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Abstract 

Chromium (Cr (VI) and methylene blue (MB) released from industry lead to a significant 

environmental pollution and have a tendency to accumulate in a certain part of the human body 

and become harmful to life. In this study water hyacinth leaf were used for the preparation of 

activated carbon to use it as an adsorbent for the removal of chromium (Cr (VI) and methylene 

blue (MB) from Tannery and Textile wastewater. The water hyacinth was collected from the 

coastal of Abay River. The waste samples were taken from pre-treatment & post-treatment sites 

outlet of leather & textile industry from Bahir Dar leather & textile production which are found in 

Bahir Dar City, Ethiopia. The activated carbon derived from the water hyacinth leaf (ACDWHL) 

were characterized through proximate analysis, X-ray diffraction (XRD), Fourier transform 

infrared spectroscopy (FTIR) & Brunauer Emmett and Teller (BET) analysis. The batch adsorption 

experiments were conducted by varying pH:1–8 & 6-14, dosage:50-250 mg/50ml, initial 

concentration:2–10ppm and contact time: 30-180 min, at room temperature for Cr (VI) and MB 

respectively. The optimum values are pH = 2 & 10, dose = 150 & 200 mg, concentration = 2 ppm 

and contact time = 120 & 90 min were obtained for Cr (VI) and MB removal, respectively. After 

carbonization, the carbon derived material from the water hyacinth leaf shows  high- surface area 

of 616.387 m2 g-1, pore volume of 0.2064 cm3 g-1 and pore diameter of 0.2261 nm was obtained at 

2:1 impregnation ratio with 500°C temperature for 2hr of carbonization time. At the optimized pH 

the removal efficiency of ACDWHL for Cr (VI) and MB were 84.4 & 95.2%, respectively. In 

addition, the maximum adsorption capacity of Cr (VI) and MB was determined to be 7.4 and 8.12 

mg g−1, respectively. Electrostatic interaction acting a major role during these adsorptions due, to 

anionic species of Cr (VI) and cationic forms of MB. The conducted adsorption isotherm and the 

adsorption kinetic studies explained that data fitted well with Langmuir & Freundlich isotherm for 

Cr (VI) & MB respectively, and correlated well with the pseudo second order. Finally, its 

concluded that ACDWHL was a satisfactory adsorbent for mitigation of Cr (VI) and MB from 

tannery & textile industries effluent. 

Keywords: - Adsorption; Activated Carbon; Hexavalent Chromium; Methylene Blue;Adsorption 

Isotherm; Adsorption Kinetics 
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1 INTRODUCTION 

1.1 Background 

Water contamination is an issue that affects people (living things) throughout the globe. It can be 

geological or anthropogenic (man-made) [1]. The naturally occurring elements present at 

intolerable levels and man-made by-products of industry and agriculture including heavy metals 

like mercury, copper, chromium, lead and harmful chemicals such as dyes and compounds like 

insecticides and fertilizers contaminating the water [2]. 

The tanning industry is a well-known as one of the major water polluting industries which 

generates a large amount of effluent throughout the tanning process [3]. Various chemicals have 

been using for the processing of leather including lead, nickel, arsenic, chromium and cadmium. 

However chrome tanning process is the most frequently used for tanning process [4, 5]. 

Wastewater produced from tanneries is highly contaminated or polluted with high organic and 

inorganic pollutants [6].The organic load is due to the existence of hair, manure, soluble protein 

and blood particles but the inorganic load is mainly due to the existence of the chromium salt 

which is used as a tanning agent [7]. 

Chromium [Cr (VI)] is a major toxic heavy metal for both humans and the environment [8]. 

Chromium enters the environment through wastewater generated by anthropogenic sources, such 

as steel and alloy manufacture, bricks, chromium plating, metal finishing and textile dyeing [9]. In 

aquatic environment, chromium exists as both the trivalent [Cr (III)] and hexavalent [Cr (VI)] 

oxidation states [10]. The trivalent form is less toxic than the hexavalent and is widely known as 

a supplementary mineral for human health, while [Cr (VI)] is a potential carcinogenic, mutagenic  

skin irritation and liver damage [8]. The recommended limit to [Cr (VI)] in potable water, inland 

surface water and industrial wastewater was 0.05mg/l on the bases of world health organization 

(WHO) [11, 12]. 

Correspondingly, methylene blue (MB) is a cationic dye, which is discharged by paper and pulp, 

textile, leather, plastics and food industries [13]. The methylene blue exposure leads to human 

health effects such as ; shock ,vomiting, eye burns and irritation to the skin [14]. 
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Consequently; it is necessary to treat industrial wastewater incorporate chromium and methylene 

blue before being discharged to the environment. The common strategies that have been employed 

to remove Cr (VI) and MB from the tannery and textile sewage are ion exchange [15, 16] ,chemical 

precipitation [17], flotation [18], membrane filtration [19] and adsorption [5, 20]. In comparison 

with these methods, adsorption is one of the efficient and multifaceted mechanism that has been 

used to remove chromium and methylene blue from wastewater comparatively at low adsorbent 

amount. This is due to its simplicity, cost-effectiveness, non-hazardous technique, easy operation 

and almost without secondary sludge production [21, 22].  

In recent years, numerous researchers have used many adsorbents such as rice husk carbon [23], 

treated waste newspaper [24], peels of peapod [25], corncob-based activated carbon[26], bamboo 

charcoal [27] and clay [28], for the removal of Chromium and methylene blue from wastewater. 

Moreover, Ajay Kumar Manna and co-workers have been prepared the activated carbon 

synthesized from natural rubber and employed for the adsorption of Cr (VI) and MB, with the 

maximum efficiency was 80% [29]. Several investigations have reported that activated carbon has 

shown a significant adsorption removal efficiency of Cr (VI) and MB [24, 30].  

Therefore, to obtain an efficient biomass derived materials for the adsorption of Cr (VI) and MB 

from the industrial wastewater yet remains a high challenge. Water hyacinth is a noxious weed 

that has a prompt growth rate and highly reducing the water body, water volume, and aquatic 

organism. For example, water hyacinth in Abay River, Ethiopia. To acquire and achieve high 

removal efficiency of Cr (VI) and MB, it is necessary to develop environmentally available 

biomass derived carbon materials which shows strong adsorption efficiency for both Cr (VI) and 

MB, that has not been explored and reported yet. The purpose of this thesis work is to develop a 

low-cost and highly efficient water hyacinth leaf derived activated carbon for the removal of Cr 

(VI) and MB from tannery and textile wastewater in Bahir Dar City, Ethiopia. The second 

investigation was to conduct batch system to optimize the effects of adsorbent dosage, solution 

pH, contact time and concentration using the prepared activated carbon. The obtained activated 

carbon has been characterized using Fourier transform infrared (FTIR) spectroscopy, X-ray 

diffraction (XRD), and Brunauer-Emmett-Teller (BET). Adsorption kinetics was assessed by 

fitting the experimental data with the selected kinetic models. 
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1.2 Statement of the Problem 

One of the major challenges of the present day is the wastewater discharged from industries, 

particularly in developing countries like Ethiopia. Water is a medium for the metabolic activities 

of living organisms they need pure water or free from any contaminants [31]. But different natural 

and anthropogenic contaminants affect the purity of water. Chromium and methylene blue are the 

common potential pollutants that are often used in industries such as painting, cement, mining, 

production of steel and other metal alloys, car manufacturing, textile, electroplating, tannery 

industries, photographic material, corrosive painting and others [9, 13]. The discharges of these 

effluents into the environment and water bodies cause serious health problems such as skin ulcers, 

liver disease, kidneys damages and lung cancer [8]. So that ,Cr(VI) and MB  potentially affecting 

the environment, due to their chronical health problem, we need to remove those pollutants [32]. 

Hence, these pollutants need to treat before they discharged to the environment because of their 

allergic, dermatitis, skin irritation mutagenic and carcinogenic effects. Even though different 

reports are available on chromium and methylene blue removal using different natural adsorbents, 

however, removal of chromium and methylene blue from aqueous solution or wastewater using 

activated carbon derived from water hyacinth leaf (ACDWHL) has not been yet reported in 

Ethiopia. The use of water hyacinth leaf as a potential source of activated carbon for the 

elimination of chromium and methylene blue from the wastewater is an environmentally 

approachable and practical waste conservation method. This study would provide information on 

the efficiency of activated carbon derived from water hyacinth leaf towards the removal of 

chromium & methylene blue in Bahir dar City, Ethiopia from tannery & textile waste /aqueous 

solution by the adsorption method.  

1.3 Objectives of the Study 

1.3.1 General Objective 

To develop a new and highly efficient biomass derived adsorbent from water hyacinth leaf for the 

removal of chromium (VI) and methylene blue from wastewater. 
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1.3.2 Specific Objectives 

• To prepare a low cost and environmental-friendly biomass derived activated carbon from 

water hyacinth leaf, which is utilized as an adsorbent.  

• To investigate the influence of pH, concentration, contact time and dose of adsorbent to 

remove Cr (VI) and MB from wastewater/aqueous solution. 

• To characterize activated carbon derived from water hyacinth leaf. 

• To investigate the efficiency of activated carbon derived from water hyacinth leaf to 

remove Cr (VI) and MB from wastewater/aqueous solution. 

• To study the kinetics and isotherm models for the adsorption of Cr (VI) and MB into water 

hyacinth leaf adsorbent. 

1.4 Significance of the Study 

❖ Using low-cost adsorbents which could be easily available and environmentally friendly 

to remove Cr (VI) and MB from industrial wastewater. 

❖ Increase purity of water by removing chromium (VI) and methylene blue. 

❖ Reduce the health problems caused due to high chromium (VI) and MB concentration  

❖ Using natural resources for industrial as raw material input rather than throw away to 

the environment. 

❖ Reduce environmental waste by using water hyacinth leaf wastes as an adsorbent rather 

than simply discharging or accumulate into the environment. 

1.5 Scope of the Study 

The thesis work has been conducted on industrial wastewater obtained from the outlet of the leather 

and textile industry so-called Bahir Dar leather & textile production which it is found around Bahir 

Dar City. The scope of this study was to remove Cr (VI) and methylene blue from industrial 

wastewater using activated carbon derived from the water hyacinth leaf. The characterization of 

the adsorbent has been caried out using XRD, FTIR, BET and UV-Vis Spectrophotometry. 
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2 LITERATURE REVIEW 

2.1 Wastewater 

It is a water whose physical or chemical properties have been changed due to the introduction of 

certain materials that results unsafe for different purposes such as drinking and which is generated 

from homes, private institutions, rural areas, urban areas, farms, industries and other point and 

non-point sources [33]. High amounts of liquid waste from agricultural, industrial, domestic and 

commercial bases are discharged into raw surface water bodies every day [34]. Industrial 

wastewater consists of harmful suspended and dissolved substances like heavy metals and dyes 

that pollute water which, outcomes harmful health problems to living organisms. According to 

available evidence, including the world health organization heavy metals are urgent environmental 

concern, including lead, chromium, mercury, cadmium, copper and iron [35]. 

The development of industrialization most developing countries like, ethiopia has attracted foreign 

investments but has led to heavy pollution of water bodies due to the discharge of untreated 

industrial waste. This pollution has been great concern to governments and other stakeholders; 

therefore, exploring low-cost and effective treatment techniques is the focus of many researchers 

and scientists across the world [36]. 

2.2 Heavy Metals 

Although there is no specific definition of heavy metals, the literature defines it as a naturally 

occurring element with a high atomic weight and a density of five times that of a water or any 

metallic chemical element that has a relatively high density and toxic or poisonous at low 

concentrations [37]. Among all the pollutants, heavy metals have received paramount attention 

from environmental chemists due to their poisonous nature and they are commonly found in trace 

amounts in natural waters but many of them are dangerous even at very low concertation [38]. 

Metals such as arsenic, lead, cadmium, nickel, mercury, chromium and cobalt are all highly 

poisonous metals even in trace amounts [39]. They may pass into the human body through food, 

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

manufacturing, pharmaceutical and industry [36, 38].  
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2.2.1 Health Effects of Heavy Metals  

 The gradual accumulation of toxic chemicals in the body of a living organism can results in 

bioaccumulation, which was produced when an organism uptakes a toxic substance at a higher 

concentration than its release [34]. As these elements cannot biodegrade or break down easily the 

negative effects are degenerated by the ecosystem of the environment [40]. For example, Cd can 

be accumulated in the human body for up to 30 years, without being destroyed /biodegrade or 

break down [41]. Heavy metals express their toxicity to human beings, which may result from the 

following mechanisms [42]. Firstly, heavy metals can easily form precipitates with anionic 

substances (CO3
–2, SO4

2 and PO4
–3), the precipitates (solids) may stay in the human body. Secondly 

heavy metals can be adsorbed onto organic functional groups in various tissues of the human body, 

which may change their biological activities (e.g enzymes),this may also force the essential metals 

to detach from enzymes and be replaced by harmful heavy metals (e.g, Cu versus Zn).Thirdly some 

heavy metals may cause redox reactions forcing the basic elements like carbon to change their 

chemistry for example, hexavalent chromium (CrO4
–2 ) can cause the oxidation of carbon in the 

tissues of the human body & the carbon may be oxidized , thus its chemistry may be changed [43] 

Therefore, the need to treat wastewater is a great importance to safeguard the environment and 

reduce associated health problems [44]. It is important to eliminate heavy metals and MB b/c living 

organisms are easily exposed to different diseases such as carcinogens, mental disorders, kidney 

damage, lung disease, liver disease, high blood pressure, headaches and intestinal problems [34]. 

