseudo second order K2(g/mg.min)        0.78178 

R
2                                   

0.99995 

Pseudo first order K1(min
-1

)               0.02213 

R
2                                  

0.88744 

Garlic 

Pseudo second order K2(g/mg.min)         3.3941 

R
2                                   

0.99599 

Pseudo first order K1(min
-1

)               0.22609 

R
2                                   

0.84852 

Onion 

Pseudo second order K2(g/mg.min)         0.99999 

R
2                                    

0.99999 

K1: rate constant for pseudo first order; K2: rate constant for pseudo second order; R
2
: correlation 

coefficient. 

As shown in Table3, the determination coefficient R
2
 values corresponding to pseudo-second-

order model of adsorption process for different activated biochar are equal to unity. Results of 

the kinetic studies suggested that the adsorption process can be explained by using pseudo 

second order kinetics, suggesting chemisorptions as the main adsorption mechanism. The 

adsorption kinetics modeling best fit pseudo second order. 

4.10. Adsorption Thermodynamic Studies 

Thermodynamic study is important for an adsorption process to describe the process type, 

spontaneity and etc. All corresponding parameters as free energy (ΔG
0
), enthalpy (ΔH

0
), and 

entropy (ΔS
0
) changes can be estimated using equilibrium constants changing as a function of 

temperature.ΔG
0
is the standard free energy change (J) is calculated by:  ΔG

0
= -RT ln(KD). 

KD=Qe/Ce where, R is the universal gas constant (8.314 J/mol K) and T is the room temperature 

(298 K) and KD is the thermodynamic equilibrium constant (L/g),Qe  (mg/g)  is  the  amount  of  
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MB  dye adsorbed at equilibrium, Ce  (mg/L) is the concentration of MB at the system 

equilibrium. Van't Hoff curves of the three adsorbents for the adsorption of MB are presented in 

Figure 13.  

Figure 13: Van't Hoff curves corresponding to the adsorption of MB by a) Solanum tuberosum 

(Potato), b) Allium Sativum (garlic) and c)  Allium cepa (onion) peels activated biochars. 

The values of ΔH
0 

and ΔS
0
 were determined from the slope and the intercept of ln (KD) versus 

1/T as shown in the Table 4. Ln (KD) = - ΔH
0/RT+ΔS

0
/R.  ΔG

0
, ΔH

0
, and ΔS

0
are related by: 

ΔG
0
= ΔH

0
- TΔS

0 
[83]. 
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Table 4. Thermodynamic parameters for the adsorption processes. 
 

Adsorbent Temperature(K)  ΔG°(KJ/mol)ΔH°(KJ/mol)ΔS°(KJ/mol) 

Potato peel 

activated 

biochar 

313                          -6.017 

323                           -5.0577 

333                            -7.9555 

343                            -3.5812 

 

-65.897      -0.1956 

 

 

Garlic peel 

activated 

biochar 

313                            -10.2459 

323                            -10.6404 

333                             -9.0881 

343                             -2.8976 

 

117.8967     0.3686 

 

 

Onion peel 

activated 

biochar 

313                              -6.9057 

323                              -10.1592 

333                              -20.5386 

343                              -18.9501 

 

129.7732       0.4384 

 

 

ΔG°: standard Gibbs free energy change; ΔH°: standard enthalpy change; 

ΔS°: standard entropy change. 

4.11. Adsorbents Characterization 

The FT-IR and XRD spectra of the results of the samples were listed for each adsorbent XRD 

analysis was carried to characterize the crystallinity of prepared biochars for all 

samples.Figure14 displays the XRD pattern of garlic peel activated biochar before and after 

adsorption and they exhibits diffraction pattern at 2θ=25
0
 for both garlic peel activated biochars 

before and after adsorption, onion peel activated biochar before and after adsorption and exhibits 

diffraction pattern at 2θ= 27
0
 and 30

0 
respectively and potato peel activated biochar before and 

after adsorption and they exhibits diffraction pattern at 2θ= 25
0
 for both potato  peel activated 

biochars before and after adsorption. 
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Figure 14: XRD spectra of different adsorbents. 

