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Abstract 
Water pollution is a critical global issue caused by toxic industrial pollutants that 

threaten both human health and the environment. These contaminants include organic 

compounds (such as dyes, pesticides, surfactants, and pharmaceuticals) and inorganic 

substances like sulphates, nitrates, chlorides, and phosphates. Among the treatment 

methods available, activated carbon (AC) stands out for its high adsorption capacity 

and cost-effectiveness. 

This study aimed to produce activated carbon from waste copy paper using physical 

and chemical activation methods, with 5% phosphoric acid used for chemical 

activation. Waste paper was first de-inked using a flotation solution of 1% sodium 

hydroxide, 1% sodium silicate, and oleic acid, followed by pyrolysis at 600 °C for 2 

hours. The resulting ACs were characterised using Fourier-transform infrared 

spectroscopy (FTIR), scanning electron microscopy (SEM), Brunauer–Emmett–Teller 

(BET) surface area analysis, and X-ray diffraction (XRD), along with measurements 

of pH, density, solubility, and proximate properties. 

FTIR analysis of chemically activated carbon revealed O–H and C–H stretching 

vibrations, C–O bonds, and phosphate-related groups (P–O and P=O), indicating 

successful incorporation of functional groups from phosphoric acid. In contrast, the 

physically activated carbon showed C=C stretching and aromatic C–H bending 

vibrations. SEM images confirmed a more porous and tubular morphology for the 

chemically activated sample, while the physically activated carbon appeared denser 

with irregular granules. BET results showed higher surface area for chemical 

activation (678.01 m²/g) than physical activation (455.22 m²/g). Additionally, the 

chemically activated sample had higher fixed carbon (64.91%) and yield (24.2%), 

while the physically activated carbon showed higher pH (10.94) and density 

(0.94 g/cm³). Both ACs achieved over 80% removal efficiency for methylene blue and 

methyl orange dyes, highlighting their effectiveness.  

Thus, this research study will be of interest to water treatment utilities.  Moreover, the 

research will contribute new knowledge and a better understanding of activated carbon 

from waste paper. 

Keywords: Activated carbon, adsorption, chemical activation, physical activation, 

contaminants, removal efficiency. 
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CHAPTER 1: INTRODUCTION 

1.1 Background of the proposed study 

 
Water sources are being contaminated by various sources such as industries, 

agricultural activities, pharmaceuticals and human activities [1-2]. The application of 

activated carbon in wastewater treatment is favourable due to high physicochemical 

stability, high porosity, high adsorption capacity, and large surface area [3-4].  

Activated carbon from coconut shell, peat, hard and softwood, lignite coal, bituminous 

coal, olive pits, and various carbonaceous materials have been found effective in the 

removal of organic compounds, heavy metals, dyes, taste and odour from wastewater 

[5-6]. According to a report, nearly one-fifth of the contents of household dustbins 

consist of paper, which is equivalent to over 4 kg of waste paper per household each 

week [7]. In Namibia, about 33% of recyclable papers are disposed of at dumpsites 

and landfills with associated open burning [7]. Burning can lead to the release of 

hazardous substances such as CO2 which is detrimental to the ozone layer. Recycling 

or finding alternative uses for waste paper would help to minimise burning and in turn 

reduce burning.  

1.1 Statement of the problem 

 
Sources of drinking water are subject to contamination and require appropriate 

treatment to remove contaminants. Climate change is severely exacerbating the water 

crisis hence it is prudent to search for ways in which contaminated water can be treated 

at a low cost.  Equally important, the contamination of water from industries is 

gradually increasing and this accumulation will eventually exceed certain threshold 

concentrations and cause detrimental pollution. Furthermore, wastewater treatment 
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plants require various types of ACs in large quantities, and in Namibia, most treatment 

plants purchase ACs from abroad.  

1.1 Objectives of the study 

 
This study therefore aimed to prepare activated carbon from waste paper and 

evaluate its effectiveness in wastewater treatment. The specific objectives are: 

• To prepare activated carbon from waste paper (copy paper) through physical 

activation as well as chemical activation, using H3PO4 as an impregnating 

agent. 

• To characterise the prepared activated carbon by the following analytical 

instruments: Brunauer –Emmett Teller (BET), Scanning Electron Microscopy 

(SEM) and Fourier Transform Infrared Spectroscopy (FTIR) and X-Ray 

Diffraction (XRD) analysis. 

• To evaluate the potential and effectiveness of activated carbon from waste 

paper for the removal of contaminants in wastewater.  

• To compare the performance of the prepared activated carbons with industrial 

activated carbon for domestic wastewater treatment.  

1.4 Significance of the study 

 
Water is an essential resource for human life, as it has numerous uses in various sectors 

in Namibia such as agriculture, mining, domestic usage, industrial, power plants, and 

so forth. Since fresh water is in limited supply and the quality is under continuous 

strain, a series of studies need to be carried out. This study will provide knowledge and 

information on the use of activated carbon from waste paper (Copy paper) for 

wastewater treatment and give researchers an insight for further water treatment 
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studies. This means that academics, scholars, researchers, and water treatment 

facilities will be direct beneficiaries of this study. Furthermore, this study could be 

applied to large-scale use that can be piloted in Namibia. 