2.2.2 Chromium 

The name is derived from the Greek word chroma which means color because many of its 

compounds are colored [45]. It is an odorless and tasteless metallic transition element with an 

atomic number of 24, atomic weight of 51.996 and belongs to in the group VI-B of the periodic 

table with a ground-state electronic configuration of [𝐴𝑟] 3d54s1  [46, 47]. It comes in different 

natural isotopes namely 52Cr (83.8%) & 53Cr (9.65%) [48] . 

Chromium can exist in nine different oxidation states from -II to +VI but the most stable and 

common forms are the trivalent Cr (III) and the hexavalent Cr (VI) species. Compounds with a 
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chromium oxidation state of III was strongly reducing state while chromium (VI) compounds are 

strongly oxidizing states [47, 49]. 

The majority of chromium (VI) compounds are highly soluble, whereas most of the chromium 

(III) compounds partially soluble in water. Hexavalent chromium generally exists in monomeric 

(HCrO4
– & CrO4

2–) or dimetric state (Cr2O7
–2) due to the presence of dimeric and monomeric 

species impacts the orange and yellow colors of solution was produced respectively [50]. 

Depending on the pH the predominant species present, as a function of pH are H2CrO4 at pH less 

than about 1, HCrO4
– at pH between 1 and 6, and CrO4

2–at pH above 6 [51]. 

2.2.3 Uses of Chromium  

The metallurgical industries use chromium for the production of stainless steel and nonferrous 

alloys plating steel. For example, on cars and bicycles, aircraft, silver finish & resistant to corrosion 

[52]. Chromium in the form of Cr (VI) and Cr (III), used for chrome plating, dyes and pigments 

like; green, yellow, red & orange colors, textile manufacturing, leather tanning and wood 

preserving [9]. Cr (III) is an essential element for humans to have normal glucose, protein, and fat 

metabolism [47, 49].  

2.2.4 Chromium Toxicity 

It is toxic to humans/animals because it is a strong oxidizing agent and has the potential to be 

carcinogenic, mutagenic/corrosive. From the two most common oxidation states, hexavalent 

chromium is more toxic [8, 53] and the mobility is higher than trivalent chromium in the aqueous 

medium [54]. Another environmentally significant chromium species is the trivalent chromium 

(Cr(III)) which is considered non-toxic at minute concentrations; however, at high concentrations 

it can be toxic [21].When Chromium is collected at high levels it causes cancer in the digestive 

tract, epigastric pain, vomiting, severe diarrhea, hemorrhage, leukemia and bladder cancer [55]. 

Chromium (VI) in the forms of dichromate (Cr2O7
2–), chromate (CrO4

2–) and CrO3 are considered 

as the most dangerous forms of chromium because they having high oxidizing potential, high 

solubility and mobility across the membranes in living organisms and the environment [8]. 

Chromium (III)is less toxic as it is fairly insoluble in water mainly bound to the organic matter in 

soil and aquatic environment and presents lower mobility [49]. 
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2.3 Dye  

Dyes have been used as color agents in textile, leather, paper, plastic, rubber, painting, cosmetic, 

food and pharmaceutical industries & most naturally occurring dyes are obtained from plants and 

minerals [13]. Natural dyes are unable to satisfy industrial demand because of the huge increase 

in industrial activity that followed the start of the industrial revolution. W. H. Perkin created the 

first synthetic dye, aniline purple in 1856, since then, synthetic dyes have increased significantly. 

Synthetic dyes can be categorized as cationic dyes, anionic dyes and non-ionic dyes (based on the 

particle charge of the dye) [56]. Because of positive ions are present in the structure of the 

molecule, cationic dyes are sometimes referred to as basic dyes [56]. Anionic dyes contain acidic, 

dyes (having  negative ions present in their aqueous solution) [57].  

Synthetic dyes can absorb light in the visible spectrum (400-700 nm) and they are highly visible 

in water even at very low concentration [58]. Effluents resulted from industrial activities are 

generally not suitable for the environment/water body due, to their synthetic origin, high solubility 

and complex molecular structures [58]. In general, basic dyes, acid dyes, reactive dyes and sulfur 

dyes are employed in the textile industry [59]. High color, organic content and hazard are all 

characteristics of dye-bearing effluents from various industries [60]. According to reports, there 

are more than 100,000 dyes available commercially, and more than 7x105 tones are produced 

annually [61]. It is also estimated that the total dye consumption in the textile industry worldwide 

is more than 10,000 tons per year and almost 10–25% of these dyes are discharged as effluents 

into water sources [62]. 

2.3.1 Methylene Blue Dye 

It is a monovalent cationic heterocyclic aromatic chemical compound with the molecular 

formula(C16H18N3SCl) and chemical name [3,7-bis (Dimethylamino)-phenazathionium chloride 

Tetramethylthionine chloride] [63]. MB is a basic aniline(aromatic amine)  dye that forms a deep 

blue color & it is used in coloring paper, dyeing cotton wool and color of paper. The removal of 
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methylene blue from any sewage is most important due to the serious environmental damage that 

can exist as a result of contact with it, particularly in the case of human beings [64].  

Figure 1:Chemical structure of methylene blue. 

2.3.2 Toxicity Effects of Dyes 

Since dyes are typically poisonous, discharging them into water sources can have a negative impact 

on both the environment and human health, since synthetic dyes contain complicated structures 

so, the public and environmentalists have been concerned about their effects on the environment 

[65]. Dye discharge into a water body can decrease light penetration through the water and interfere 

with the photosynthetic activity of aquatic organisms, since dyes are extremely visible in water 

even at very low concentrations [66]. The textile and paper industries are the major users of 

cationic dyes like methylene blue and the effluents are the cause of allergic, skin irritation, 

mutations and even cancer [67]. Also, cationic dyes can cause increased in heart rate, vomiting, 

decreased cardiac output & blood flow [68].  

2.4 Removal Methods of Water Contaminants 

Since metals and dyes can exist and accumulate in all living organisms, it is necessary to treat 

metal and dye-contaminated wastewater before its discharge into the environment [69]. For 

minimizing these hazardous pollutants various techniques have been employed with varying 

degrees of success for the removal of toxic pollutants from water and wastewater including 

chemical precipitation [17], coagulation-flocculation [70], flotation [18], membrane filtration [71], 

ion exchange resin [72] and adsorption [73]. 
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2.4.1 Chemical Precipitation 

It is a simple and widely used approach for removing heavy metals and dyes due to its ease of use 

and low cost [74]. Chemical precipitation is a technique for treating metal-containing wastewater 

that involves adding chemicals to generate an insoluble precipitate [75]. Hydroxide precipitation, 

sulfide precipitation and heavy metal chelating precipitation are some of the several chemical 

precipitation processes used. Lime and limestones are the most often employed precipitant agents 

in chemical precipitation [76] . Despite its benefits, it has several drawbacks, such as the use of an 

excessive amount of chemicals in the treatment process and the generation of excessive sludge and 

the problem of sludge disposal into the environment [77]. 

2.4.2 Coagulation/ Flocculation  

 Introducing a coagulant the coagulation process destabilizes colloidal particles resulting in 

sedimentation [78] .To raise the particle size, coagulation is followed by the flocculation of the 

unbalanced particles into large floccules. This technique includes pH adjustment and includes the 

addition of ferric/alum salts as the coagulant to overcome the repulsive forces among particles.  

Despite its advantages, coagulation-flocculation has limitations such as high operational costs due 

to chemical consumption. The improved volume of sludge produced from coagulation-flocculation 

may difficult its adoption as a worldwide policy for wastewater treatment [79].  

2.4.3 Flotation 

Employed to separate metal or dyes from a liquid phase using foam attachment and the attached 

particles are separated from the suspension of metal ions by the bubble rise [80]. Among the 

different types of flotation, DAF is most frequently used for the treatment of metal-polluted 

wastewater. DAF allows micro-foam of air to attach to the metal ions in the water & develops with 

lower density than water and causes the flocs to increase through the water and accumulate at the 

surface where they can be detached as sludge [81].  

2.4.4 Membrane Filtration  

Membrane filtration is accomplished by removing suspended solids, organic compounds like dyes 

and inorganic pollutants such as heavy metals. Depending on the size of the particle that can be 
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retained, several types of membrane filtration such as ultrafiltration & nanofiltration can be 

employed for heavy metal and dye removal [69].The membrane processes was non-polluting 

separation methods used in wastewater treatment. In pressure-driven membrane separation 

processes such as microfiltration (MF), ultrafiltration (UF) and nanofiltration (NF) a pressure 

gradient over the membrane enables the solvent (water) to permeate the membrane and the solutes 

existing in the feed solution are rejected to a certain extent, which depends on the membrane type 

[82]. 

2.4.5 Ion-Exchange  

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

technique has also been applied as a measurement of  Cr (VI) and MB [83]. This 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 

[72]. 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 and 

also  including the high cost and selectivity of ions [51]. 

2.4.6 Adsorption 

Mass transfer method by which a material (adsorbate) is moved from the liquid or gas phase to the 

surface of a solid (adsorbent) and becomes bound by physical or chemical interactions [84]. 

According to the strength of the interaction adsorbate-adsorbent, it can be divided into 

physisorption and chemisorption mechanisms. Physisorption (e.g, physical adsorption and micro 

precipitation) is reacted by weak interactions such as London or Van Der Waals forces, while 

chemisorption(e.g., ion exchange, electrostatical attraction, coordination & complexation involves  

the net formation of chemical bonds adsorbent-adsorbate [85].  

2.5 Commonly Used Adsorbents 

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

researchers have used different types of adsorbents to examine their efficiency towards several 
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heavy metals and dyes. From this most commonly used once such as activated carbons, low-cost 

materials (agricultural waste, natural biomasses, natural mineral materials and industrial by-

products) and others [86]. 

2.5.1 Activated Carbon 

It is the most commonly used commercial adsorbent for industrial applications due to its richness 

in macropores:(>50 nm diameter), mesopores(2-50nm diameter) micropores: (< 2 nm diameter), 

and the resulting large surface area (500-1500 m2/g) [87]. Any carbon-containing organic materials 

can be used to produce activated carbon. Thus commercial activated carbon is manufactured from 

those that  have some original porosity and are easy to activate, such as coal, petroleum coke, 

wood, sawdust, nutshells, fruit stones, peat & lignite [88].In the effort to reduce costs various kinds 

of activated carbon have been prepared from agro-byproducts, such as pinewood, rice hull, palm 

shell, seed husks, coconut shell and palm fruit for sorption [89].  

Activated carbon available in different forms like; powdered(a), granular(b) and pellets(c)  

activated carbon. Powdered activated carbon material is finer material which is made up of crushed 

or ground carbon particles, 95–100% of which will pass through a designated mesh sieve. Granular 

activated carbon has a relatively larger particle size compared to powdered activated carbon and 

consequently, presents a smaller external surface. Correspondingly, as compared from the two 

activated carbon size pellets is larger , so it has a very smaller external surface area  [90].  

 

Figure 2: Activated carbon available in different forms[91]. 
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2.5.2 Low-Cost Adsorbent 

Adsorption using low-cost adsorbents has attracted the increasing attention of numerous 

researchers mainly due to its cost-efficiency, effectiveness, technical flexibility and renewability 

of used adsorbents [73]. Consumption of naturally occurring materials or industrial by-products or 

locally existing agricultural waste materials as the adsorbents in removing heavy metals and dyes 

from wastewaters is not only cost-effective in metal & dye ion removal  but also contributes to a 

zero-waste condition in the environment [69, 73, 92, 93]. 

2.5.3 Water Hyacinth Leaf (Eichhornia crassipes) as an Adsorbent 

Water hyacinth (Eichhornia crassipes) is the most quickly growing, very productive free-floating 

aquatic plant and broadly distributed species that initiated in the amazon & south america [94]. 

The entrance of water hyacinth into africa, asia, australia and north america was enabled by human 

activities. Specially, africa has been affected by the entry and distributed of water hyacinth, 

facilitated in part due to the absence of prevention and removal mechanisms. Water hyacinth 

reproduces itself very fast by short runner stems and also by seed and it can cover huge water 

bodies in different countries within a short period [95]. 

Table 1 Chemical analysis of water hyacinth in different organs[95]. 

No Contents Leaf (%) Stem (%) Root (%) 

1 Carbon 30.33 29.55 27.22 

2 Nitrogen 0.3 0.2 0.1 

3 Cellulose 29.86 29.33 18.11 

4 Hemicelluloses 31.81 28.35 16.23 

5 Lignin 5.49 18.36 15.67 

6 Protein 21.97 7.70 3.33 

7 Lipid 1.93 0.98 0.65 

8 Ash 13.10 21.20 50.11 

The contents of cellulose, hemicellulose and lignin in different body part of water hyacinth were 

mentioned in (table 1). Considering to leaf, stem and root, the whole plant of water hyacinth has a 
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little higher cellulose and hemicelluloses content and low lignin content [95, 96]. Compared the 

cellulose, hemicellulose and lignin Contents and validity of application, the leaf was finally 

selected as adsorbent for adsorption of heavy metal and dyes. 

 

Figure 3: Chemical structure of cellulose, hemicellulose and lignin. 

The cellulose, hemicellulose and lignin contains functional groups such as O-H, which are 

involved in adsorption through hydrogen bond formation & deprotonation [97].Perhaps, this 

carbon material has earned this title as a result of its characteristics features high surface area, large 

internal porosity and its availability it could be used in the adsorption of adsorbates. 