 

FT-IR spectra were obtained to evaluate qualitatively the chemical structures of potato peel and 

garlic peel before and after adsorption and are shown in the Figure 15. The spectrum displayed 

the following bands which indicated various functional groups. 

 

The band near 1571 cm
-1

 shows C=O group and the band around 1150 cm
-1

indicates C=C, C-H 

deformation of alkenes. The band around 1404 cm
-1

may be due to –CH2 bending and C-O 

stretching for garlic peel activated biochars before and after adsorption. This compound is an 

evidence for the Lignocelluloses structure of activated biochar. The band around 1184 cm
-1

 

shows C-N stretching and the existence of secondary amine for garlic peel activated biochars 

before and after adsorption. The band near 754 cm
-1

 indicates C-N and C-H stretching which 

indicates heterocyclic compounds. The band around 1558 cm
-1

 potato peel activated biochar after 

adsorption shows C=O group, and around 1104 cm
-1

 there is C=C and C-H deformation mode of 

alkenes. The bands near 1995 cm
-1

 -2096 cm
-1

 was indicated amino acid hydrochlorides. The 
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band around 1572 cm
-1

 shows C=O group. The band around 1158 cm
-1

 indicate C=C, C-H 

deformation of alkenes [83]. 

 

Figure15: FT-IR spectrum of Garlic and potato peels biochars before and after adsorption. 
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5. Conclusion 

In this study several solid food wastes were screened for the MB removal from the waste water 

which is in line with the concept of waste re use. The obtained results show that the MB dye was 

adsorbed between pH 4 and 10.Adsorption capacities of adsorbents (potato, garlic and onion 

peels activated biochars) were 3.95, 14.76, and 4.84 mg/g. The maximum removal efficiencies of 

potato, garlic and onion peel activated biochar were observed to be 99.22%, 99.33% and 99.99% 

respectively. The kinetic measurements showed that the mechanism follows the Pseudo-second-

order model. The adsorption process was described by the studied kinetic isotherms models 

(Langmuir and Freundlich).The ΔS
◦
, ΔH

◦ 
and ΔG

◦
 values obtained through the thermodynamic 

study indicate the exothermic, the stable and spontaneous nature of the adsorption process on the 

surface of potato, garlic and onion peel activated biochars. The study revealed that these new 

adsorbents are inexpensive, easily available material and can have an application for the removal 

of MB dye contained in industrial effluents. 

 

 

 

 

 

 

 

 

 

  



36 
 

6. Reference 

 

1. Scarsella M., Bracciale M.P., de Caprariis B., DE Filippis P., Petrullo A., Pronti L., Santarelli 

M.L.,2017, Improved photo catalytic properties of titanium–based nano metric binary oxide 

systems, Chemical Engineering Transactions, 60, 133-138. 

2. de Caprariis B, De Filippis P, Petrullo A, Scarsella M., 2015, Olive oil residue gasification 

and syngas integrated clean up system, Fuel, 158, 705-710 

3. Manyà J., 2012, Pyrolysis for biochar purposes: a review to establish current knowledge gaps 

and research needs, Environmental Science Technology, 46(15), 7939-7954. 

4. Puccini M., Stefanelli E., Hiltz M., Seggiani M., Vitolo S., 2017, Activated carbon from 

hydrochar produced by hydrothermal, Chemical Engineering Transaction, 57, 169-174. 

5. Hayatu U.S., Nasri N.S., Zain H.M., Bdulrahman A.A., Rashid N.M., 2017, Methane 

adsorption on KOH microwave treated porous carbon from sustainable coconut solid waste 

material, Chemical  Engineering Transaction, 61, 1249-1254. 

6. van Osch D.J.G.P, Kollau L.J.B.M., van den Bruinhorst A., Asikainen S., Rocha M.A.A., 

Kroon M.C.,2017, Ionic liquids and deep eutectic solvents for lingo cellulosic biomass 

fractionation, Physical Chemistry Chemical Physics, 19, 2636 - 2665. 

7. De Oliveira Vigier K., Chatel G., Jérome F., 2015, Contribution of deep eutectic solvents for 

biomass processing: opportunities, challenges, and limitations, ChemCatChem, 7,1250 – 

1260.   