1.5 Limitations of the study 

 
In this study, only phosphoric acid was utilised as an impregnating agent for the 

chemical activation of activated carbon. Physicochemical tests were performed to 

assess water quality after using AC to treat contaminated water. No microbiological 

testing was performed. Furthermore, only wastewater from the Gammams Water Care 

Works (GWCW) was investigated in this study.  
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CHAPTER 2 : LITERATURE REVIEW  
 

2.1 Water Treatment Methods 

 
Water treatment involves the removal of impurities and contaminants, such as bacteria, 

minerals, sulfur, nitrogen, manganese, and other organic and inorganic substances. The 

specific  treatment process is selected based on the type and concentration of 

contaminants [1]. Additionally, the choice of wastewater treatment methods depends 

on the degree of  method required to bring the wastewater to a permissible level, the 

flexibility of the control method, the cost of the process, and the environmental 

compatibility [2]. There are various available methods of impurities removal from 

water, and they are categorized into chemical [3], physical [4], and biological [5] 

modes.  

Several technologies, such as coagulation, flocculation, and advanced oxidation 

processes, have been tested for the removal of organic micropollutants. However, these 

advanced treatments still have numerous disadvantages, namely low removal rates for 

a large number of pharmaceuticals and/or the formation of by-products, causing a 

potential risk of contamination for treated water [6]. Oxidation processes show high 

efficiencies for the removal of contaminants, but the reaction is non-selective, so 

degradation of the molecules may cause the generation of undesired by-products, 

which may even be  more toxic than the initial contaminant [7]. Other treatment 

methodologies such as membrane filtration, ion exchange, and reverse osmosis are 

expensive [6,7]. Sedimentation, filtration, and flocculation are frequently used only 

when physical particles must be removed [8]. All the above-mentioned methods have 

been efficient for contaminants removal, however, the adsorption method has been 

highly recommended by researchers in recent decades due to its advantages which 
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include being low cost, high efficiency, and environmentally friendly,  ease of 

operation and low energy consumption [9].  

Adsorption has a phase-changing mechanism in which the contaminants  (adsorbates) 

move from the aqueous phase to the solid phase (adsorbent) and has been widely 

explored for the removal of impurities in wastewater treatment plants [10]. The 

adsorption efficiency depends on the properties of the impurities such as the molecular 

size, polarity, and functional group, and the adsorbent’s properties such as the particle 

size, surface area, pore diameter, and environmental conditions (pH, temperature, 

wastewater type, etc) [10]. During the adsorption process, bond attraction forces, like 

van der Waals forces, trap the unwanted molecules within the activated  carbon’s 

internal pore structure and accumulate them onto a solid surface [1].  

In this context, activated carbon (AC) is considered a highly efficient adsorbent due to 

its high surface area (SBET) and interesting surface chemistry properties, showing high 

pharmaceutical removal rates [9]. Adsorbents play a significant role in the adsorption 

process, therefore selecting effective adsorbents is very important. Different types of 

adsorbents have been utilised for the adsorption process including activated carbon, 

graphene oxide, zeolite, clay and metal–organic frameworks [11,12].  

Table 1: Wastewater Treatment Technologies 

Type of treatment Advantages  Disadvantages  Referenc
e  

Biological  Potential for removing 
metals 

Technology is still under 
development 

[13,14] 

Photocatalysis High degradation rate Potential to be harmful to 

operators due to exposure 

to carcinogenic UV light.   

[15] 



 6 

Membrane 

technology 

Membrane properties 

could be adjusted. 

High processing 

efficiency 

Membrane fouling [16] 

Adsorption 

(Research interest) 

Environmentally 

friendly,  

simple design,  

cost-effective and 

excellent for organic 

pollutants removal. 

Requires regeneration of 

the adsorbent. 

[17], 

[18],  

[19], 

[20], [21] 

Coagulation/ 

flocculation 

Simple process,  

good for reclamation to 

remove pollutants. 

Require high dosage. 

Produce more sludge. 

[22] 

 

2.2 Activated carbon properties and structure 

 
Activated carbon (AC) is a microporous form of carbon with a well-developed pore 

structure with functional groups on its surface, large pore volume, high internal surface 

area [1], and consequently, a high adsorption capacity [23]. The adsorption capacity of 

an activated carbon depends on its physical and chemical characteristics (pore size, 

functional groups) and the characteristics of the adsorbate (size, hydrophobicity) [24]. 

AC is highly used in industries due to its excellent mechanical properties, high 

porosity, high surface area, and the presence of organic/ inorganic functional groups 

[25]. These properties found in AC are influenced by the precursor and the mode of 

activation used in its preparation [26]. The activation process is key in the production 

of AC and, the shape and the size of pores in the AC are influenced by either chemical 

or physical activation [27]. The diversity of its precursor and different activation 
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processes could lead to the complexity and variety of its structure which results in 

different kinds of adsorption behaviour [28].   

The carbon structure of AC is composed of different main functional groups such as 

phenol, carboxyl, lactone, carbonyl, and quinone [29]. The presence of functional 

groups on the surface of the activated carbon can affect the dispersion interactions 

between the aromatic rings of the graphene layers of activated carbons and the 

aromatic rings of the molecules and the presence of water can enhance or decrease the 

adsorption of organic molecules due to hydrogen bonding [30]. The main functional 

groups in the carbon structure of AC are responsible for the adsorption of pollutants 

[31] and the availability of oxygen, hydrogen, sulfur, and nitrogen can participate in 

the structure of AC in the form of functional groups or chemical atoms [31].  