Abay river, amhara region ethiopia is the one which is covered by water hyacinth as shown in 

figure 4. Water hyacinth has the ability to reduce water quality, water volume, aquatic organisms 

and biological variety by blocking photosynthesis, which significantly reduces oxygen levels in 

the water [98]. Water hyacinth affects biodiversity, ecosystem, human and animal health and 

socio-economic development significantly. Still now a lot of money and resources are spent 

including ethiopia in order to avoid the water hyacinth to protect the water body from drying.  
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Figure 4: Photographic representation of water hyacinth in Abay River. 

2.5.3.1 Uses of Water Hyacinth Leaf  

Leaf of water hyacinth containing of a high content of cellulose, hemicellulose and proteins which 

can be used for different application, including; wastewater treatment, bio-fuel production, 

compost/fertilizer and animal feeds [99].In addition to this the biomass has been used as the 

adsorbent to remove heavy metals, dyes and for pharmaceutical industries due to its high cellulose 

and proteins content [100]. Different literatures indicate that water hyacinth has the ability to clean 

up various contaminated water specially toxic heavy metals and dyes [101]. 

2.6 Methods to Activate the Carbon 

Activated carbon could be prepared through the direct activation of dry fresh precursor or a two-

stage process containing initial carbonization and then activation [102]. In the two-stage process, 

the dried fresh organic materials should be primarily carbonized at high temperatures. In the 

carbonization process, the material should be exposed to a red spot (less than 700 °C) temperature 

in the distillation device to evaporate and eliminate the hydrocarbons from it in the absence of 

oxygen [102]. Generally, the process of carbonization is thus pyrolytic and its product is known 

as carbonized solid material [103]. 
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Figure 5: Methods of the activation processes [104]. 

2.6.1 Physical Activation 

Physical activation is a two-step process that begins with carbonization (pyrolysis) in a neutral 

atmosphere and continues with activation in atmospheric oxidizing gases such as steam, carbon 

dioxide and nitrogen or air mixtures at temperatures ranging from 800 to 1100°C [102] . This 

method can produce activated carbon with a porous structure and high physical power and it is a 

cost-effective method for preparing activated carbon that is also environmentally friendly because 

it is chemical-free [105] .The long activation time and low adsorption capacity, as well as the high 

energy consumption are the drawbacks of the physical activation [106]. 

2.6.2 Chemical Activation 

Chemical activation of AC includes both carbonization and activation being accomplished in a 

single phase using chemical agents [106]. Depending on the activating material and the properties 

of the last product activation can take place at a temperature variation from 400 to 900 °C at which 

the material is degraded. These activating agents with in the carbon structure lead to the creation 

of small pores in the activated carbon, thereby increasing its surface area [107]. Compared to 

physical activation, this type is more cost-effective since it requires a lower activation temperature, 

shorter processing time, more porous & higher carbon result [108]. 
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The main chemicals which have been used as a potential activator are alkaline groups such as 

potassium hydroxide(KOH),sodium hydroxide (NaOH), calcium chloride (CaCl2) & potassium 

carbonate (K2CO3), acidic groups such as phosphoric acid (H3PO4) and sulfuric acid(H2SO4), as 

well as metal salts such as ZnCl2 and other activating agents can be used [109]. 

2.6.3 Adsorption Mechanism/Process 

Adsorption is a physicochemical process whose mechanism is normally characterized by four steps 

[110]. (I) migration of solute from the bulk of the solution to the adsorbent surface (bulk diffusion); 

(II) external mass transfer of solute across the liquid film to the adsorbent exterior surface (film 

diffusion); (III) solute transport from the exterior surface into the pores of the adsorbent 

(intraparticle diffusion or pore diffusion) and (IV) adsorption of solute on active sites in inner and 

outer surfaces of adsorbent. The first step is generally presumed to be rapid and therefore cannot 

be considered as a rate-controlling step [111]. 

 

Figure 6: Scheme of the mechanism of molecule adsorption [112]. 

2.7 Types of Adsorption Phenomena 

The adsorption forces between adsorbents and adsorbates are a main factor in defining whether 

the adsorption is physical or chemical. Occasionally, it is complicated to identify what type of 
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adsorption is predominating in a certain situation, sometimes it might be a combination of 

chemisorption and physisorption [113].  

2.7.1 Physisorption/ Physical Adsorption (Vander Waals Adsorption) 

Which is the result of weak intermolecular forces of attraction between molecules of the solid 

adsorbent and the substance adsorbed, it is reversible and rapid with most valuable parameters of 

pore sizes, pore structure, pore volume and surface area[114]. It occurs with the development of a 

multilayer of adsorbate on the adsorbent & the phenomenon decreases with an increase in 

temperature, usually takes place at a lower temperature which is much below the boiling point of 

the adsorbate [114] . 

2.7.2 Chemisorption/Chemical Adsorption 

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

the precondition for chemisorption [115]. Chemical adsorption occurs b/c of a chemical reaction 

b/n molecules and atoms of the adsorbate with adsorbent. Chemisorption is irreversible for the 

reason that chemically adsorbed molecules are not able to transfer on the surface within the 

interface & the  advantages are the high selectivity of separation & the capacity to treat [113]. 

2.8 Factors Influencing Adsorption Process 

2.8.1 Contact Time Effect 

The time taken by the adsorbent to contact the adsorbate is crucial in wastewater treatment, that is 

an increase in contact time significantly increases the adsorption capacity of adsorbents as a result 

of rapid interaction between the adsorbate and the adsorbent material [116]. The rate of adsorption 

is normally fast in the first few minutes because the adsorbate quickly fills up the readily available 

adsorption sites. However, in the process of time, equilibrium is achieved and there seems to be 

no significant adsorption taking place any longer. Numerous researchers have studied the effect 

that contact time has on the uptake of chromium, reports indicated that equilibrium was reached 

within 50 min [117], 60 min [118], 90 min [119] and  120 min [120]. 
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2.8.2 pH Effect 

The pH value of the metal solution plays a significant role in the whole adsorption process, 

specifically in the adsorption capacity which mean that the pH of the solution would affect both 

aqueous chemistry and the surface binding sites of the adsorbents [121]. 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 

and better adsorption is obtained and 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/dye ion adsorbed [122].  

2.8.3 Concentration Effect 

It is widely known that when the initial ion concentration of the adsorbate is decreased the rate of 

adsorption was increased, however, after a certain time, the rate of adsorption begins to decline as 

a result of saturation that must have been attained by the adsorbent [123]. Several studies have 

been published for the optimization the initial chromium ion concentration b/n 10 μg/L and 11 x 

106 μg/L [124]. Further studies have taken into account the permissible concentration of chromium 

in wastewater & have reported their findings within the range of  ≤ 2000 μg/L [124, 125]. 

2.8.4 Dose of Adsorbent Effect  

When the amount of adsorbent is increased more active sites would be available to which more 

amounts of metal and dye pollutants can be attached [126]. However, a further increase in the 

amount of adsorbent would have a negative effect on the adsorption process. This means either the 

metal adsorption decreases or it becomes steady because the active site for adsorption is blocked 

by the screening effect [127]. 

2.9 Adsorption Isotherms 

An adsorption isotherm equation is an expression of the relation between the amount of solute 

adsorbed & the concentration of the solute in the fluid phase since the adsorption isotherms are 
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important to describe how adsorbates would interact with the adsorbents and it is critical for design 

and optimizing adsorbent purposes [128].  

There are numerous isotherm equations available to analyze the experimental adsorption 

equilibrium parameters, but the well-known adsorption isotherm models used for single solute 

systems are Langmuir and Freundlich isotherms are selected in this study to evaluate the 

adsorption of Cr (VI) and MB on activated carbon derived from the water hyacinth leaf.  

2.9.1 Langmuir Adsorption Isotherm 

It gave information about whether adsorption is favorable or not. The Langmuir model assumes 

that the adsorption of heavy metals and dyes occurs as a monolayer on a homogeneous surface by 

the equilibrium distribution of metal ions & dyes between the solid and liquid phases and the non-

linear form is represented by the following equation [129]. 

 
1

qe
 ═ 

1

kqmaxce
 +  

1

qmax
 

Where Ce = the equilibrium concentration of adsorbate in the solution (ppm), qe = the amount of 

metal or dyes adsorbed per gram of the adsorbent at equilibrium adsorption (mg g–1), K is the 

Langmuir constant obtained from 
intercept

𝑠𝑙𝑜𝑝𝑒
  and qmax is the maximum metal adsorption capacity 

(mg g–1 ) or maximum monolayer coverage capacity (mg g–1) obtained from  
1

intercept
 ; both are 

i.e. K & qmax calculated from the plot 
1

   qe
 vs 

1

ce
 .  

To determine, the Adsorption process is favorable or unfavorable, a dimensionless constant 

separation factor or equilibrium parameter RL is defined according to the following equation. 

RL= 
1

1+kco
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Where KL is the Langmuir constant and Co (ppm) is the initial adsorbates concentration. The RL 

value indicates the adsorption process is irreversible when RL is 0, favorable when RL is between 

0 and 1, linear when RL is 1 and unfavorable when RL is greater than one [130]. 

Langmuir assumptions were made; (a) all sorption sites are uniform, (b) only one sorbate, (c) one 

sorbate molecule reacts with one active site , d) no interaction b/n adsorbed species [131]. 

2.9.2 Freundlich Adsorption Isotherm  

The isotherm assumes that the process of adsorption is multilayer and occurs onto the 

heterogeneous surface of the adsorbent process with stronger binding sites [132]. Moreover, 

increasing adsorption onto binding sites leads to a decrease in the binding strength of the adsorbent. 

This model is used to estimate the adsorption intensity of the adsorbent towards the pollutant. The 

Freundlich isotherm equation is as follows [133].  

 qe = kfce
1

n  

Where Kf is the Freundlich constant, which indicates the relative adsorption capacity of the 

adsorbent related to the bonding energy and n calculated as  
1

intercept
  , it  is the heterogeneity factor 

representing the deviation from linearity of adsorbent and is also known as Freundlich coefficient 

[134].The equation can be conveniently transformed to the following linearized form; 

log 𝑞𝑒 = log 𝑘𝑓 +
1

𝑛 
log 𝑐𝑒 

Where qe is the adsorbate concentration on activated carbon derived from water hyacinth leaf at 

equilibrium/ the amount of metal or dye adsorbed per gram of the adsorbent at equilibrium (mg g–

1), Ce (ppm) is the concentration of adsorbate in solution at equilibrium, Kf and  
1

n
  (slope) are 

Freundlich constants related to adsorption capacity & adsorption intensity respectively. The higher 

values of kf   show the greater dependency for adsorbate. The values of  
1

𝑛
 between 0 <  

1

𝑛
  < 1 

indicate that the adsorption process is favorable &  
1

n
  ranging between 0 and 1 is a measure of 
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surface heterogeneity becoming more heterogeneous as its value gets closer to zero and a plot of 

log qe against log Ce gives a straight line with slope  
1

n
  and logKf as intercept [135]. 

2.10 Adsorption Kinetics  

Studies the rate of adsorption and careful examination of the conditions of the experiment affecting 

the rate of the reaction and the data obtained from this study are fitted into different models like 

pseudo-first-order and pseudo-second-order among others [136].  

2.10.1 Pseudo First Order Model 

The pseudo-first-order kinetic model is one of the foremost models used to report the kinetics 

taking place between the liquid and solid phase in an adsorption process [137] .The non-linear and 

linear form of the pseudo-first-order kinetic model is expressed by the f/f equation [138]. 

dqt

dt
= k1(qe − qt)   

Where qt is the amount of adsorbate removed at time t in (mg g–1), qe is the adsorption capacity at 

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

𝑙𝑛(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1 × 𝑡̇  

It can be rearranged to 𝑙𝑜𝑔( qe −qt) = log qe −
kp1

2.303
𝑡 

From the plot of log (qe −qt) vs t, k1 can be determined from the slope. 

2.10.2 Pseudo- Second-Order Model  

This model is also frequently used in explaining the adsorption kinetics between liquid and solid 

materials in any adsorption process. Most of the time this equation is used when the first-order 

model fails [139]. 

The non-linear and linearized form of the kinetic model is illustrated in the f/f equation[138]. 
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dqt

dt
 = k2(qe − qt)2   (non-linear) 

 
1

    (qe−qt)
 ═  

1

qe
  + k2t    (linearized)  

Where qt is the amount of adsorbate removed at time t (mg g–1), qe is the adsorption capacity at 

equilibrium, K2 is the pseudo-second-order rate constante determined from the intercept of the 

plots of t/qt against t and t is the contact time (min). 

t

q
t

=
1

k2qe2
+

t

qe
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3 MATERIAL AND METHODS 

3.1 Study Area 

Bahir Dar City is located in North Western Ethiopia approximately 565 km from Addis Ababa, 

which is the capital city of Amhara National Regional State (ANRS). The Experiment was 

conducted at the Department of Industrial Chemistry, Bahir Dar University. The adsorbent 

material was collected from Abay River and the wastewater were also collected from Bahir Dar 

tannery & textile industry in Bahir Dar, Ethiopia.  

3.2 Instrument and Equipment  

The apparatus and equipment that have been used during this research work are mentioned below. 