8. Loow Y.L., New E.K., Yang G.H., Ang L.Y., Foo L.Y.W., Woo T.W., 2017, Potential use of 

deep eutectic solvents to facilitate lingo cellulosic biomass utilization and conversion, 

Cellulose, 24, 3591-3618. 

9. Smith E.L., Abbott A.P., Ryder K.S., 2014, Deep eutectic solvents (DESs) and their 

applications, Chemical Review, 114, 11060 -11082.  

10. Ramesh,K.S., Ramash, S.T., 2013, Removal of dyes using agricultural waste as low cost 

adsorbent: a review, Applied Water Science, 773-790.  

11. Pathania, D., Sharma,S., Singh,P. Removal of blue dye by  adsorption onto activated 

carbon developed from Ficus carica Bast. Arabian Journal of Chemistry, 2017,10,S1445-

S1451. 

https://link.springer.com/journal/13201


37 
 

12. Vunain,E.;Biswick,T., 2019, Adsorptive removal of methylene blue from aqueous solution 

on activated carbon prepared from Malawian Baobab fruit shell wastes: Equilibrium 

kinetics and thermodynamics studies. Separation Science and Technology, 54 (1),27-41.  

13. Munir,M., Nazar,M.F., Zafar,M.N., Zubair,M., Ashfaq,M., Hosseini-Bandegharaei, A., 

Khan,S.U.D.;Ahmad,A., 2020, Effective Adsorptive removal of methylene blue from 

water by Didodecyldimethyl ammonium Bromide-modified brown clay. ACS Omega, 5 

(27),16711-16721.  

14. Kimura, Katsuki, Gary Amy, Jörg E. Drewes, Thomas Heberer, Tae Uk Kim, and 

Yoshimasa Watanabe. 2003, Rejection of organic micro pollutants (disinfection by-

products, endocrine disrupting compounds, and pharmaceutically active compounds) by 

NF/RO membranes, Journal of Membrane Science 227 (1–2): 113–21.   . 

15. Chikri,R.;Elhadiri,N.;Benchana,M.;El,Y. Efficiency of sawdust as low cost adsorbent for 

dyes removal. 2020,202. 

16. Jasper, E.E.;Olatunji,V.;Jude,A.;Onwuka, C. non-linear regression analysis of the sorption 

of crystal violet and methylene blue from aqueous solutions onto an agro-waste derived 

activated carbon. Appl. Water sci. 2020,10(6),1-11.  

17. Caroline,T.;Siqueira, A.;Zanette,I.;Rubio,A.J. sugarcane bagasse as an efficient biosorbent 

for methylene blue removal: kinetics, isotherms and thermodynamics. 

18. Luo,L.;Wu,X.;Li,Z.;Zhou,Y.;Chen,T.;Fan,M.;Zhao,W. synthesis of activated carbon from 

bio waste of Fir bark for methylene blue removal.2019. 

19. Gupta, V.K.;Suhas. Application of low cost adsorbents for dye removal- A review. J. 

Environ. Manage. 2009,90(8),2313-2342.  

20. Yagub,M.T;Sen,T.K.; Afroze,S.;Ang,H.M. Dye and its removal from aqoues solution by 

adsorption: A review. Adv. Colloid interface sci. 2014,209,172-184.  

21. Salleh,M.A.M.; Mahmoud,D.K.;Karim,W.A;Idris,A. cationic and anionic dye adsorption 

by agricultural solid wastes: A comprehensive review. Desalination 2011. 280(1-3),1-13.  

22. Singla,S.;Kaushal,J.;Mahajan,P. Removal of dyes from waste water by plant waste. 228-

239. 

23. Yadav, V.;Ali,J.;Asce,A.M.;Garg,M.C. Bio sorption of methylene blue dye from textile 

industry waste water onto sugar cane bagasse: response surface modeling ,isotherms, 

kinetic and thermodynamic modeling. 2021,25 (1),1-9  



38 
 

24. Amirza, M.A.R.;Adib, M.M.R.; Hamdan,R. Application Of agricultural wastes activated 

carbon for dye removal. An overview. MATEC web conf. 2017,103,32-34. 