In recent years, researchers have used various agricultural wastes such as peach stones  

[32], date stones [33], plum kernels [34], peanut shells [35], orange peels (hydrochars) 

[36], rice husks  [37] and corncob [37] as precursors of AC.  

There are two major steps in producing AC. The first step is the carbonisation process, 

a thermal degradation process that occurs in the absence of oxygen [38]. At this step, 

the precursor is converted into char by subjecting it to a moderately high temperature 

between 400 and 600 °C and the main purpose of carbonisation is to increase the 

carbon content and to build the preliminary pores network [38].  Additionally, it 

reduces the volatile content of raw materials via pyrolysis of the carbon precursors in 

the temperature range of 300 – 900 °C and creates char with primary porosity 

associated with a high content of fixed carbon [38]. The next step is the activation 

process which can be physical activation, chemical activation, and physicochemical 

activation [37, 38]. The lower activation temperature allows more acidic functional 
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groups, including carboxyl, phenolic hydroxyl groups, and lactones, to be retained in 

the activated carbon, and phosphorus species can also be introduced to provide 

additional functional groups to further improve the adsorption of basic dyes [11]. The 

purpose of activation is to improve the specific surface area or pore volume of AC by 

opening new pores and developing the existing pores [37]. Activation is considered to 

be more crucial than carbonisation in terms of the properties of AC and it can vary or 

adjust the surface chemical nature of AC with certain unique characteristics [38].  

Presently, physical activation, chemical activation, and physiochemical activation are 

the main activation techniques used [39], [40]. Physical activation is a dual-stage 

process, the raw material is pyrolysed at a higher temperature (600 –900 °C) in an inert 

atmosphere and then the carbonised material is exposed to the oxidising atmosphere 

(oxygen, carbon dioxide, or steam) at a higher temperature [1], in the temperature 

range of 800–1200 °C [37], [41]. In physical activation, the reactive carbon present in 

the adsorbent is eliminated and this followed by gasification resulting in the synthesis 

of the activated carbon with improved porosity [42]. Physical activation is clean and 

greener without any secondary waste disposals compared to chemical activation [43], 

[44]. The drawbacks of physical activation are related to its high activation 

temperature, considerably long processing time, relatively low carbon yield, and poor 

specific surface area [44].   

Chemical activation is a process that involves the use of chemical agents to create 

micropores through dehydration and oxidation, during which carbonisation and 

activation take place simultaneously in the temperature range of 450 – 850 °C [38], 

for a better adsorbent surface area [45]. The advantages of chemical activation are its 

low heating temperature, short processing time, high carbon yield, well-controlled 

porosity, and high specific surface area [45]. However, the disadvantages of chemical 
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activation include its drastic corrosivity and inevitable washing process, and its 

dependence on the type of activating agent, mixing method, mass ratio of activating 

agent to carbon precursor, and heating method [46]. Many chemical reagents have 

been used as activating agents during the chemical activation process. In the chemical 

activation process, acids (such as H3PO4, H2SO4, and HNO3), alkalis (NaOH and 

KOH), and ZnCl2 are frequently used to decrease reaction temperatures and contact 

times [46]. In general, the modification of the AC surface has been mainly addressed 

in terms of oxidation, acidic or basic treatments [47].   

Phosphoric acid, which is the chemical agent used in this study,  is  one of the most 

used activating agents due to its highly polar characteristics and it is believed that 

phosphoric acid promotes the formation of micropores inside the AC structure through 

forming phosphorus compounds and as a result, phosphoric acid interacts with the 

phenolic and carbonyl groups of the AC [44].  To add on, the generated substances 

such as phosphate would adhere to the surface of AC [48], protecting its internal 

structure. As a Brønsted acid, phosphoric acid can also catalyse the dehydration, 

condensation and aromatisation of aliphatic structures in biomass to form enriched 

porosity constructs [49,50]. Phosphoric acid has a lower activation temperature, higher 

carbon yield, and the production of structures that are predominantly mesoporous [11]. 

Moreover, phosphoric acid acts as a catalyst to adjust and control the textural 

properties of the AC by facilitating the carbon dioxide release from the inside of the 

AC structure and it has been proved that removal of volatile gas from the carbon 

structure will result in the formation of the regular pores in the side carbons [51]. 
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2.3 Granular and powdered AC 

 
The AC is marketed in two forms namely, granular activated carbons (GAC) and 

powdered activated carbons (PAC). GAC typically has particle sizes ranging from 200 

to 5000 µm (0.2 mm to 5 mm), whereas PAC has much smaller particles, with sizes 

predominantly less than 100 µm [52].  The PAC usually exhibits high specific surface 

area and micro-porosity which increases their adsorption capacity [35]. PAC shows 

slower settling and removal tendencies than GAC [35]. Though PAC has a  higher 

adsorption capacity, it can not be regenerated due to difficulties in separating it from 

the aqueous solution [35]. Because of these difficulties, PAC is mainly used in batch 

modes, especially in water treatment facilities [53].  GAC exhibits lower adsorption 

capacities for pollutant removal from aqueous solutions compared to PAC  due to the 

fouling effect, as well as to the reduced mass transfer of the target pollutants [54]. The 

GAC is currently used as a water treatment material to effectively remove several 

pollutants including organic micropollutants, pharmaceuticals, arsenic, carcinogenic 

compounds, microplastics, heavy metals, colour, and odour [55]. The choice for GAC 

depends on the target pollutant, the concentration of the pollutant, flow rate, and 

adsorption capacity  and these factors also influence the life span of the carbon  [56]. 