To investigate the crystallinity structure of the ACDWHL, XRD (X-ray diffractometer, 

XRD7000(2θ angles) using Cu kα radiation (λ=1.54 Å or 0.154nm), scanning speed = 

0.03(degree/min)) has been employed. To determine the concentration of Cr (VI) and MB UV –

Vis-spectrophotometer (UV–Vis, DR–6000) was used.  To determine the specific surface area, 

pore volume and pore diameter of a material, BET (Brunauer-Emmett-Teller (BET) /NOVA – 

4000E)) analysis has been done & the material to be analyzed was first degassed (heating to a 

temperature of 77.35°k and kept for a minimum of 103.2min) in the presence of nitrogen to 

eliminate moisture and carbon dioxide that may be present. To determine the availability of the 

functional groups on the surface of ACDWHL FTIR (FTIR Spectrometer, JASCO) (scanned over 

the range of 400-4,000 cm-1) has been carried out.  pH meter, Digital electronic balance, Drying 

Oven (India advanced technology Inc) name, Furnace (ME2.5-12GJ China), Magnetic stirrer, 

Pipettes, spatulas, Erlenmeyer flask, beaker, test tube, mortar and pestle, glass rod, volumetric 

flask and different types of beakers was used.  

3.3 Chemicals and Reagents  

The chemicals and reagents that have been used during this experimental work are: 1,5 diphenyl 

carbazide (98% purity), deionized water, potassium dichromate (99.7% purity), hydrochloric acid 

(37% purity), potassium hydroxide (85% purity), sulphuric acid (98% purity), acetone (99.9%), 

methylene blue dye (99.9% purity), zinc chloride (99.9 % purity) and sodium chloride (99.5% 
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purity was used for the determination of points of zero charge). All chemicals used in this study 

were analytical grade and used without any further purification.  

3.4 Methods 

3.4.1 Sample Collection and Preparation 

3.4.1.1 Collection and Preparation of Real Contaminated Water Samples  

The wastewater samples were collected from Bahir Dar tannery and textile industry from pre-

treatment and post-treatment sites, which are located around Bahir Dar City, Ethiopia. As one of 

the objectives of this study was to make recommendations on the treatment effectiveness of the 

wastewater treating mechanism used by the tannery and textile with respect to the content of 

chromium and methylene blue, the samples were collected from two sites, i.e., from pre-treatment 

site and post-treatment site. Figure 7 show the photograph captured during the collection of the 

pre- treatment and post -treatment tanning samples site. Figure 7a shows the sample was the sample 

collected from the release point of the tanning and textile process as the effluents were eliminated 

from the tanning and textile tank before it gets diluted as it mixes with the wastes of other 

processing components. The effluent has a characteristic of dark-green color (which maybe, an 

indication that the sewage contains chromium) and unpleasant odor whereas MB effluent has a 

blue like mud or dust color. 

 

Figure 7: a) the pretreatment,  b) post-treatment of the real tanner wastewater sample.  
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The sample which was collected at the outlet of the wastewater is shown in figure 7b. This site of 

sample could be called as post-treatment site. The color of the sample collected from tannery was 

partially different from the pre-treatment site sample i.e., its color was not dark-green; its color 

like a color of water mixed with mud or dust in addition to its odor was bad (hydrogen sulphide 

smell) even after days as it was being kept in the laboratory. But the color of  methylene blue after-

treatment was like water color. 

3.4.1.2 Real Sample Preparation for UV–Vis, Analysis 

The wastewater was collected by a polyethylene container, that is pre-washed with diluted nitric 

acid (0.1M), and immediately transported to the laboratory for the experiment. To determine the 

concentration of Cr (VI) and MB in the effluent of tannery and textile the wastewater was firstly 

sedimented to remove the suspending ingredients(figure 8a). Then the upper part of the suspension 

and suspended solid of the effluent was filtered using the Whatman (11μm) filter paper[140, 141] 

(figure 8b). The same procedures have been followed for both samples of pre-treatment and post-

treatment sites. The preparations were made in different conical flasks simultaneously. We took 

50 mL solution in each batch (pre-treatment and post-treatment) and added the optimized amounts 

of dose = 150 and 206 mg, time = 120 & 90 min, pH = 2 and 10 was used to test the efficiency of 

the adsorbent in the real samples of Cr (VI) and MB, respectively. To determine chromium (VI) 

selectively, 50 mL of a sample of pre-treatment and post-treatment were taken into a separate 250 

mL volumetric flasks and then, 2 mL of 2 M H2SO4 and 1 mL 1, 5-Diphenylcarbazide solutions 

were added to each flask[142]. The solutions were allowed to stand for about 10 min until it 

develops color.  
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Figure 8: a)  Sample sedimentation, b) Samples filtration  from tannery & textile effluents  . 

3.4.1.3 Preparation of Standard, working and Stock Synthetic water samples  

Potassium dichromate (K2Cr2O7) and methylene blue (C16H18ClN3S) was used as the source for 

stock solution. The standard stock solution of both chemicals was (1000 ppm) which was prepared 

by dissolving 2.828 g K2Cr2O7 [143] and 0.5% MB, respectively in 1000 mL of distilled water. 

Standard solutions (for calibration) of potassium dichromate and methylene blue with different 

concentrations were prepared from the stock solution by appropriate dilutions, that is [0 (blank),1, 

5, 10, 15, & 20] ppm in 50 mL volumetric flask up to the mark for each (figure 9 a and b).  

For potassium dichromate a series of five standards containing [1, 5, 10, 15 & 20] ppm was 

prepared in 50 mL volumetric flasks and acidified with 2 mL of 2M H2SO4. Then a freshly 

prepared 1 mL of 1, 5–Diphenyl carbazide was added to each standard. Pink color was formed 

immediately in which the intensity of the pink color was increased with concentration. Figure 9 

shows a series of standard solutions ready for color comparisons in the analysis using color 

comparison and for calibration curve construction in the analysis of the analyte by UV-visible 

spectrophotometer. A graph of absorbance versus concentration of the standards (calibration 

curve) was displayed under the section of results and discussion. 
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Figure 9: A Series of standard solution for Cr(VI) a)  and  MB b). 

In order to make a solution of 1, 5-Diphenylcarbazide, 250 mg of 1, 5-Diphenylcarbazide powder 

was placed into a 100 mL volumetric flask and completely dissolved with acetone before being 

entirely filled with distilled water [53]. For each experiment, a freshly produced dye (that is DPC) 

has been used. The prepared dye was covered with aluminum foil to prevent it from the exposure 

of sunlight. The concentration of the working solution of potassium dichromate and MB has been 

prepared by diluting the standard solution and it becomes; 2, 4, 6, 8 & 10 ppm in 50 mL volumetric 

flask and filled with water up to the mark. 

3.4.2 Preparation and Characterization of Adsorbent Material  

3.4.2.1 Preparation of Adsorbent  

 

Figure 10: Water hyacinth taken from the  Abay River. 
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The activated carbon was prepared from the water hyacinth leaf which was brought from the Abay 

river (figure 10 a and b). Firstly, the water hyacinth leaf was cut into pieces and washed with tap 

water several times followed by drying it with sunlight for four days. Again, the dried water 

hyacinth leaf pieces were washed with deionized water several times and dried in an oven at 110 

oC for 12 hr. Then, the dried water hyacinth leaf was carbonized at 400 oC, 500 oC & 600 oC for 

2hr, in a muffle furnace. After carbonization process it was cooled down overnight, (then 

impregnate with 1:1 ratio (w/w) for each temperature and tested the efficiency to select the 

optimum temperature for the next steps). Three different impregnation ratios of ZnCl2 solution 

were used to impregnate the carbonized sample which was ZnCl2: carbonized sample (w/w) that 

is (1:1, 2:1 and 1:2). Then, the solution was stirred & heated at 80 oC for 2 hrs, and it was then left 

for 24 hr, at room temperature to increase rate of activation.  

The settled down solution was filtered to remove the excess activating agent . Subsequently, it was 

washed with 1M HCl solution to remove zinc and other species followed by washing several times 

with distilled water. The obtained material was dried in an oven at 110°C for 12 hrs. Finally, it 

was heated at 7000C for 2 hrs that is to increase the activation sites. The prepared material 

(ACDWHL) was ground using mortar and pestle. The powdered material was packed with plastic 

bag for further steps. 

3.4.2.2 Characterization of Activated Carbon Derived from water hyacinth leaf  

Basic physical characteristics of ACDWHL such as moisture content, volatile matter, carbon yield 

and ash content were examined. The XRD and FTIR were used to study the crystal structure and 

functional groups of ACDWHL, respectively. The BET was used to determine the surface area, 

pore volume and pore size of ACDWHL.  

3.4.2.3 Moisture Content (Mc) 

The moisture content was determined by loss on drying method 2000 mg of equally grinded 

ACDWHL was accurately weighted   and placed into a clean crucible of a known weight. Then 

the crucible containing with a known weight of the ACDWHL was incubated at 110oC in an oven. 
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After 8 hrs, the weight of the ACDWHL and the crucible was weighted and finally, moisture 

content was calculated using the following equation [144].  

Mc (%) = 
𝑊𝐵−WA

𝑊𝐵
× 100 

Where Mc is the moisture content of the ACDWHL in percentage, WB is weight of the sample 

before drying and WA is weight of the sample after drying.  

3.4.2.4 Ash Content (Ac)  

The ash content of the ACDWHL was determined by weighting  2000 mg of ACDWHL and placed 

in dried crucible. The crucible containing the sample was put in to a muffle furnace at temperature 

of 500oC for 1:30 hrs. Finally, the crucibles removed from the furnace and ACDWHL sample was 

weighed and the percent of ash content calculated by using the following equation [144]. 

Ac (%) = 
WB−WA

WB
× 100 

Where Ac is ash content in percent, WB is weight of the ACDWHL sample before heating and WA 

is weight of the sample after heating.  

3.4.2.5 Volatile Mater (Vm)  

2000 mg of the ACDWHL sample was taken and placed in a dried crucible and heated in a muffle 

furnace adjusted at 700°C for 10 min. Then the crucible was cooled and weighed. Finally, the 

volatile matter of the ACDWHL was calculated by using the following equation [145]. 

Vm (%) = 
WB−WA

WB 
× 100 

Where Vm (volatile matter of the ACDWHL in percentage), WB is (weight of the ACDWHL sample 

before heating) and WA is (weight of the sample after heating).  
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3.4.2.6 Carbon Yield (Y) 

 Carbon yield is the ratio of weight of the sample after carbonization (4.63g) to the weight before 

carbonization (8.0g) and it tells us how much of the precursor is changed through the carbonization 

process. The Carbon yield were calculated by using the following formula. 

Y=
𝑊𝐴

𝑊𝐵
× 100  

Where: Y (Carbon Yield), WB (was dried weight before carbonization) and WA (was the dried 

weight of water hyacinth leaf after carbonization). 

3.4.2.7 Point of Zero Charge (pHpzc)  

The point of zero charge (pHpzc) of the activated carbon was a function of pH and it is a pH at 

which the charge of the solid surface is zero and the adsorbent would be positively or negatively 

charged below or above pHpzc value respectively and expected to adsorb anionic and cationic 

charged species [146]. The point of zero charge (pHpzc) of the activated carbon was determined 

by the solid addition method [147]. To determine the point of zero charge of ACDWHL, 0.1 M of 

NaCl solution with the initial pH values ranging from 1 to 12 was prepared. The pH was adjusted 

by using 0.1 M HCl and 0.1 M KOH solution. Then, 200 mg of ACDWHL was added to each 

solution and it was covered immediately with aluminum foil. The mixture of the solution was 

shaken for 3 hrs and settled down for 24 hrs [146]. Then the solutions were filtered. The final pH 

values of all solution were measured and ΔpH was made by subtracting the initial pH from the 

final pH values. The graph was plotted by using the initial pH values against ΔpH. From the plotted 

graph a point of intersection of the resulting curve `with the X-axis has given the pHpzc value 

[146]. 

3.4.3 Determining the Concentration of Cr (VI) & MB by using UV-Vis  

UV-Vis spectrophotometer investigation has been carried out to determine the concentration of 

chromium & methylene blue before and after the addition of ACDWHL. The UV-Vis was 

calibrated between 1 ppm – 20 ppm (with 5ppm difference). The maximum wavelength was: λmax 

= 543 nm & 664 nm for chromium & methylene blue respectively. To determine the concentration 

of Cr (VI) the following methodology was used. Firstly, 250 mg of 1, 5- diphenyl carbazide was 
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dissolved in 50 mL acetone solution, then, 2 mL of 2 M H2SO4 (The acid is required because the 

dye can bind to chromium more effectively in an acidic environment) and 1 mL of diphenyl 

carbazide have been added[53]. Finally, the UV-Vis measurement has been done to determine the 

concentration of Cr (VI) at 543 nm. 

3.4.4 Determination of the Adsorption Efficiency of the ACDWHL 

Batch methods were used to measure the adsorption at room temperature. The batch adsorption 

experiments were carried out at a desired pH value, contact time, initial concentration and 

adsorbent dose. The pH of the solution was adjusted by adding 0.1M of HCl and 0.1M KOH. Then, 

200 mg of ACDWHL was added into a flask containing 50 mL of potassium dichromate and 

methylene blue solution separately. The solution was stirred for desired time with 200 rpm at room 

temperature. The concentrations of Cr (VI) and MB were determined after filtration. Adsorption 

efficiency of chromium and MB adsorbed per gram of adsorbent were calculated using the 

following equations respectively[148]. The final result used to plot the graph. 