25. Temesgen, F.; Gabbiye,N.;Sahu,O.  biosorption of reactive red dye (RRD) on the 

activated    surface and interface 2018,12(June),151-159. 

26. Yaneva,Z.;Georgieva, N. Insight Into congo red adsorption on agro industrial materials-

spectral, equilibrium, kinetics, thermodynamic, dynamic and desorption studies. A review. 

Int. Rev. Chem. Eng. 2012,4(2),127-146. 

27. Haddadian, Z.;Shavandi, M.A.; Zainal, Z.; Halim,M.; Ismail,S. removal methyl orange 

from aqueous solution using dragon fruit (Hylocereusundatus) foliage. Chem. Sci. Trans. 

2013,2(3), 900-910. 

28. Ahmad,N.;Azli, A.F.A.; Mat, N.C.;Nawi,F.N.F.M.; Othman, M.H. Adsorption of 

methylene bluein aqueous solution by musa paradisiacal stem powder . ARPN 

J.Eng.Appl.Sci.2016,11(9),6186-6190. 

29. Dhaoudi, F.;Sellaoui, L.; Dotto, G.L.; Bonilla-Petriciolet, A.;Erto,,A.; Lamine, A.Ben. 

Adsorption of methylene blue on comminuted raw avocado seeds: interpretation of the 

effect of the salts via physical monolayer model. J. Model. Liq. 2020, 305. 

30. Kimura, Katsuki, Gary Amy, Jörg E. Drewes, Thomas Heberer, Tae Uk Kim, and 

Yoshimasa Watanabe. 2003. “Rejection of Organic Micropollutants (Disinfection by-

Products, Endocrine Disrupting Compounds, and Pharmaceutically Active Compounds) 

by NF/RO Membranes.”Journal of Membrane Science 227 (1–2): 113–21. 

31. Carballa, Marta, Francisco Omil, Thomas Ternes, and Juan M Lema. 2007. “Fate of 

Pharmaceutical and Personal Care Products (PPCPs) during Anaerobic Digestion of 

Sewage Sludge” 41: 2139–50. 

32. Manda, B. M Krishna, Ernst Worrell, and Martin K. Patel. 2014. “Innovative Membrane 

Filtration System for Micropollutants Removal from Drinking Water – Prospective 

Environmental LCA and Its Integration in Business Decisions. Journal of 

CleanerProduction,72,153–66. 

33. Nghiem, Long D., and Poppy J. Coleman. 2008. “NF/RO Filtration of the Hydrophobic 

Ionogenic Compound Triclosan: Transport Mechanisms and the Influence of Membrane  

Fouling. Separation and Purification Technology,62 (3): 709–16. 



39 
 

34. de Caprariis B, De Filippis P, Hernandez A.D., Petrucci E., Petrullo A., Scarsella M., 

Turchi M.,2017, Pyrolysis wastewater treatment by adsorption on Biochar produced by 

popular biomass, J. Environ. Manage, 197, 231-238 

35. Behera, Shishir Kumar, Seok Young Oh, and Hung Suck Park, 2010, Sorption of 

Triclosan onto Activated Carbon, Kaolinite and Montmorillonite: Effects of pH, Ionic 

Strength, and Humic Acid. Journal of Hazardous Materials 179 (1–3), 684–91. 

36. Tong, Yiran, Brooke K Mayer, and Patrick McNamara. 2016. Triclosan Adsorption Using 

Wastewater Biosolids-Derived Biochar.Environ. Sci.: Water Res. Technol. 

37. Ahmad, Mahtab, Anushka Upamali Rajapaksha, Jung Eun Lim, Ming Zhang, 

NanthiBolan, Dinesh Mohan, Meththika Vithanage, Sang Soo Lee, and Yong Sik 

Ok.2014. Biochar as a Sorbent for Contaminant Management in Soil and Water: A 

Review. Chemosphere,99, 19–23. 

38. Ahmad, Mahtab, Sang Soo Lee, Xiaomin Dou, Dinesh Mohan, Jwa Kyung Sung, Jae 

E.Yang, and Yong Sik Ok. 2012. “Effects of Pyrolysis Temperature on Soybean Stover- 

and Peanut Shell-Derived Biochar Properties and TCE Adsorption in Water. Bio-resource 

Technology,118,536–44. 