Since the adsorbent capacity of GAC is limited, studies have been carried out to 

enhance its efficiency by modifying its structure with chemical agents [57]. Many 

investigations have shown that modified GAC enhances the adsorption of 

contaminants on its surface owing to chemosorption [57, 58]. A study used 

magnesium-modified granular AC and observed that the cadmium (II) removal 

capacity of the adsorbent increased from 3.47  to 8.48 % [58]. The uptake capacity of 

rice husks AC to remove lead (II) was increased after modification by nitric acid to 
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improve pore structure and surface functional groups like carboxyl and hydroxyl [58]. 

Steam-activated granular AC was previously used to treat wastewater of battery 

recycling unit and sulfuric acid was chosen as the modification agent to enhance the 

adsorption characteristics of the AC [58,59].  

2.4 Waste paper recycling  

Waste recycling has long been a critical environmental concern worldwide, 

particularly given its impact on resource conservation and energy efficiency. A study 

by Okada et al., [59] observed numerous studies underscore the importance of waste 

paper recycling, emphasising its role in conserving natural resources and reducing 

energy use [59]. Waste paper recycling, in particular, is recognised as a vital 

contributor to the long-term preservation of forest resources. Paper and cardboard 

account for approximately 10% of municipal solid waste [59,60], signifying a 

substantial opportunity for the  reuse within the recycling stream. Transforming waste 

paper into AC offers a sustainable approach to paper waste management, with 

significant environmental and economic benefits. Due to the limited recyclability of 

cellulose fibers in waste paper, they often end up as disposal waste. However, by 

converting these fibers into AC, a material known for its high porosity and sorption 

capabilities, they can serve valuable applications in water purification, gas separation, 

and humidity control. Producing AC from waste paper typically involves both 

chemical and physical activation techniques. In a study by Okada et al., potassium 

carbonate (K2CO3) was used as a chemical activating agent to create AC with an 

impressive specific surface area of around 1700 m²/g [59], enhancing its suitability for 

environmental uses such as methylene blue dye removal from water. Other agents, 

including Na2CO3, Li2CO3, and steam, have also been explored, producing variations 

in surface area and pore structure. These findings highlight waste paper-derived AC as 
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an effective, low-cost, and eco-friendly material, showcasing its potential as a 

sustainable solution for environmental protection. 

2.5 Adsorbates of research interest 

 
Research interest in treating pollutants such as Methyl Orange, Methylene Blue, and 

Copper Sulphate using activated carbon arises from their extensive use and significant 

environmental impact. Additionally, the Gammams Water Treatment Plant, a domestic 

wastewater treatment facility in Windhoek that utilizes activated carbon, is also a focus 

of study, highlighting the practical application of AC in wastewater treatment 

processes. 

2.5.1 Methylene Blue 
 

Methylene blue (MB) is a synthetic cationic dye extensively used in industrial and 

laboratory applications. While it serves various beneficial roles, MB also has potential 

environmental and health risks associated with its release [61,62]. On the positive side, 

MB is commonly used as a staining agent in medical diagnostics, a colourant in textile 

and paper industries [61], and a reagent in chemical laboratories [61], providing critical 

utility in these fields. However, when discharged into the environment, methylene blue 

becomes a persistent contaminant that can adversely affect aquatic ecosystems. The 

dye can impede the photosynthetic activities of aquatic plants, disrupt oxygen 

production, and harm aquatic organisms, ultimately impacting the biodiversity of 

affected ecosystems. Due to its resistance to natural degradation, MB’s presence in 

water bodies is a growing environmental concern [62]. 
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2.5.2 Methyl Orange 

Methyl orange (MO), an anionic dye widely used in laboratories and industrial 

processes, is particularly known for its role as a pH indicator in titrations and as a 

colorant in textile and leather industries [63]. Despite its value in analytical and 

industrial applications, methyl orange poses environmental and health risks. When 

released into natural water bodies, it can harm aquatic ecosystems by interfering with 

photosynthesis in aquatic plants and altering the ecological balance, which can reduce 

biodiversity [30, 63,64]. In addition, MO poses potential health risks to humans, 

especially when found in high concentrations, as it may cause skin and eye irritation, 

with concerns over its possible carcinogenicity. These hazards underline the 

importance of managing and minimizing MO discharge in wastewater [64]. 

2.5.3 Copper Sulphate  

Copper sulphate (CuSO₄) is a widely used compound in various sectors, including 

agriculture, industrial manufacturing, and as an algicide [65]. However, it presents 

significant risks to both the environment and public health if not carefully managed. 