% R = 
𝐂𝐨−𝐂𝐟 

𝐂𝐨 
× 100 

Where; %R is percent removal, Co is initial concentration and Cf concentration after adsorption  

qe = 
(𝐂𝐨−𝐂𝐟)×𝐯 

𝐦
 

Where qe is metal removal in mg g–1, Co is initial concentration, Cf concentration after adsorption, 

m is adsorbent mass in gram and v is volume of solution used during the experiment.  

3.4.5 Optimization of the Batch Adsorption Experiment  

All batch adsorption experiments were conducted at room temperature. For the batch experiment 

50 mL of known chromium (VI) and methylene blue with known adsorbent dose which are 50–

250 mg were placed in a 250 mL volumetric flask. The pH of chromium (VI) (1-8) and for 

methylene blue (6-14) was used. The pH was adjusted using 0.1 M HCl and KOH. The solution 

was placed on a magnetic stirrer at room temperature followed by stirring at 200 rpm for about 30 

min – 180 min.The concentration of Cr (VI) and MB was measured using UV-Vis 

spectrophotometry at 540 nm and 664 nm, respectively.  
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3.4.6 Parameters Affecting the Adsorption 

3.4.6.1 Effect of pH  

The adsorption of chromium (VI) and methylene blue depends on the solution pH which influences 

the electrostatic binding of ions to correspondent metal and dye groups. Change in pH influences 

the adsorption process through isolation of functional groups as the active sites on the surface of 

the adsorbent. The optimization of pH is necessary, so the effect of pH was studied in the range of 

1-8 and 6-14 for chromium (VI) and methylene blue, respectively. For this purpose, 50 mL of the 

working solution (10 mg/l) was poured into different volumetric flasks and pH was adjusted from 

1 – 8 & 6 – 14, (1, 2, 3, 4, 5, 6, 7, 8 & 6, 8, 10,12,14 respectively for chromium (VI) and MB) by 

adding 0.1M HCl and 0.1M KOH drop wise. Then the selected dose of 200 mg adsorbent was 

added and agitated at 200 rpm for 90 min. Finally, the remaining chromium (VI) and methylene 

blue concentration was analyzed in the filtrate and one optimum pH value was selected for each at 

which the maximum removal occurs. 

3.4.6.2 Effect of Dose  

The effects of adsorbent doses were studied at optimum pH (2 & 10) on chromium (VI) and 

methylene blue by varying the adsorbent dose in milligrams of 50, 100, 150, 200 and 250 mg. The 

experiment was carried out by measuring 50 mL of the working solution contains 10 mg/L of the 

initial concentration of chromium (VI) and methylene blue into 250 mL of flask. The pH was 

adjusted using 0.1M KOH or 0.1M HCl and agitated with 200 rpm at 90 min. The mixture was 

filtered immediately through a Whatman filter paper. Finally, the filtrate was analyzed to evaluate 

the amount of chromium (VI) and methylene blue adsorbed on ACDWHL by using UV-Vis 

spectrophotometry at 540 nm and 664 nm, respectively. The Chromium (VI) was specifically 

tested with a complexing agent which was called 1, 5 DPC.  

3.4.6.3 Effect of Concentration  

To study the effect of the initial concentration of chromium (VI) and methylene blue, experiment 

was conducted by considering all the parameters keep at the optimum value and by changing the 

initial concentration of chromium (VI) and methylene blue. The experiment was performed by 
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using 200 mg adsorbent dose loaded into 250 mL volumetric flask containing 50 mL of chromium 

(VI) and methylene blue working solution with initial concentration of (2, 4, 6, 8 & 10 ppm). The 

pH of the solution was adjusted using 0.1M KOH and 0.1M HCl. The solution was agitated at 200 

rpm for 90 min. The mixture was filtered immediately. Then the filtrate was analyzed to evaluate 

the amount of chromium (VI) and methylene blue adsorbed on ACDWHL by using UV-Vis 

spectrophotometer at 540 nm and 664 nm, respectively. In this step, 1, 5-DPC was also used as a 

complexing agent for Chromium (VI).  

3.4.6.4 Effect of Contact Time  

The effect of contact time was studied by varying the agitation time from 30, 60, 90, 120, 150, and 

180 min. The experiment was carried out by measuring 50 mL of the initial working chromium 

(VI) and methylene blue solution with a concentration of 10 ppm in 250 mL volumetric flask. The 

solution was adjusted to the optimized pH using 0.1M KOH or 0.1M HCl with a dose of (200 mg) 

ACDWHL was added to each flask and then agitated at optimum speed 200 rpm. The mixture was 

filtered and then the filtrate was analyzed to evaluate the concentration of chromium (VI) and MB 

adsorbed on ACDWHL by using UV-Visible spectrophotometer at 540 and 664 nm, respectively. 

For Cr (VI), the complexing agent was 1, 5- DPC. 

3.4.7 Adsorption Isotherm  

To study the adsorption isotherms the optimum conditions which were found from previous 

optimization experiments was applied only by varying initial concentration of chromium (VI) and 

methylene blue. These experiments were carried out using adsorbent initial concentration in the 

range of 2 ppm to 10 ppm with a 2-ppm difference. For each adsorbent initial concentration 50mL 

of sample was taken at optimum conditions. The data from the experiment were fitted into 

Langmuir and Freundlich  [149].  

3.4.8 Adsorption Kinetics Study  

Kinetic study of the adsorption was conducted at constant ACDWHL dose, pH, chromium (VI) 

and methylene blue concentration and agitation speed with different time. This study was done by 

taking 50 mL of chromium (VI) and methylene blue working solution which contains 10 ppm of 

chromium (VI) and methylene blue concentration in a separate set of flasks of 250 mL capacity 
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and the adsorbents were added to these at an optimal dose of 150 and 200 mg chromium (VI) and 

methylene blue). The sample were adjusted to optimum pH (2 &10) using 0.1M of KOH or 0.1M 

HCl and shaken on a shaker at 200 rpm. The experiments were carried out for the duration of 

agitation time (30, 60, 90,120, 150, and 180 min), after the formation of equilibrium, filter and 

analysis using a UV-Visible spectrometer. For the kinetics of chromium (VI) and methylene blue 

adsorption on ACDWHL, 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 (R2). The model with a relatively 

high correlation coefficient value is fit for describing the adsorption kinetics process [150]. 
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4 RESULTS AND DISCUSSION 

4.1 Characterization of the Adsorbent 

4.1.1 Proximate Analysis of the Activated Carbon 

The proximate analysis of the activated carbon obtained from water hyacinth leaf was done in 

order to identify its moisture content, volatile matter, ash content and carbon yield of activated 

carbon produced. The proximate analysis was carried out using an oven and muffle furnace. The 

result obtained is shown in table 2. The detailed calculation was also indicated in appendix 7B. 

Table 2 Proximate analysis of activated carbon (ACDWHL). 

Proximate analysis  Mass in % after proximate analysis 

Moisture 6.3 ± 1.26 

Volatile mater 27.3 ± 3.2 

Ash content 11.2 ± 1.259 

Carbon yield 56.4 ± 1.4 

A small amount of moisture and ash content is better for chemical treatment because sample with 

higher moisture content needs more heat to evaporate the  moisture [151]. High ash content also 

affects the chemical treatment which would reduce the overall activity of the adsorbent. This 

implies that, the lower the ash content, the better material for chemical treatment. The moisture 

content for ACDWHL recorded was 6.3 ± 1.26. The result coincides with the Plantain (Musa 

paradisiaca) fruit stem 7.33 ± 1.5 % of moisture content that has been reported previously [144].  

This concludes that the prepared activated carbon has a good quality. As the content of the moisture 

is lower, the effectiveness of the adsorbent is becoming higher, this is due to water molecules 

would have the potential effect of filling the adsorbent binding site before it contacts with the 

solution (adsorbate), this reduces the efficiency of the activated carbon. Therefore, the prepared 

activated carbon produced was stored in air tight bag, otherwise it might adsorb moisture content 

from the environment. The volatile matter and carbon yield of the ACDWHL was 27.3 ± 3.2 & 

56.4 ± 1.4, whereas the ash content was 11.2 ± 1.259. The ACDWHL has higher volatile matter 
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content (showed that some of the organic molecules of the material was attacked and it is important  

for adsorption experiment) and low ash content of a biomass resource makes it a good material or 

activated carbon. For example, from the previous report, activated carbon obtained from Plantain 

(Musa paradisiaca) fruit stem shows 31 ± 6.08 % of ash content and 32.33 ± 1.15 % volatile mater 

[144]. The volatile mater and ash content values obtained from ACDWHL is desirable for the 

adsorption of Cr (VI) and MB. Generally, the lower the ash value, the better the activated carbon 

for use as an adsorbent [144].  

4.1.2 Effect of Activation Process on the Preparation of Activated Carbon 

The carbonization of the material was done at 400, 500 and 600°C for 2hr. After the carbonization, 

the obtained material was mixed with the activating agent (ZnCl2) with 1:1 ratio. The mixture was 

heated at 7000C for 2 hr, to enhance the activation sites of the material. Finally, the percentage 

removal of the material obtained at the three temperatures was performed by removed Cr (VI) in 

the 10 ppm solution and the result obtained at 400, 500 and 600oC was 61,73.6 & 71.5% . 

The lower efficiency at 400 oC was due to the incomplete combustion of the material, which 

reduces the active sites. Moreover, the lower efficiency of the material at 600 oC compared with 

500 oC would be the decomposition of the functional groups that would interact with Cr (VI) that 

are available in the material.  

Therefore, based on the results obtained the carbonization temperature at 500°C was selected for 

subsequent experiments. For the preparation of activated carbon, three impregnation ratios have 

been used and as the result is summarized below. 

Table 3  Effect of impregnation ratio in the activated carbon preparation. 

Trial Impregnation Ratio 

(ZnCl2 : carbonized material) 

Temperature  Time %Removal 

1 1:1  

500°C 

  

2 hrs 

74 

2 2:1 71.65 

3 1:2 75.5 
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4.1.3 Point of Zero Charge (pHpzc) 

The point of zero charge (pHpzc) is defined as the pH of the mixtures at which surface charge on 

the material is zero (the surface of material has net electrical neutrality) and its value was 

determined by the solid addition method [147]. The pHpzc values for the activated carbon 

(ACDWHL) was 5.4. The pHpzc value at 5.4 indicates that the ACDWHL surface has the presence 

of acid functional groups. In addition, the values of pH < 5.4, implies that the dominancy of acidic 

functional groups compared with the basic. The positive charge on the surface of the ACDWHL 

could be obtained at pH below the pHpzc value and the negative charge on the surface of the 

ACDWHL could be obtained at pH levels above the pHpzc value. A positive charge of ACDWHL 

favorable to the uptake of negative charge (anionic) species on the other hand negative charge of 

ACDWHL favorable to the uptake of positive charge (cationic) species. During the study of 

adsorption test, the investigation of the pHpzc value would help to select the pH value of the 

medium. Hence the percent adsorbent removal capacity increased below and above pHpzc value 

for anionic and cationic species [147]. Figure 11 Show the point of zero charge (pHpzc) of the 

activated carbon derived from water hyacinth leaf was 5.4 and at this point the surface of 

ACDWHL is neutral but below and above this point the surface of ACDWHL is positively and 

negatively charged respectively which attracts the negatively charged chromate ion and the 

positively charged methylene blue ion and this results the increasing  of adsorption. 

 

 

 

 

 

 

Figure 11: Point of zero charge (pHpzc) of the ACDWHL. 
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4.1.4 FT-IR Analysis    

The spectra of activated carbon derived from water hyacinth leaf before and after the adsorptions 

of Cr (VI) and MB ions were used to detect changes in the vibration frequencies of the functional 

groups. Figure 12 shows the FT-IR spectra of the activated carbon derived from water hyacinth 

leaf. The spectra of adsorbent were measured between wave number ranges from 400-4000 cm–1. 

The functional groups such as carboxyl (COOH), amine (–NH2) and hydroxyl (OH–) have the main 

role in absorbing Cr (VI) and MB specially hydroxyl, amine, C═O and C─O groups are the main 

effective on adsorption of Cr (VI) and MB ions. The broad band in the region around 3423 cm-1 is 

corresponding to the surface hydroxyl of bonded carboxylic acid and (–N–H) groups [152]. The 

O–H stretching vibrations present within a broad range of frequencies indicates; the presence of 

bonded O–H bands in carboxylic acid group on the surface of ACDWHL. The peak at 2356 cm–1 

was associated with existence of C≡N (nitriles) [53].The peaks at about 1615 cm–1 could be due 

to C=O stretching of carbonyl group, which suggests carboxylic acid [153]. The peak at about 

1039 cm–1 corresponding’s to the stretching vibration of C–O, C–N or C–H group in carboxylic 

acid, amine and alcohol [152]. Both of the hydroxyl and carboxylic acid functional groups present 

in the structure of the adsorbent can be achieved by deprotonation and protonation making it to 

interact with metals and dyes easily and therefore may be the major adsorption sites for the removal 

of hexavalent chromium and MB ions from solutions [152].The FTIR spectrum of the activated 

carbon derived from water hyacinth leaf obtained after the  adsorption of chromium (VI) and MB 

ions is shown in figure12. The FT-IR spectrum of ACDWHL before and after adsorption shows, 

shift in wave number and intensity. Before adsorption of chromium (VI) and MB ion there was a 

peak formation at a wave number 3423,2356,1615 and 1039cm–1. After chromium (VI) and MB 

adsorption the peaks shifted to 3439, 2352, 1615 and 1087 cm–1 for chromium (VI) and 

3447,2369,1638 & 1046 cm–1 for MB. These shift in wave number show that the hydroxyl, amine, 

carbonyl and carboxylic group involved in the adsorption of chromium (VI) and MB ions. 