39. Inyang, Mandu, and Eric Dickenson. 2015. “The Potential Role of Biochar in the Removal 

of Organic and Microbial Contaminants from Potable and Reuse Water: A Review.” 

Chemosphere134,232–40. 

40. Ulrich, Bridget A., Eugenia A. Im, David Werner, and Christopher P. Higgins, 2015, 

Biochar and Activated Carbon for Enhanced Trace Organic Contaminant Retention in 

Storm water Infiltration Systems. Environmental Science and Technology 49(10): 6222–

30. 

41. Mohan, Dinesh, Ankur Sarswat, Yong Sik Ok, and Charles U. Pittman, 2014,Organic and 

Inorganic Contaminants Removal from Water with Biochar, a Renewable, Low Cost and 

Sustainable Adsorbent - A Critical Review.” Bio-resource Technology 160,191–202. 

42. Xie, Tao, Krishna R. Reddy, Chengwen Wang, Erin Yargicoglu, and Kurt Spokas, 2015, 

Characteristics and Applications of Biochar for Environmental Remediation: A Review. 

Critical Reviews in Environmental Science and Technology 45 (9): 939–69. 



40 
 

43. Tan, Xiaofei, Yunguo Liu, Guangming Zeng, Xin Wang, Xinjiang Hu, Yanling Gu, and 

Zhongzhu Yang, 2015,Application of Biochar for the Removal of Pollutants from 

Aqueous Solutions.”Chemosphere 125. 70–85. 

44. Rajapaksha, Anushka Upamali, Season S. Chen, Daniel C W Tsang, Ming Zhang, 

Meththika Vithanage, Sanchita Mandal, Bin Gao, Nanthi S. Bolan, and Yong SikOk, 

2016, Engineered/designer Biochar for Contaminant Removal/immobilization from Soil 

and Water: Potential and Implication of Biochar Modification, Chemosphere 148, 276–91. 

45. Nartey, Obemah, and Baowei Zhao. 2016. “Biochar Preparation, Characterization, and 

Adsorptive Capacity and Its Effect on Bioavailability of Contaminants: An Overview” 

2014: 134. 

46. Qian, Kezhen, Ajay Kumar, Hailin Zhang, Danielle Bellmer, and Raymond Huhnke.2015, 

Recent Advances in Utilization of Biochar, Renewable and Sustainable Energy 

Review.42,1055–64. 

47. Roberts, Kelli G., Brent A. Gloy, Stephen Joseph, Norman R. Scott, and Johannes 

Lehmann. 2010. Life Cycle Assessment of Biochar Systems: Estimating the Energetic, 

Economic, and Climate Change Potential,44: 827–33. 

48. Oleszczuk, Patryk, Sarah E. Hale, Johannes Lehmann, and Gerard Cornelissen. 2012, 

Activated Carbon and Biochar Amendments Decrease Pore-Water Concentrations of 

Polycyclic Aromatic Hydrocarbons (PAHs) in Sewage Sludge, Bio-resource Technology 

111, 84–91. 

49. Smith, K. M., G. D. Fowler, S. Pullket, and N. J D Graham. 2009, Sewage Sludge- Based 

Adsorbents: A Review of Their Production, Properties and Use in Water Treatment 

Applications. Water Research 43 (10), 2569–94. 

50. Hadi, Pejman, Meng Xu, Chao Ning, Carol Sze Ki Lin, and Gordon McKay. 2015, A 

Critical Review on Preparation, Characterization and Utilization of Sludge-Derived 

Activated Carbons for Wastewater Treatment, Chemical Engineering Journal 260, 895–

906. 

51. Yu, Lanlan, and Qin Zhong. 2006, Preparation of Adsorbents Made from Sewage Sludges 

for Adsorption of Organic Materials from Wastewater, Journal of Hazardous Materials, 

137 (1): 359–66. 



41 
 

52. Agrafioti, Evita, George Bouras, Dimitrios Kalderis, and Evan Diamadopoulos. 

2013,Biochar Production by Sewage Sludge Pyrolysis, Journal of Analytical and Applied 

Pyrolysis,101,72–78. 