Copper, when introduced into aquatic systems, can be toxic to fish, affecting gill 

function and disrupting essential enzymatic processes [65,66]. For humans, prolonged 

exposure to copper through contaminated water or food sources can lead to 

gastrointestinal issues, liver damage, and kidney disease. Copper’s persistence as a 

heavy metal also allows it to bioaccumulate in living organisms, entering the food 

chain and posing chronic health risks. As such, it is crucial to regulate copper levels in 

wastewater, with adsorption techniques, such as using activated carbon, proving 

effective for copper removal in water treatment applications [66]. 
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2.5.4 Gammams Water Care Works 

The Gammams Water Care Works (GWCW) is a primary domestic wastewater 

treatment facility located in Windhoek, Namibia. Wastewater samples for analysis 

were obtained from this facility, which processes wastewater from surrounding 

residential suburbs. Samples were collected from two critical points: the influent, or 

raw water entering the facility, and the effluent, the semi-treated water which 

undergoes further purification at the Windhoek Goreangab Operating Company 

(WINGOC). These sample points allow for analysis of the treatment stages and 

effectiveness of the GWCW in reducing pollutants before final discharge or further 

treatment. 

2.6 Water Quality Testing Parameters  

The decline in global water quality has become a significant concern, largely due to 

the cumulative impact of industrial and agricultural activities [67,68]. According to 

UN-Water (2022), urgent attention and intervention are essential to address water 

quality issues, as these problems are complex and multifaceted. Both human activities 

and natural processes contribute to the complexity of water quality in groundwater and 

surface water, making comprehensive testing crucial before water is used for domestic, 

industrial, agricultural, or drinking purposes [69]. Poor water quality can have severe 

consequences, not only for aquatic life but also for the surrounding ecosystems. 

Routine monitoring allows researchers to understand natural environmental processes 

and assess the extent of human impact on ecosystems. Water quality testing involves 

analysing several physio-chemical parameters, chosen based on the intended water use 

and specific purity requirements [68]. Water contains various dissolved, suspended, 

and bacteriological impurities that demand careful assessment. 
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The physical properties of the wastewater were evaluated by measuring total dissolved 

solids (TDS) and turbidity, while chemical parameters were assessed through tests for 

conductivity, salinity, and dissolved oxygen. The World Health Organisation (WHO) 

provides recommended guidelines for these parameters to safeguard human health and 

the environment [70]. In Namibia, water quality standards for drinking water are set 

by the Ministry of Agriculture, Water and Forestry, and the Ministry of Health and 

Social Services, following WHO guidelines but with modifications  by local 

researchers and expertise [67]. 

The following water quality parameters discussed below are executed in this research.  

2.6.1 Total Dissolved Solids 

The World Health Organization (WHO) indicates that the palatability of water is 

generally deemed satisfactory when the concentration of Total Dissolved Solids (TDS) 

is below 600 mg/L. Conversely, TDS levels exceeding 1000 mg/L can significantly 

detract from the taste and overall acceptability of the water, rendering it unpalatable to 

consumers. High concentrations of TDS can lead to extensive scaling in water delivery 

systems, such as pipelines, heaters, and boilers, as well as in various household 

appliances, which can further diminish the overall user experience. Notably, there is 

currently no established guideline for TDS levels that directly correlates with health 

impacts, making it essential to consider TDS levels in the context of water quality 

management. 

2.6.2 Dissolved Oxygen 

Dissolved oxygen (DO) is an essential water quality metric that is crucial for 

evaluating the health and overall integrity of aquatic ecosystems. The concentration of 

dissolved oxygen in a body of water serves as a vital indicator of its capacity to sustain 
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aquatic life, particularly fish and other organisms that depend on oxygen for survival. 

A sufficient level of dissolved oxygen typically signifies good water quality and a 

healthy ecosystem. In contrast, low dissolved oxygen levels may signal the presence 

of pollution, the breakdown of organic matter, or other conditions that could disrupt 

the ecological balance within the water body [67]. Therefore, monitoring DO levels is 

fundamental for the conservation of aquatic environments. 

2.6.3 Conductivity 

Conductivity is a significant indicator of water quality, quantifying the ability of water 

to conduct an electric current [68]. This measurement is largely influenced by the 

concentration of dissolved ions present in the water. Conductivity serves as a crucial 

indicator of various aspects of water quality, as it can quickly reveal changes in 

pollutant concentrations, including nutrients, heavy metals, and industrial effluents. 

An increase in conductivity often suggests potential contamination, which can enable 

early detection and timely intervention to mitigate negative environmental impacts 

before they escalate into more serious issues [69]. 

2.6.4 Turbidity 

The turbidity of water is caused by the presence of colloidal or suspended particles 

that obstruct the passage of light through the liquid. These particles are  attributed to a 

variety of sources, including both organic and inorganic materials, or a mixture of the 

two. Since bacteria, viruses, and protozoa frequently attach themselves to these 

particles, implementing effective filtration systems becomes vital. Filtration not only 

eliminates turbidity but also plays a key role in reducing microbial contamination in 

treated water, as emphasized by the WHO in 2011 [70]. In certain groundwater 

sources, turbidity may arise from the presence of chalk particles, the precipitation of 
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insoluble forms of reduced iron, inert clay, or other oxides, particularly when water is 

extracted from anaerobic environments. Moreover, turbidity can significantly hinder 

the effectiveness of disinfection processes by providing shelter for microorganisms. 