Therefore, the functional groups of OH–, C≡N– H, C=O, –N–H and –CH groups in water hyacinth 

leaf would participate to interact with chromium (VI) and MB ion, involving the mechanism of 

surface complex, hydrogen bonding and electrostatic attraction. 
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Figure 12: FTIR analysis of ACDWHL before and after adsorption of Cr (VI) & MB. 

4.1.5 XRD Analysis 

 X-ray Diffraction (XRD) analysis was carried out to study the crystalline structure of the material 

prepared. The XRD-result of ACDWHL, ACDWHL-Cr and ACDWHL-MB is shown in Figure 

13. For ACDWHL, the observed peaks were at 32˚, 34.7˚, 36.5˚, 47.9˚, 56.8˚, 63.2˚ and 68.2˚, 

which indicate that the presence of graphitic carbon in ACDWHL. XRD analysis of ACDWHL-

Cr and ACDWHL-MB after the adsorption, which shows a formation of a sharp peaks, change in 

intensity of peaks that is some peaks are decreased and some are constant and also there is a shifting 

of angles which confirms the adsorption of chromium (VI) and MB ions by ACDWHL.       
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Figure 13: XRD analysis of ACDWHL before and after adsorption of Cr (VI) & MB.  

4.1.6 BET Surface Area Measurement 

Surface area, pore size and pore volume are the three significant physical properties that affect the 

quality of adsorbents. The adsorbents with smaller pore size have a higher capacity in the 

adsorption process with large exterior surface. The adsorption increases as the adsorbent size 

decreased, because the surface area increases when the adsorbents size decreases. There are three 

classifications of the pore size of a material shown in table 4. 

Table 4 Pore classification on the basic of pore diameter. 

Types of pores Diameter 

Micropores DP < 2 nm 

Mesopores 2 nm ≤ DP < 50 nm 

Macropores DP ≥ 50 nm 

The BET surface area of ACDWHL, pore volume and average pore diameter were observed to be 

616.387 m² g–1, 0.2064 cm3 g-1 and 0.2261nm respectively, from this the pore diameter of 

ACDWHL indicating that the formation of micro pore diameters. The resulting large surface area 

was in the range (500-1500 m2/g) [87]. So, the higher the surface area the better the adsorption 

performance of ACDWHL [154]. Therefore, the BET analysis of the selected adsorbents would 

assist Cr (VI) & methylene blue, adsorption capacity or adsorption studies. 

4.2 Effect of Adsorption Parameters   

4.2.1 Calibration Curve Plotted for Chromium (VI) & Methylene Blue Adsorption 

The calibration curve plotted for chromium (VI) and methylene blue at a wave length of 543 and 

664 nm respectively were obtained from standard solutions of potassium dichromate and 

methylene blue with different concentrations and the corresponding absorbance result is shown in 

table 5. It is important to determine the unknown concentration of Cr (VI) and MB.  

 

 



42 

 

Table 5 The Cr (VI) & MB standard concentration with absorbance. 

Initial concentration (ppm) 

Absorbance 

chromium (VI) Methylene blue 

1 0.545 0.12 

5 1.028 0.5 

10 1.322 0.92 

15 1.657 1.36 

20 2.035 1.78 

 

Figure 14: Calibration curve for hexavalent chromium & methylene blue solution. 

4.2.2 Effect of pH on Chromium (VI) & MB Adsorption 

The effect of pH on the adsorption of chromium (VI) & MB by ACDWHL was carried out with 

the pH range from 1-8 and 6-14, respectively. To run this parameter: adsorbent dose = 200 mg, 

contact time= 90 min, initial concentration = 10 ppm and stirring speed =200 rpm was taken as 

constant for both adsorbates.  
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Figure 15: Effect of pH on MB removal by ACDWHL. 

Figure 15, shows that  difference in the percentage removal of the MB dye from aqueous solution 

with ACDWHL, (pH = 6 – 14). The percentage removal of MB dye significantly increased from 

66.48 % to 87.97 % as the solution pH increased from 6 to 14. This shows that the basic medium 

is more favorable than the acidic medium for the adsorption of MB dye. The high pH value 

indicating that the OH– ion concentration increasing  through the surface of ACDWHL. This leads 

to exist a strong electrostatic attraction between the positively charged cationic dye and the 

ACDWHL, which results in maximum adsorption of the MB dye.  

On the other hand, decreasing  in pH value leads to increase in the number of positively charged 

sites on the adsorbent surface(ACDWHL)[155]. Hence, the positively charged surface of 

ACDWHL doesn’t favor for the adsorption of cationic dyes. This is due to presence of electrostatic 

repulsion between the positively charged cationic dye molecules and the adsorbent surface leading 

to have lower adsorption of the MB dye. Finally, we deduced that pH = 10, is taken as the optimum 

pH value, since percentage removal didn’t show any significant increment above or below pH = 

10. At pH = 10 the percentage removal of MB was 90.62%. 
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Figure 16: Effect of pH on Cr (VI) removal by ACDWHL. 

The removal efficiency of the ACDWHL for Cr (VI) was higher at pH = 2 as shown in figure 16. 

After pH = 2 the removal efficiency was decreased and at pH = 8, minimum removals efficiency 

of ACDWHL was recorded. The removal efficiency of ACDWHL was decline from 75 % to 69 

% when the solution pH increased from 2 – 8. The reason behind to this is that at lower pH value 

adsorbent can easily protonate and generate positive net charge. The existence of large number of 

H+ ion at this pH value on the adsorbent surface that outcomes in significantly strong electrostatic 

attraction between positively charged adsorbent surface and chromate ions [156]. As the pH 

increased dual competition of both the anions (OH– and CrO4
2–) to be adsorbed on the surface of 

adsorbent. This indicates that ACDWHL is acceptable for the removal of chromium (VI) from 

aqueous or industrial effluent solution under acidic condition. Depending on the pH of the 

predominant species present, H2CrO4 exist at pH less than about 1, HCrO4
– and Cr2O7

2– at pH 

between 1 and 6 and CrO4
2– at pH above 6 [130]. This result clearly shows that the active form of 

chromium (VI) that can be adsorbed by the activated carbon resulting from water hyacinth leaf 

was HCrO4
– & Cr2O7

2–. Removal of chromium (VI) at different pH was also calculated in 

milligram of chromium (VI) adsorbed per gram of adsorbent. As it is observed from the obtained 

information, higher adsorption was observed at pH = 2 which is 1.89 mg g–1 and minimum 

adsorption was observed at pH= 8 which is 1.75 mg g–1. 
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4.2.3 Effect of Initial Concentration on Chromium (VI) & MB Adsorption 

The Adsorption of chromium (VI) and MB ion on ACDWHL as a function of initial concentration 

was investigated by changing the initial concentration of chromium (VI) and MB ion from 2ppm 

to 10 ppm by keeping all parameters constant with adsorbent dose = 200 mg/50mL, stirring speed 

= 200 rpm, pH of 2 and 10, time = 90 min and the outcome are denoted in figure 17.  

 

Figure 17: Effect of initial concentration on Cr (VI) & MB removal by ACDWHL. 

It is noted that, with an increase in the initial concentration of chromium (VI) and MB ion from 2 

ppm to 10 ppm, the percentage removal efficiency of chromium (VI) and MB ion was decreased 

from 84.4 to 74.08 % and 95.2 to 90.2%, respectively. Moreover, the amount of chromium (VI) 

and MB ion adsorbed on to the adsorbent increased from 0.4 to 1.85 mg g–1 & 0.4 to 2.3 mg g–1 

with an increase in the initial concentration of chromium (VI) and MB ions from 2 ppm to 10 ppm. 

When the concentration of Cr (VI) and MB decreases, the presence of the active sites of the 

adsorbent would be increased.  Therefore, the  adsorption of chromium (VI) and MB ions was 

dependent on the initial concentration of chromium (VI) and MB ions, which was confirmed with 

the previously report [53]. The percentage removal of chromium (VI) and MB ion decreased as 

the concentration of chromium (VI) and MB ion increased in the solution [130]. This is due to 

fewer active sites being presented to adsorb chromium (VI) and MB ions when concentration was 
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increased, because their sites saturate above a certain concentration. Therefore, at higher 

concentration of chromium (VI) and MB ion the percentage removal efficiency was decreased 

with corresponding initial chromium (VI) and MB concentration. 

4.2.4 Effect of Adsorbent Dose on Cr (VI) and MB Adsorption 

The effect of adsorbent dosage on the removal effectiveness of chromium (VI) and MB ion was 

examined over the range of adsorbent dose from 50, 100, 150, 200 and 250 mg, by keeping the 

optimum pH = 2 & 10, contact time= 90 min, stirring speed = 200 rpm and 10 ppm of chromium 

(VI) and MB concentration are constant. The outcome, shows that the percentage removal 

efficiency of chromium (VI) and MB was increased with an increasing in the adsorbent dose 

(figure 18).  However, the adsorption capacity was decreased from 7.4 to 1.6 mg g–1 and 8.12 to 

1.82 mg g–1, respectively when the adsorbent dose increased from 50 mg – 250 mg.   

 

Figure 18: Effect of adsorbent dose on Cr (VI) & MB removal efficiency by ACDWHL. 

Therefore, the percentage removal of ACDWHL was increased from 74.08 to 77.94 % & 81.20 to 

91.20% when the adsorbent dose increased from 50 to 250 mg /50 mL. When 150 & 200 mg dose 

was used, the effectiveness of the removal percentage for chromium (VI) and MB reached at the 

adsorption equilibrium. When the ACDWHL dosage increased after the optimum value, the 

adsorption removal percentage was not increased for both chromium (VI) and MB. The surface 
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area of the adsorbent dosage has a direct relationship with the active sites present in the ACDWHL. 

When the amount of the dose increased, the diffusion of chromium (VI) and MB molecules would 

be increased and it has not affected after the equilibrium was established. 

From this investigation, it is confirmed that the percent removal efficiency was increased with 

increasing the dose of the adsorbent. However, the adsorption capacity in mg g–1 was decreased 

with increasing the adsorbent dose for chromium (VI) and MB. It is evident that the optimum 

amount of ACDWHL for supplementary adsorption experiments are 150 mg and 200 mg dosage 

and the removal efficiency of Cr (VI) and MB was selected as 77.94% & 91.2%, respectively. 

4.2.5 Effect of Contact Time on Cr (VI) and MB Adsorption 

To study the effect of contact time on the adsorption of Cr (VI) and MB, the pH =2 & 10, 

concentration =10 ppm, dose = 200 mg and stirring speed = 200 rpm were considered as constant 

and the experiment was conducted with varying contact time from 30, 60, 90, 120, 150 and 180 

min. The result reveals that percentage removal of chromium (VI) and MB was increased with 

increasing in contact time. The percentage removal for chromium (VI) and MB was increased up 

to 120 and 90 min, respectively. However, when the contact time increased above 120 and 90 min, 

there was no change of the percent removal of chromium (VI) and MB. Moreover, the percentage 

removal of Cr (VI) and MB at 120 & 90 min was 74.97 & 91.07 %, respectively.  Hence, the 

optimum contact time which was determined are 120 and 90 min, since after this point there was 

no change of the percent removal.  

At the initial stages the high removal efficiency is due to the accessibility of large number of 

adsorption sites of chromium (VI) and MB is bound rapidly on adsorbent surface at a quick 

adsorption rate which saturated with time. The result shows that when the contact time increased, 

the adsorption of chromium (VI) and MB ion was increased (shown in figure 19). The adsorption 

capacity of chromium (VI) and MB from aqueous solution at different time interval was 1.75, 1.81, 

1.84, 1.88, 1.863 & 1.86 mg g–1 and 2.03, 2.12, 2.277, 2.27, 2.269 & 2.274 mg g–1 as contact time 

increased from 30, 60, 90, 120, 150 & 180 min, respectively.  
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Figure 19: Effect of contact time on the removal of Cr (VI) & MB by using ACDWHL. 

4.3 Adsorption Isotherm Study 

Adsorption isotherm study shows that how the adsorbate interacts with the adsorbent and how an 

equilibrium is established between the adsorbed chromium (VI) and MB solution after surface 

adsorption. The models can be used to describe the relationship between the chromium (VI) and 

MB that needs to be adsorbed and the adsorbent [130]. Based on a set of assumptions that are 

mainly related to the heterogeneity or homogeneity of adsorbents, type of coverage and possibility 

of interaction between adsorbate species. In this study, batch adsorption characteristics of Cr (VI) 

and MB removal with ACDWHL were conducted and the outcomes obtained from the 

experimentation were used to determine the better isotherm model that the adsorption process 

follows (Langmuir and Freundlich). 

4.3.1 Langmuir Adsorption Isotherm 

The isotherm model makes the qualitative assumption that after no additional adsorption has 

occurred, a monolayer of adsorbate has formed on the adsorbent's outer surface. This model states 

that there is no adsorbate transmigration on the surface after adsorption and that there is uniform 

energy of adsorption on the surface. The graph of 
1

Ce
 vs 

1

qe
 was plotted with varied equilibrium 

concentrations, as shown in figure 20 below, while the remaining parameters were unchanged. KL 
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is the Langmuir constant and qmax is the maximum adsorption capacity (mg g–1 ) which was 

calculated from the intercept and slope.  

 

Figure 20: Langmuir adsorption isotherm model for Cr (VI) & MB. 