53. Lu, Huanliang, Weihua Zhang, Shizhong Wang, Luwen Zhuang, Yuxi Yang, and 

Rongliang Qiu, 2013, Characterization of Sewage Sludge-Derived Biochars from 

Different Feed stocks and Pyrolysis Temperatures, Journal of Analytical and Applied 

Pyrolysis 102, 137–43. 

54. McNamara, Patrick J., Jon D. Koch, Zhongzhe Liu, and Daniel H. Zitomer. 2016, 

Pyrolysis of Dried Wastewater Biosolids Can Be Energy Positive, Water Environment 

Research,88 (9): 804–10. 

55. Hoffman, T. C., D. H. Zitomer, and P. J. McNamara. 2016, Pyrolysis of 

WastewaterBiosolids Significantly Reduces Estrogenicity.” Journal of Hazardous 

Materials. 317, 579–84. 

56. Ross, J. J., D. H. Zitomer, T. R. Miller, C. A. Weirich, and P. J. McNamara. 2016, 

Emerging Investigators Series: Pyrolysis Removes Common Micro constituents 

Triclocarban, Triclosan, and Nonylphenol from Biosolids.” Environ. Sci.: Water Res. 

Technol. 2, 282–89. 

57. Reddy, Krishna R, F Asce, Tao Xie, and Sara Dastgheibi. 2014. “Evaluation of Biochar as 

a Potential Filter Media for the Removal of Mixed Contaminants from Urban Storm Water 

Runoff” 140 (12): 1–10. 

58. Kearns, J. P., L. S. Wellborn, R. S. Summers, and D. R U Knappe. 2014,,2,4-D 

Adsorption to Biochar: Effect of Preparation Conditions on Equilibrium Adsorption 

Capacity and Comparison with Commercial Activated Carbon Literature Data, Water 

Research 62, 29–28. 

59. Karakoyun, Necdet, Senol Kubilay, Nahit Aktas, Omer Turhan, Murat 

Kasimoglu,Selahattin Yilmaz, and Nurettin Sahiner. 2011. “Hydrogel-Biochar Composites 

for Effective Organic Contaminant Removal from Aqueous Media.” Desalination 280(1–

3), 319–25. 

60. Lefevre, Gregory H., Paige J. Novak, and Raymond M. Hozalski. 2012, Fate of 

Naphthalene in Laboratory-Scale Bio retention Cells: Implications for Sustainable Storm 

water Management, Environmental Science and Technology 46 (2): 995–1002. 



42 
 

61. Jung, Chanil, Jeill Oh, and Yeomin Yoon. 2015, Removal of Acetaminophen and 

Naproxen by Combined Coagulation and Adsorption Using Biochar: Influence of 

Combined Sewer Overflow Components, Environmental Science and Pollution Research 

International. 

62. Jung, Chanil, Junyeong Park, Kwang Hun Lim, Sunkyu Park, Jiyong Heo, Namguk 

Her,Jeill Oh,Soyoung Yun, and Yeomin Yoon. 2013, Adsorption of Selected Endocrine 

Disrupting Compounds and Pharmaceuticals on Activated Biochars, Journal of Hazardous 

Materials 263, 702–10. 

63.  Otero, M., F. Rozada, L. F. Calvo, A. I. García, and A. Morán. 2003, Elimination of 

Organic Water Pollutants Using Adsorbents Obtained from Sewage Sludge, Dyes and 

Pigments57 (1): 55–65. 

64. Yao, Ying, Bin Gao, Mandu Inyang, Andrew R. Zimmerman, Xinde Cao, 

PratapPullammanappallil, and Liuyan Yang. 2011, Removal of Phosphate from Aqueous 

Solution by Biochar Derived from Anaerobically Digested Sugar Beet Tailings.”Journal of 

Hazardous Materials 190 (1–3), 501–7. 

65. Monsalvo, Victor Manuel, Angel Fernandez Mohedano, and Juan Jose Rodriguez. 2011, 

Activated Carbons from Sewage Sludge. Application to Aqueous-Phase Adsorption of 4-

Chlorophenol.”Desalination 277 (1–3), 377–82. 