Consequently, a considerable portion of water treatment efforts focuses on the removal 

of particulate matter prior to disinfection. Turbidity is measured in Nephelometric 

Turbidity Units (NTU), with turbidity that is visibly detectable by the naked eye 

usually recorded above approximately 4.0 NTU, according to WHO standards in 2011 

[70]. For effective disinfection, however, it is ideal that turbidity levels remain below 

1 NTU, and it is preferable for them to be much lower than that threshold [70]. 

2.6.5 Salinity 

Salinity is a fundamental water quality metric that plays a vital role in the 

comprehension and management of aquatic ecosystems. It quantifies the concentration 

of dissolved salts in water, with sodium chloride being the predominant component 

[68,69]. The salinity levels within water bodies have significant implications for the 

distribution, behavior, and health of various aquatic organisms. Different species of 

fish, invertebrates, and plants possess specific salinity tolerance ranges; deviations 

from these ranges can lead to stress, health issues, or even mortality among these 

organisms. Additionally, monitoring salinity is crucial in agricultural contexts, as high 

salinity levels in irrigation water can adversely affect soil structure and crop health 

[68]. Overall, salinity serves as a critical diagnostic tool for assessing the suitability of 

water for multiple uses, enhancing our understanding of ecosystem dynamics, and 

enabling the implementation of effective management strategies aimed at preserving 

the health and balance of aquatic environments. 
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2.7 Adsorption isotherms  

 
Adsorption isotherms play a pivotal role in water treatment processes, serving as a 

fundamental tool to understand and optimise the adsorption of contaminants onto solid 

surfaces [71]. In the realm of water purification, the relationship between the 

concentration of pollutants in the liquid phase and their uptake onto the adsorbent 

material is crucial for designing efficient treatment systems. Various isotherm models, 

such as the Langmuir and Freundlich equations, offer insights into the adsorption 

capacity, surface coverage, and affinity of adsorbents for specific contaminants. These 

isotherms help engineers and researchers predict the equilibrium behaviour of 

adsorption systems, facilitating the selection and optimisation of adsorbents for water 

treatment applications [72,73]. By harnessing the principles of adsorption isotherms, 

water treatment technologies can be tailored to remove pollutants efficiently and 

sustainably, ensuring the delivery of clean and safe water for diverse purposes. This 

research employed the  two adsorption isotherms, the Langmuir and Freundlich 

isotherms, and these are discussed briefly below.  

 
 

2.7.1 Langmuir adsorption isotherm  
 

The Langmuir adsorption isotherm is a fundamental model that describes the 

relationship between the adsorption of the adsorbate and adsorbent [72]. This model is 

particularly applicable to monolayer adsorption on a homogeneous surface, assuming 

that once a site on the adsorbent surface is occupied, no further adsorption can occur 

at that site. 

The Langmuir isotherm is based on the following assumptions [73]: 
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1. Adsorption occurs at specific homogeneous sites on the adsorbent surface. 

2. Each site can only accommodate one adsorbate molecule. 

3. All adsorption sites are equivalent and energetically identical. 

4. No interaction occurs between adsorbate molecules once they are absorbed. 

The Langmuir adsorption isotherm is widely used in the analysis of adsorption data 

and provides valuable information about the maximum adsorption capacity and the 

affinity of an adsorbate for a specific adsorbent under idealised conditions [74]. It 

serves as a foundational model in understanding and predicting adsorption behavior in 

various practical applications, such as in the design of water treatment processes or the 

development of adsorption-based technologies. 

2.7.2 Freundlich adsorption isotherms 

The Freundlich adsorption isotherm is a widely used model that describes the 

relationship between the adsorption of a solute onto a surface and its concentration in 

the solution at equilibrium. Unlike the Langmuir isotherm, the Freundlich model does 

not assume monolayer adsorption but allows for the formation of multilayer adsorption 

on a heterogeneous surface [72, 75]. The Freundlich isotherm is particularly suitable 

for describing adsorption on surfaces with varying affinities or energies. The 

Freundlich adsorption isotherm is versatile and can describe a range of adsorption 

behaviours, making it applicable to a variety of adsorption systems [75].  

2.8 Effects of parameters on adsorption efficiency 
 
2.8.1 Effect of Initial Concentration 

The initial concentration of a solute in the solution significantly affects the adsorption 

process by influencing the driving force that propels solute molecules onto the surface 

of the adsorbent material. When the starting concentration of a contaminant is higher, 



 20 

a larger concentration gradient exists, which intensifies the mass transfer rate of solute 

molecules toward the adsorbent’s surface, leading to a stronger driving force for 

adsorption [60]. This enhanced concentration gradient often results in a quicker and 

more efficient adsorption process, as it promotes rapid movement and attachment of 

contaminants to the adsorbent. Investigating the effect of initial concentration provides 

researchers with critical insights into the adsorption capacity and potential efficiency 

of activated carbon in removing contaminants. Furthermore, understanding how 

varying initial concentrations impact equilibrium adsorption capacity aids in 

optimizing the design and operational parameters of adsorption systems for real-world 

applications, such as wastewater treatment or pollution control. Such knowledge is 

invaluable for ensuring that adsorbent materials are applied most effectively in 

addressing environmental contamination challenges. 