Table 6 Langmuir adsorption isotherm parameters 

Parameters Cr(VI) MB 

qmax  0.463  2.568 

KL  0.18  2.53 

R2  0.9894  0.9828 

RL                                            0.7 to 0.36  0.17 to 0.04 

Equations    
𝟏

𝐪𝐞 
 = 0.463 

𝟏

𝐂𝐞
 + 0.18    

1

qe 
 = 2.568 

1

Ce
 - 2.53 

The RL (the separation factor) value was between 0 and 1 which indicating that the adsorption 

process for Cr (VI) and MB ion was acceptable by activated carbon (ACDWHL). The maximum 

adsorption capacity (qmax) determined by ACDWHL was 0.463 & 2.568 mg g–1 for Cr (VI) and 

MB, respectively. This implies that 0.463 & 2.568 mg of Cr (VI) and MB were absorbed per-gram 

of ACDWHL. The value of RL was from 0.7 to 0.36 & 0.17 to 0.04 for Cr (VI) and MB which 
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indicates that adsorption of chromium (VI) and MB on ACDWHL was a favorable adsorption. The 

value of R2 is 0.9894 for chromium (VI) which is greater than R2 value of Freundlich adsorption 

isotherm. Therefore, the Langmuir adsorption isotherm model is well fit with the experimental 

results of chromium (VI). Moreover, the value of R2 = 0.9828 for MB which is less than R2 value 

of Freundlich adsorption isotherm.  Because of this reason, the Langmuir adsorption isotherm 

model does not fit to describe the experimental result of MB. 

4.3.2 Freundlich Adsorption Isotherm 

The graph with log qe as the y-axis and log Ce as the x-axis was plotted in order to determine 

whether or not the Freundlich adsorption isotherm model fits to the experimental result. From 

linear equation, the value of Kf and 
1

n
 was calculated and the Freundlich adsorption isotherm 

equation was established. The smaller 
1

n
 values the greater the expected heterogeneity. If n , lies 

between one and ten or  
1

n
  was less than one, it shows a favorable adsorption process [157].  

The data in table 7 shows that the value of  
1

n
  was 0.689 and 3.155, while n becomes 1.45 & 0.32, 

this approves that the adsorption of chromium (VI) and MB ion on ACDWHL was favorable and 

the value of R2 are 0.9596 & 0.9978. From this conclude that MB adsorption data was fitted well 

to Freundlich adsorption isotherm model as compared to Langmuir. But for chromium (VI) the 

value of R2 is 0.9596 which is less than the R2 value of Langmuir adsorption isotherm. This 

confirms that the Freundlich adsorption isotherm model does not well fit to describe the 

experimental result of chromium (VI). 
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Figure 21: Freundlich adsorption isotherm model for chromium (VI) & MB. 

Table 7  Freundlich adsorption isotherm parameters 

Parameters Cr (VI) MB 

N 1.45 0.32 

𝟏

𝐧
 

0.689 3.155 

R2 0.9596 0.9978 

Kf 1.44 3.42 

Equation log qe = 0.689 log Ce + 0.159 log qe = 3.155 log Ce + 0.5344 

Generally, the isotherm parameters for each (Freundlich and Langmuir isotherm) respective 

models summarized in table 8. It shows almost higher correlation coefficient values, (R2 = 0.9596 

& 0.9978 for Cr (VI) and MB) were obtained for Freundlich isotherm model and (R2 = 0.9894 & 

0.9828 for chromium (VI) & MB) for Langmuir isotherm model. From those higher correlation 

coefficient values that is (R2 = 0.9894 & R2 = 0.9978 for Cr (VI) and MB respectively), which 

recommends that the adsorption of MB on the ACDWHL better fits with both models but, 

Freundlich model had a little higher R2 value and it showed that the adsorption process could be 

due to multilayer adsorption manner on heterogeneous surface of the adsorbent. And also, the 
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adsorption of Cr (VI) on the ACDWHL better fits with both models but, comparatively Langmuir 

isotherm model had a little higher R2 value and it shows that the adsorption process could be due 

to monolayer adsorption on the homogeneous surface of the adsorbent. 

Table 8  Adsorption isotherm parameters & coefficient of regression (R2) for Cr (VI)& MB. 

Isotherm  Models & Parameter Values 

Langmuir  Freundlich 

 qmax KL RL          R2 Kf nf R2 

Cr BM Cr MB   Cr   MB Cr MB Cr MB Cr MB Cr MB 

0.5 2.6 0.2 2.5 0.7 to 

0.4 

0.2 to 

0.04 

0.9894 0.9828 1.4 3.4 1.5 0.3 0.9596 0.9978 

4.4 Adsorption Kinetic study  

Describes the chromium (VI) and MB removal rate as a function of equilibrium contact time. The 

linear pseudo first and second order kinetics were verified in order to study the kinetic model of 

the chromium (VI) and MB ion adsorption by ACDWHL and to investigate that which adsorption 

kinetics would fit with the experimental data. The kinetic models were acquired using the optimum 

dose = 150 mg and 200 mg, over a wide range of time 30 - 180 min with 10 ppm initial chromium 

(VI) and MB concentration. 

4.4.1 Pseudo First Order Kinetic Model 

The graph of log (qe–qt) vs t was plotted and its linearity was seen by taking the value of the 

correlation coefficient into consideration. The values of k1 and qe were calculated from slope and 

intercept of the plot of log (qe–qt) vs t, respectively and table 9 summarizes the value of the kinetic 

parameters for first and second order. The pseudo first order plots of chromium (VI) and MB 

adsorption on ACDWHL for different time (30, 60, 90,120,150 & 180 min) are shown in figure 

22. The value of R2 for the pseudo first–order was, 0.5466 & 0.665 for chromium (VI) and MB, 

respectively which was lower as compared with the R2 value of pseudo-second order. The lower 

R2 value shows that adsorption of chromium (VI) and MB ion by ACDWHL does not follow 

pseudo first order kinetics.  
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Figure 22: Pseudo first order kinetic curve for chromium (VI) & MB. 

4.4.2 Pseudo Second Order Kinetics Model 

To determine whether adsorption mechanism is determined by pseudo second order or not the 

graph of  
t

qt
  vs  t was plotted and its linearity was observed by considering correlation coefficient 

value. The values of qe and K2 were calculated from slope and intercept of the plot of  
𝑡

qt
 vs t 

respectively. The pseudo second order plots of chromium (VI) and MB adsorption by ACDWHL 

for different time (30, 60, 90,120,150 & 180 min) are given in figure 23. The value of R2 for the 

pseudo second-order was higher compared with the R2 value of pseudo first order for both 

chromium (VI) and MB. Therefore, to describe the adsorption kinetics of chromium (VI) and MB 

ion by activated carbon, pseudo second-order adsorption model is more satisfactory, which shows 

that chemisorption is the rate limiting step. The calculated and experimental adsorption capacities 

are very close. This indicates that the validation and application of pseudo second order in the 

adsorption process was favorable [130].  
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Figure 23: Pseudo second order kinetic curve for chromium (VI) & MB. 

Table 9 Adsorption Kinetic parameters for chromium (VI) & MB 

Kinetic 

Model 

Parameters with respective value  

K1  &  K2 qe(cal) qe (exp)  R2 

Cr (VI) MB Cr (VI) MB Cr (VI) MB Cr (VI) MB 

1st order 1.3 × 10−2 1.54× 10−2 0.177 0.27 1.85 2.3 0.5466 0.665 

2ndorder 1.8 × 10–1 1.08 × 10–1 1.86 2.33 1.85 2.3 0.9997 0.9996 

4.5 Application of ACDWHL for Tannery and Textile Wastewater Treatment  

The sewage samples were taken from pre-treatment and post-treatment site outlet of leather and 

textile industry so called Bahir Dar leather and textile production. The concentrations of chromium 

(VI) and MB in the real water samples taken from pre-treatment and post-treatment site was higher 

than the permissible level of WHO standards (0.05 ppm for chromium (VI) as shown in table 10. 

The efficiency of the ACDWHL to remove Chromium (VI) and MB has been tested with real 

wastewater sample at the pre-treatment and post-treatment by keeping all the parameters constant 

with an optimum contact time =120 & 90 min, dose = 150 mg & 200 mg, pH =2 & 10, for 

chromium (VI) and MB, respectively. The concentration of chromium (VI) and MB in the real 

sample in the pretreatment was 4.465 ± 0.15 ppm & 10.306 ± 0.16 ppm and also in the post-

treatment the concentration was reduced to 3.16 ± 0.25 & 1.52 ± 0.05 ppm after adsorption at pH 
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2 and 10, respectively (shown in table 10). The maximum percentage removal efficiency was 

58.76% & 67.03% at pH 2 & 10 for chromium (VI) and MB respectively and the removal 

effectiveness decreased when compared to aqueous solution prepared in laboratory. This may be 

due to the existence of other metals and different matrix in tannery and textile sewage which 

competed with chromium (VI) and MB to adsorb on ACDWHL. This may be due the interfering 

ions such as anions namely SO4
2–, CO3

2–, NO3
–, Cl– and PO4

3– and cations, such as Ca2+, Mg2+, 

Cu2+ and Fe2+ [53].  

Table 10 Removal of Cr (VI) & MB from real water at optimized condition. 

Type of 

sample 

BTWW 

 

ATWW 

 

BTA WW 

 

ATAWW 

 

%Removal Adsorption 

Capacity 

BTA

WW 

ATA

WW 

BTA

WW 

ATA

WW 

TWW 4.47 ±0.15 3.16±0.25 2.082±0.15 1.3±0.2 53.4 58.76 0.8 0.62 

TXWW 10.3±0.16 1.52±0.05 6.2±0.13 0.5±0.02 40.4 67.03 1.03. 0.26 

4.6 Comparison of the Adsorbent with other Adsorbents 

The adsorption capacity and the percent removal for chromium (VI) and MB ion for the as-

prepared material has been compared with the previously work and shown in table 11. The 

percentage removal of chromium (VI) and MB, under this study were better as compared with 

most literature values. low cost and easily available adsorbent materials are selected for 

comparison.  
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          Table 11 Comparison of the percentage removal of d/f adsorbents for Cr (VI) & MB. 

For chromium (VI) Comparison 

Adsorbents Adsorption capacity (mg/g)  % Removal  Reference  

Oak wood charcoal 30.1 75 [158] 

Sunflower stem waste 4.81 76.5 [159] 

Red pine sawdust 8.3 87.7 [160] 

Waste newspaper 5.88 64 [24] 

Ragi husk __ 68.6 [161] 

Water hyacinth leaf 7.4 84.4 This work 

For MB Comparison 

Barley bran 63.2 80 [162] 

Oil palm wastes 24 78.58 [30] 

Enset midrib leaf 3.55 80 [162] 

Kola nitida 0.7871 94 [163] 

Tea waste 13.15 90 [164] 

Water hyacinth leaf  8.12 95.2 This work 

4.7 The Adsorption Mechanisms of Chromium (VI) & MB 

Interaction between Cr(VI)-Adsorbent: Solution pH decides the ionic state of the adsorbate and 

active functional groups of the adsorbent[165].There can be four possible mechanisms for the 

adsorption of Cr(VI) onto ACDWHL, based on the outcomes of the pHpzc (5.4) and verified in 

fig 25 . Firstly, adsorption mechanism (pH solution < pHpzc), an increase in the concentration of 

H+ protonates the surface of ACDWHL which becomes positively charged surface and also there 

is a negatively charged Cr (VI) species (HCrO4
−, Cr2O7

2−, and CrO4
2− ). Due to the presence of the 

electrostatic attraction between the two charges, which would contribute as a main driving force 

behind the adsorption process. These oxygen-containing functional groups (–OH, COOH, NH2 

and C−O) in ACDWHL, as observed in the FTIR analysis played a significant role the in 

electrostatic attraction. Secondly, when pH solution > pHpzc, implies that the surface becomes 

negative charge which is replaced by Cr (VI) anionic species through ion exchange. Thirdly, at pH 

solution > pHpzc, ACDWHL surface becomes negatively charged that counter to reduced 
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adsorption process exhibiting electrostatic repulsion [166]. Fourthly, there is a possibility that 

physical exchange of ions between Cr species and ACDWHL surface and the adsorption process 

would be a physical.  

Interaction between MB dye-Adsorbent: The mechanism behind the adsorption of MB onto 

ACDWHL has been indicated in fig 24. Firstly, electrostatic interaction played a major role in the 

uptake of MB with change in solution pH. The oxygen-containing functional groups (–OH, NH2 

and COOH) confirmed by the FTIR analysis on the surface of ACDWHL have a vital role for MB 

adsorption through electrostatic interaction. Secondly due to the existence of hydrogen bonding 

(OH, -NH2 and COOH groups on the surface ACDWHL and with nitrogen on MB dye) the 

presence of this bond enhanced the adsorption of organic pollutant MB through interaction. 

Thirdly there is a possibility that physical exchange of ions between MB and ACDWHL surface 

may switch the adsorption process to physical adsorption (simply pore filling). Fourthly, there was 

electro statical repulsion and ion exchange (pH solution < pHpzc), due to positively charged MB 

and ACDWHL surface. Generally, isotherm modeling of Cr (VI) and MB adsorption process on 

ACDWHL showed chemisorption as a predominant process in the adsorption process. Similarly, 

intra-particle diffusion (kinetic model) confirmed the rate-limiting step for adsorption of adsorbate 

onto adsorbent was controlled by film diffusion, establishing a link for chemisorption of Cr(VI) 

and MB on the active sites of ACDWHL[165]. 