66. Lei, Chao, Yong You Hu, and Min Zhen He. 2013. “Adsorption Characteristics of 

Triclosan from aqueous Solution onto Cetylpyridinium Bromide (CPB) Modified 

Zeolites.” Chemical Engineering Journal 219: 361–70. 

67. Schindeman, Lance, Timonthy Strathmann, Deborah Metz, Robert S. Isabel, and 

JoannaCummings. 2012. Evaluating GAC Filters for Control of DBP Precursors and Trace 

Organic Contaminants, 121. 

68. Zerzghi, H, C P Gerba, J P Brooks, and I L Pepper. 2010, Long-Term Effects of Land 

Application of Class B Biosolids on the Soil Microbial Populations, Pathogens, and 

Activity, J Environ Qual 39 (1): 402–8. 

69. Kumar, K.; Gupta, N.; Kumar, V.; Ahmad, S.; Kumar, A. A review of emerging 

adsorbents and current demand for defluoridation of water: bright future in water 

sustainability. Environ. Int. 2018,111, 80-108.  



43 
 

70. Besharati,N.;Alizadeh,N.; Shariati,S. Removal of cationic dye methylene blue from 

aqueous solution by coffee and peanut husk modified with magnetite iron oxide 

nanoparticles, J. Mex. Chem. Soc.2018, 62 (3), 110124.  

71. Radhi,I.K.;Hussein,M.A.; Kadhim,Z.N., 2019, Factors affecting the adsorption of some 

ionic dyes on the surface of modified CaO from egg shell. Asian J. Appl. Sci. 7(1). 

72. Adib, M.; Razi,M.;Nur,M.; Mohd, A.,2017, Factor affecting textile dye removal using 

adsorbent from activated carbon: A review. 06015,1-17. 

73. Naser J., Mjalli F., Jibril B., Al-Hatmi S., Gano Z., 2013, Potassium Carbonate as a Salt 

for  Deep Eutectic Solvents , International Journal of Chemical Engineering and 

Applications,4 (3), 114 - 118.  

74. de Caprariis B, De Filippis P, Hernandez A.D., Petrucci E., Petrullo A., Scarsella M., 

Turchi M.,2017, Pyrolysis wastewater treatment by adsorption on Biochar produced by 

poplar biomass, J. Environ. Manage., 197, 231-238. 

75. Fito,J.;Said,H.;Feleke,S.;Worku,A.  Fluoride removal from aqueous solution onto 

activated carbon of Catha Edulis through the adsorption treatment technology. 

Environ.sys.Res2019,1-10. 

76. Regassa,M.; Melak,F.;Birke,W.;Alemayehu, E., 2016, De fluoridation of water using 

Natural and Activated coal. 2016. 

77. Yu, Lanlan, and Qin Zhong. 2006, Preparation of Adsorbents Made from Sewage Sludges 

for Adsorption of Organic Materials from Wastewater, Journal of Hazardous 

Materials,137 (1): 359–66. 

78. Frezzini, MA, Massimi L, Astolfi ML, Canepari S, Guiliano A. 2019, Food waste material 

as low cost adsorbents for the removal of volatile organic compounds from waste water. 

Materials (Basel), 12(24). 

79. A. Abdallah, A. Hijazi, M. Hamieh, M. Alameh, J. Toufaily, H. Rammal, 2016, Treatment 

of      industrial wastewater using a natural and biodegradable adsorbent based on 

Eucalyptus,     Journal of Material and Environmental Sciences, 5, 4036–4048. 

80. J. Pang, F. Fu, Z. Ding, J. Lu, N. Li, B. Tang, 2017, Adsorption behaviors of methylene 

blue from aqueous solution on mesoporous birnessite, Journal of the Taiwan Institute of 

Chemical Engineers, 77, 168-176. 



44 
 

81. X. Liu, D.-J. Lee, 2014, Thermodynamic parameters for adsorption equilibrium of heavy 

metals and dyes from wastewaters, Bio resource Technol., 160, 24–31. 