2.8.2 Effect of Time 

Time is a crucial parameter in batch adsorption studies, directly affecting both the 

kinetics and the equilibrium state of adsorption. Studying the time variable in 

adsorption experiments reveals the dynamics of interaction between the adsorbate (the 

material being removed) and the adsorbent surface, helping researchers understand the 

rate at which the adsorbate attaches to the adsorbent over time [61,62]. Observing 

adsorption over time allows scientists to track trends and determine the point at which 

the adsorbent reaches its saturation capacity, signifying the optimal contact time 

necessary for achieving the maximum adsorption potential of the material [63]. Such 

time-related observations help establish when the adsorption system reaches 

equilibrium and can no longer increase its capacity for adsorbing contaminants, which 

is essential for planning efficient batch processes. By identifying the ideal contact time, 

adsorption systems can be fine-tuned to minimize resource use and maximize 
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effectiveness, ultimately enhancing the feasibility of these systems for large-scale 

water treatment or pollutant removal applications. 

2.8.3 Effect of Temperature 

Temperature is a critical factor in adsorption studies, as changes in temperature can 

significantly influence the rate of adsorption and the equilibrium capacity of an 

adsorbent. Variations in temperature affect the energy levels of both the adsorbent and 

adsorbate, altering the strength of interactions between them and providing insight into 

the exothermic or endothermic nature of the adsorption reaction [64]. Through 

temperature analysis, researchers can determine the conditions under which the 

adsorbent material performs most efficiently, enabling the optimization of adsorption 

systems for specific uses. In real-world applications, such as wastewater treatment, 

temperature adjustments may be needed to enhance adsorption capacity and ensure 

stable performance under diverse environmental conditions. Temperature studies are 

therefore indispensable for developing adaptable and effective adsorption systems, 

allowing them to achieve consistent contaminant removal and maintain efficiency 

even when exposed to varying external conditions. 

2.8.4 Effect of Adsorbent Dosage 

The amount of adsorbent material added to a solution is a crucial parameter that 

impacts the available surface area for adsorption and, by extension, the capacity for 

contaminant removal. Determining the appropriate adsorbent dosage is essential to 

strike a balance between maximizing adsorption efficiency and minimizing costs 

associated with excess material use [65]. An insufficient adsorbent amount may result 

in partial or incomplete contaminant removal, while an excessive amount may lead to 

diminishing returns without a proportionate increase in adsorption capacity. By 
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systematically adjusting adsorbent dosages, researchers can establish the ideal amount 

of material needed to achieve maximum contaminant adsorption while maintaining 

cost-effectiveness. Optimizing adsorbent dosage is a key step toward developing 

sustainable, resource-efficient adsorption systems that are economically viable for 

environmental cleanup applications [65,66]. This knowledge contributes to more 

efficient contaminant removal processes and supports the practical implementation of 

adsorption technologies for a range of pollution control and treatment scenarios. 

2.8.5 Effect of pH 

The pH level of a solution plays a vital role in the adsorption process, as it influences 

both the charge characteristics of the adsorbent material and the ionization state of the 

adsorbate. These factors determine the degree and nature of electrostatic interactions 

between the adsorbent and adsorbate, impacting the efficiency of adsorption [67]. 

Changes in pH can alter the surface charge of the adsorbent, thereby affecting its 

affinity for charged contaminants in the solution. By examining how different pH 

levels influence adsorption, researchers can identify the optimal pH range in which the 

adsorbent demonstrates the highest efficiency in removing target pollutants. This is 

particularly important for environmental applications, such as water purification, 

where the pH of source water can vary and affect contaminant removal. Studying the 

effect of pH in batch adsorption experiments allows researchers to design and adapt 

adsorption systems for specific environmental conditions, enhancing their 

applicability in diverse settings. This comprehensive understanding ensures that 

adsorption technologies can be tailored to maintain high performance and reliability 

in removing contaminants, thereby contributing to effective water treatment and 

pollutant mitigation strategies [68]. 
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CHAPTER 3: RESEARCH METHODS 

3.1 Materials and Chemicals used 

 
Chemicals including phosphoric acid, copper sulphate, hydrochloric acid, sodium 

hydroxide, sodium silicate, oleic acid, activated carbon, methyl orange, and methylene 

blue were procured from Sigma Aldrich. Filtration procedures employed a Diaphragm 

vacuum pump (model D97877), alongside Whatman® ashless filter papers (125 mm). 

Purified water was sourced from a Millipore Integral 3 water purification system. 

3.2 Instrumentation  

 
All carbonisation and activation tests were performed using a muffle furnace. Water 

quality parameters- including dissolved oxygen (DO), salinity, conductivity, total 

dissolved solids (TDS), and pH- were measured using a multi-parameter meter (model 

HI982911042) from Hanna Instruments. Turbidity levels in each water sample were 

determined with the HACH 2100AN Laboratory Turbidimeter, following the 

AWWA/APHA: 2130 B Nephelometric Method. Cu2+ and dye absorbance 

measurements were carried out with a UV/Vis spectrophotometer (model DR6000 by 

Hach®), operating across wavelengths of 300 to 750 nm. Infrared (IR) analysis was 

conducted with a PerkinElmer Spectrum Two LITA Fourier Transform infrared 

spectrometer, covering the spectral range of 4000–400 cm⁻¹ and utilising PerkinElmer 

Spectrum software (Version 10.5.1). Scanning electron microscopy (SEM) was 

performed using a JSM-IT300 microscope, with an accelerating voltage range of 0.3 

kV to 30 kV. X-ray diffraction (XRD) analyses employed a Panalytical Aeris X-ray 

diffractometer, scanning from 5 to 80° 2-theta with a step size of 0.022° and a cobalt 

radiation source. For Brunauer–Emmett–Teller (BET) surface area analysis, the Tristar 