 

Figure 24: Proposed reaction mechanism b/n ACDWHL with Cr(VI) and MB.  



58 

 

5 CONCLUSION & RECOMMENDATION 

5.1 Conclusion 

This study has investigated the preparation and characterization of ACDWHL from water hyacinth 

leaf by chemical activation using ZnCl2 and its application for Cr (VI) and MB removal. The 

ACDWHL were characterized through proximate analysis, XRD, FTIR, and BET. The BET 

surface area of ACDWHL was found to be 616.387 m2/g. The results of batch experiments showed 

that adsorption of Cr (VI) and MB by ACDWHL depends on various parameters such as pH, 

dosage, contact time and initial concentration of Cr (VI) and MB. The optimum pH was = 2 & 10, 

adsorbent dose = 150 & 200 mg, contact time = 120 & 90 min and initial concentrations of 2 ppm 

for Cr (VI) and MB were observed, respectively. The maximum uptake (mg g−1) of the adsorbent 

obtained for Cr (VI) and MB was found to be 7.4 and 8.12 mg g−1 as well as the maximum 

percentage removals of Cr (VI) and MB obtained was 84.4 and 95.2%. However, the maximum 

percentage removal efficiency of real sample was 58.76 and 67.03% at pH 2 and 10 consecutively 

for Cr (VI) and MB this indicates the real wastewater sample the removal efficiency decreased 

when compared to aqueous solution prepared in laboratory. The Cr (VI) adsorption followed 

Langmuir isotherm, whereas MB followed Freundlich isotherm. A pseudo-second order kinetic 

model fits for both Cr (VI) and MB. Generally, the ACDWHL was found to be an effective bio-

adsorbent for the removal of Cr (VI) and MB from tannery & textile wastewater. The result shows 

that the ACDWHL has high capacity and efficiency in removing Cr (VI) and MB ion in 

wastewater/synthetic water. Hence, the prepared material would be employed for the adsorption 

of Cr (VI) and methylene blue in wastewater like, tannery& textile, which was environmentally 

benign.  

 . 
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5.2 Recommendation 

Activated carbon prepared from water hyacinth leaf by chemical activation using ZnCl2 had been 

shown to have the potential to remove Cr (VI) and MB ions from aqueous solution/industrial 

effluents. The following studies and ideas could be recommending to other researchers and the 

government. 

✓ Real sample or industrial effluents may contain many an interfering ion this may be due    

the interfering ions such as anions namely SO4
2–, CO3

2–, NO3
–, Cl– and PO4

3– and cations, 

namely Ca2+, Mg2+, Cu2+and Fe2+ such ions that compete with Cr (VI) and MB for 

adsorption. Therefore, the effect of interfering ions should be investigated.  

✓  Investigate the reusability of the adsorbent. 

✓ In this thesis, the water hyacinth leaf was used to make the activated carbon, however 

further study needed to produce the activated carbon from its root. 

✓ The activated carbon prepared from water hyacinth leaf must be applied for the removal of 

other heavy metals and dyes. 

✓ The spread of water hyacinth in Abay River increased from time to time, therefore, it is 

now recommended that the government should encourage this kind of research works by 

recommending it to the users and by adopted in industrial scale. 
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7 APPENDIX 

APPENDIX 7A: Solution Preparation 

1.     The  preparation of  1000mg/L Potassium dichromate Stock solution from the analytical grade 

of potassium dichromate (K2Cr2O7).That is  Potassium dichromate(K2Cr2O7) has a molecular 

weight=2×39+2×52+7×16=294 g/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. 

2.    MB stock solution   was prepared from 0.5% MB solution that is the concertation becomes 

5000ppm stock. From this the experimental solutions were prepared with serial dilution. 

3.  The preparation of Cr(VI) & MB standard & working solution from a stock solution of 

1000ppm(M1) ,Cr(VI) & MB was as follows.  

        From the stock solution prepare 100ppm Cr(VI)& MB by taking 10ml stock solution in 100ml 

volumetric flask. The required diluted concentration of Cr(VI) & MB, that is (M2) = 

(2ppm,4ppm,6ppm,8ppm and 10ppm for working solution & 1ppm,5ppm,10ppm,15ppm 

&20ppm for standard solution ) were prepared  by usig dilution law , M1V1=M2V2 for example 

for 2ppm the volume is equal to 2ppm×50ml/100ppm=1ml. 

4.   Preparation of 0.1M KOH was by the dissolution of  0.28 g  with distilled water in a 50ml flask 

5.    Preparation of 0.1M HCl, 0.5 ml of Conc, hydrochloric acid was taken in a cleaned and dried 

50ml volumetric flask and then makes up the volume up to 50ml with distilled water 

6.  Preparation of 1,5-Diphenyl carbazide (DPC) Complexing agent,0.25g of 1,5-Diphenyl 

carbazide (DPC) was diluted in 50ml of acetone then add a distilled water in 100 volumetric 

flask  
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APPENDIX 7B: Characterization of ACDWHL 

❖ Proximate Analysis of ACDWHL 

✓ WB=weight of the sample before drying/heating  

✓ WA= weight of the sample after drying/heating  

✓ 𝑋̅=Mean  

✓ 𝑆D=Standard deviation 

✓ Weight of the three crucibles (29.56 g, 28 g & 29 g)  

❖ Moisture & Ash Content Calculation  

Mc (%) = 
(𝑾𝑩−𝑾𝑨)×𝟏𝟎𝟎

𝑾𝑩
  Ac (%) = 

(𝑾𝑩−𝑾𝑨)×𝟏𝟎𝟎

𝑾𝑩
 

Table7. 1 Moisture & Ash Content. 

Trial WB(g) WA(g) Mc (%) WB(g) WA(g) Ac (%) 

1 2 1.85 7.5 2 1.8 10 

2 2 1.9 5 2 1.78 11 

3 2 1.87 6.5 2 1.75 12.5 

𝑿̅=6.3 

SD=1.26 

 𝑥̅=11.2 

SD=1.259 

 

❖ Volatile Mater Content (Vc%) & Carbon Yield (Y%): 

 Vc = 
(𝑾𝑩−𝑾𝑨)×𝟏𝟎𝟎

𝑾𝑩
  Y% = 

𝑾𝑨×𝟏𝟎𝟎

𝑾𝑩
 

     Table7. 2 Volatile Mater Content (Vc%) & Carbon Yield (Y%). 

Trial WB(g) WA(g) Vc (%) WB(g) WA(g) Y% 

1 2 1.5 25 8 4.63 57.88 

2 2 1.45 27.5 8 4.5 56.3 

3 2 1.41 29.5 8 4.4 55 

𝑿̅=27.3 

SD=3.2 

𝑋̅=56.4 

SD=1.4 
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❖ The Point of Zero Charge: 

Table7. 3 Point of Zero charge of ACDWHL data. 

Initial pH  Final pH   ΔPH 

1 1.8 0.8 

2 2.6 0.6 

3 4 1 

4 4.6 0.6 

5 5.5 0.5 

6 5 -1 

7 5.8 -1.2 

8 6.44 -1.56 

9 7.4 -1.6 

10 8.1 -1.9 

11 9 -2 

12 9.5 -2.5 

APPENDIX 7C: Effect of Adsorption parameters  

    Table7. 4  Cr (VI) & Methylene blue standard concentration with absorbance. 

Initial 

concentration 

(ppm) 

Absorbance 

chromium (VI) Methylene 

blue 

1 0.545 0.12 

5 1.028 0.5 

10 1.322 0.92 

15 1.657 1.36 

20 2.035 1.78 
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Table7. 5 Effect of pH on chromium (VI) & MB removal by ACDWHL. 

PH Absorbance Ce (ppm)  % Removal qe (mg/g) 

Cr (VI) MB Cr (VI) MB Cr (VI) MB Cr (VI) MB Cr (VI) MB 

1 6 1.135 0.34 2.5 3.352 75 66.48 1.88 1.7 

2 8 1.124 0.234 2.46 2.133 75.4 78.67 1.89 1.97 

3 10 1.174 0.13 2.6 0.938 73.97 90.62 1.85 2.27 

4 12 1.195 0.144 2.66 1.0988 73.4 89.012 1.84 2.23 

5 14 1.213 0.153 2.71 1.202 72.9 87.97 1.83 2.2 

6  1.265  2.85  71.45  1.79  

7  1.297  2.94  70.57  1.77  

8  1.321  3.01  69.9  1.75  

Table7. 6 Effect of concentration on chromium (VI) & MB removal by ACDWHL. 

Concentration 

(ppm) 

Absorbance Ce (ppm)  % Removal qe (mg/g) 

Cr (VI) MB Cr (VI) MB Cr (VI) MB Cr (VI) MB 

2 0.347 0.09 0.311 0.478 84.4 95.2 0.4 0.4 

4 0.467 0.108 0.64 0.685 83.9 93.15 0.8 0.8 

6 0.675 0.114 1.22 0.754 79.67 92.46 1.2 1.3 

8 0.912 0.12 1.877 0.823 76.5 91.77 1.5 1.8 

10 1.17 0.13 2.6 0.938 74.08 90.62 1.85 2.3 

Table7. 7 Effect of dose on chromium (VI) & MB removal by ACDWHL. 

Dosage 

(mg) 

Absorbance Ce (ppm)  % Removal qe (mg/g) 

Cr (VI) MB Cr (VI) MB Cr (VI) MB Cr (VI) MB 

50 1.17 0.212 2.6 1.88 74.08 81.2 7.4 8.12 

100 1.0547 0.196 2.21 1.696 77.9 83.04 3.9 4.15 

150 1.026 0.146 2.19 1.122 78.1 88.78 2.6 2.96 

200 1.032 0.125 2.209 0.88 77.91 91.2 1.95 2.28 

250 1.031 0.125 2.206 0.88 77.94 91.2 1.6 1.82 
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Table7. 8 Effect of time on chromium (VI) & MB removal by ACDWHL. 

Time 

min 

Absorbance Ce (ppm)  % Removal qe (mg/g) 

Cr (VI) MB Cr (VI) MB Cr (VI) MB Cr (VI) MB 

30 1.315 0.211 2.99 1.87 70.06 81.3 1.75 2.0325 

60 1.235 0.172 2.77 1.42 72.28 85.8 1.81 2.145 

90 1.185 0.126 2.63 0.893 73.67 91.07 1.84 2.277 

120 1.138 0.128 2.5 0.915 74.97 90.85 1.88 2.27 

150 1.154 0.129 2.55 0.926 74.5 90.74 1.863 2.267 

180 1.16 0.127 2.56 0.903 74.36 90.97 1.86 2.274 

Table7. 9  Adsorption isotherm of chromium (VI) & MB using ACDWHL. 

Con

cent

ratio

n 

𝒙̅ of Ce(ppm)at 

(120,150,180) & 

(90,120,150)min 

qe(mg/g) 1/ce 1/qe Logce Logqe 

Cr+6 MB Cr+6 MB  Cr+6 MB  Cr+6 MB Cr+6 MB Cr+6 MB 

2 0.3 0.5 0.57 0.38 3.3 2 1.75 2.63 -0.5 -0.3 -0.24 -0.42 

4 0.6 0.7 1.13 0.83 1.7 1.43 0.89 1.2 -0.22 -0.15 0.05 0.08 

6 1.02 0.75 1.7 1.32 0.98 1.33 0.59 0.76 0.009 -0.13 0.23 0.12 

8 1.8 0.8 2.07 1.8 0.55 1.25 0.48 0.56 0.26 -0.09 0.32 0.26 

10 2.5 0.9 2.5 2.28 0.4 1.1 0.4 0.44 0.4 -0.05 0.4 0.36 

Table7. 10 The kinetic studies of Adsorption of chromium (VI) & MB using ACDWHL. 

Time 

min 

qt(mg/g) qe(mg/g) t/qt Log (qe-qt) 

Cr (VI) MB Cr (VI) MB Cr (VI) MB Cr (VI) MB 

30 1.7 2.0325 1.85 2.3 17.65 14.76 -0.8 -0.57 

60 1.74 2.145 1.85 2.3 34.5 27.97 -0.96 -0.81 

90 1.8 2.277 1.85 2.3 50 39.5  -1.3 -1.64 

120 1.84 2.27 1.85 2.3 65.2 52.86 -2 -1.53 

150 1.823 2.267 1.85 2.3 82.3 66.17 -1.57 -1.48 

180 1.82 2.274 1.85 2.3 98.9 79.16 -1.5 -1.59 
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Table7. 11 Real sample experimental data. 

TS Absorbance concentration (ppm) %Removal  qe(mg/g) 

TW

W 

BT

WW 

AT

WW 

BTA

WW 

ATA

WW 

BT

WW 

AT

WW 

BTA

WW 

ATA

WW 

BTA

WW 

ATA

WW 

BTA

WW 

ATA

WW 

1.69 0.75 1.29 0.51         

1.87 0.95 1.3 0.74         

1.98 1.25 1.55 0.9         

𝒙̅  1.85 0.99 1.38 0.7 4.47 3.16 2.08 1.3 53.4 58.8 0.8 0.62 

SD 0.15 0.25 0.15 0.2         

TX

WW 

0.81 0.24 0.71 0.14         

1.12 0.14 0.61 0.08         

0.9 0.16 0.46 0.09         

𝐱̅ 0.95 0.18 0.59 0.09 10.3 1.52 6.2 0.5 40.4 67.3 1.03 0.26 

SD 0.16 0.05 0.13 0.02         

 

 

 

 

 

 

  

 