82. L. S. Maia, A. I. C. da Silva, E. S. Carneiro, F. M. Monticelli, F. R. Pinhati, and D. R.       

Mulinari, 2021, Activated carbon from palm fibres used as an adsorbent for methylene 

blue removal, Journal of Polymers and the Environment, 29(4) 1162–1175. 

83. C. Peiris, S.R. Gunatilake, J.J. Wewalwewa, M. Vithanage, In: Biochar from Biomass and               

Waste: Fundamentals and Applications, Biochar and biochar composites: low cost      

adsorbents for environmental remediation, 2018 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Acknowledgement
	List of Tables
	List of Figures
	Abbreviations and Acronyms
	Abstract
	1. Introduction
	1.1. Background of the study
	1.2. Statement of the problem
	1.3. Objectives of the study
	1.3.1 General objectives
	1.3.2. Specific objectives

	1.4. Significance of the study

	2. Review of Related Literatures
	2.1. Dyes
	2.2. Classification of dyes
	2.2.1. Cationic dyes
	2.2.2. Anionic dyes
	2.2.3. Reactive dyes

	2.3 Methylene blue
	Figure1: Structure of MB.

	2.4 .The potential of biochar for the removal of dyes from wastewater
	2.5. Biochar as an adsorbent for Removal of dyes
	2.6. Factors affecting adsorption
	2.6.1. Contact time
	2.6.2. pH of the solution
	2.6.3. Initial concentration
	2.6.4. Nature of adsorbate
	2.6.5. Temperature


	3. Methods and Materials
	3.1. Chemicals
	3.2. Apparatus and Instruments
	3.3. Collections of adsorbents
	3.4. Preparation of different adsorbents for screening
	3.5. Adsorbent preparation
	3.6. Chemical Activation of carbonized sample
	3.7. Preparation of MB solution
	3.8.1. Identification potential solid food waste as adsorbent
	3.9. Batch Adsorption equilibrium studies
	3.9.1. Study of effect of adsorbent dose
	3.9.2. Study of effect of pH of adsorbate
	3.9.3. Effect of contact time
	3.9.4 Studies on point zero charge (pHpzc)
	3.9.5. Effect of temperature of shaker
	3.9.6. Effect of initial concentration of adsorbate

	3.10. Isotherm adsorption and kinetic models

	4. Results and Discussion
	4.1 Adsorbent selection
	Table 1. Un activated, base (KOH) and acid (HCl) activated biochars.

	4.2. Effect of adsorbent dosage
	Figure2: Effect of adsorbents dosages on the removal of MB.

	4.3. Effect of pH on adsorption of MB by different adsorbents
	Figure3: Effect of pH on adsorption of MB by different adsorbents.

	4.4. pH Point of Zero Charges
	Figure 4: Point of zero charges for onion, potato and garlic peels activated biochars

	4.5. Effect of temperature on adsorption of MB by adsorbents
	4.6. Effect of initial concentration of MB on adsorption capacity of adsorbents
	4.8. Adsorption Isotherm
	Figure 9: Langmuir adsorption isotherm of a) Solanum tuberosum (Potato), b) Sativum (garlic) and c) onto Allium cepa (onion) peels activated biochars.
	Figure 10: Freundlich adsorption isotherm of a) Solanum tuberosum (Potato), b) Sativum (garlic) and c) onto Allium cepa (onion) peels activated biochars.
	Table2.Freundlich and Langmuir adsorption isotherm model Parameters for adsorbents.

	4.9. Adsorption Kinetics Modeling
	Figure 11:Pseudo first order model for a) Solanum tuberosum (Potato), b) Sativum (garlic) and c) onto Allium cepa (onion) peels activated biochars.
	Figure 12: Pseudo second order model for a) Solanum tuberosum (Potato), b) Sativum (garlic) and c) onto Allium cepa (onion) peels activated biochars.
	Table3. Parameters of adsorption kinetic modeling.

	4.10. Adsorption Thermodynamic Studies
	Table 4. Thermodynamic parameters for the adsorption processes.

	4.11. Adsorbents Characterization
	Figure 14: XRD spectra of different adsorbents.
	Figure15: FT-IR spectrum of Garlic and potato peels biochars before and after adsorption.


	5. Conclusion
	6. Reference