II 3020 version 3.02 with nitrogen adsorption was used.  
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3.3 Waste paper Collection and Preparation of solutions  
 

Waste copy papers were collected around the University of Namibia (UNAM), while 

wastewater samples were sourced from the Gammams Water Care Works (GWCW) 

facility in Windhoek. These water samples were then transported to UNAM for 

treatment. The GWCW, located about 7 km north of central Windhoek in the Wanaheda 

suburb, serves as the municipal wastewater treatment plant for the city. Wastewater 

samples were specifically taken from both the inlet (influent) and outlet (effluent) 

stages of the treatment process. Additionally, dyes such as methylene blue (MB) and 

methyl orange (MO), along with the inorganic compound copper sulphate, were 

prepared in the laboratory at varying concentrations from 25 to 150 mg/L. 

3.4 Deinking of Copy paper  

 
The deinking of copy paper involved several key steps: pulping, blending, washing, 

and flotation. To remove ink from the paper, 50 g of copy paper was combined with 

100 mL of 1% NaOH and 100 mL of 1% Na2SiO3, creating a pulp with a pH ranging 

from 12.1 to 12.58 [76]. The pulp then underwent flotation, where 50 mL of oleic acid 

(a foaming agent) and 5 L of distilled water were added. Air was bubbled through the 

pulp, causing hydrophobic molecules, like ink, to attach to the bubbles and separate 

from the mixture [77]. The deinked paper was then rinsed with warm distilled water 

to neutralise the pH and filtered using suction filtration to remove excess water. 

Finally, the paper was dried in an oven at 50° C overnight, after which it was blended 

and prepared for conversion into activated carbon through chemical and physical 

activation methods. 
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3.5 Preparation of Activated carbon  
 
3.5.1 Chemical Activation  
 

A 5% solution of phosphoric acid (H3PO4) served as the impregnating agent for the 

activation process. The acid was thoroughly mixed with deinked paper pulp, and the 

mixture was allowed to sit at room temperature for 24 hours to ensure optimal 

interaction between the acid and paper fibers. After this soaking period, the mixture 

was heated to 110 °C on a hot plate for two hours, facilitating further absorption. Next, 

the treated sample underwent suction filtration and was rinsed with warm deionised 

water until a neutral pH was achieved [61]. The sample was then dried overnight in an 

oven set to 110 °C. Once dry, the paper was finely blended, placed in crucibles, and 

subjected to a high-temperature treatment in a furnace at 600 °C for two hours to 

initiate the carbonisation and activation phases. After cooling to room temperature, the 

resulting activated material was washed with a 0.1% HCl solution (prepared by 

diluting 10 mL of concentrated HCl in 100 mL of distilled water) to eliminate any 

remaining impurities. This was followed by a second rinse with hot deionized water to 

ensure a neutral pH was maintained. Finally, the activated carbon sample was dried 

again at 110 °C overnight, then ground into a fine powder using a mortar and pestle. 

The finished activated carbon was stored in clean, airtight vials, ready for applications 

and further experimental use. 

 

3.5.2 Physical activation  
 

The de-inked waste copy paper was placed in crucibles and subjected to activation in 

a furnace set at 600°C for a duration of 2 hours. After activation, the samples were 

gradually allowed to cool to room temperature. The resulting activated carbon (AC) 
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was then thoroughly washed with a 0.1% HCl solution to eliminate any residual 

impurities, followed by rinsing with hot deionised water to achieve a neutral pH level 

[61,62]. Subsequently, the samples were dried in an oven at 110°C overnight to ensure 

complete moisture removal. Once fully dried, the activated carbon samples were  

grounded and carefully transferred to labelled vials for storage and ready for 

applications. 

 

Figure 1 Research design: (a) Collection of waste copy paper; (b) Blending of copy 

paper; (c) Use of a flotation system to remove ink;  (d) Washing and filtration of copy 

paper via suction; (e) Drying of copy paper in an oven; (f) Blended copy paper; (g) 

Placement of copy paper in crucibles; (h) Carbonization of activated carbon  in a 

muffle furnace at 600°C; (i) Activated carbon prepared; (j) Washing of AC with 0.1% 

a b c d

efgh

i j k l
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HCl followed by distilled water; (k) Mechanical grinding of AC with mortar and 

pestle; (l) AC stored in vials, ready for application. 

 

3.6 Characterisation of prepared Activated Carbon from waste paper 

 
3.6.1 Physical Characterisation of Prepared Activated Carbon  
 

3.6.1.1 Yield of cellulose Activated carbon  
 

The percentage yield of each sample was determined by using the following equation 

[61]:  

%	yield = 	!!
!"
	× 100        Equation 3.1 

where M1 represents the mass (g) of copy paper and M2 represents AC mass (g)  

3.6.1.2 pH of Activated Carbon  
 

0.5 g of the prepared ACs were placed in labelled 250 mL round bottom flasks. 100 

mL of distilled water was added into the flask using a measuring cylinder. The mixture 

was stirred on a magnetic stirrer for 1 hour. A pH meter was used to determine the pH 

of the solutions and recorded. 

3.6.1.3 H2O Solubility of Activated Carbon 
 

In a flask, 0.5 g of  AC was added, then 25 mL of water was added. The flask was then 

connected to the condenser. Subsequently, the setup was brought to a boil on the hot 

plate and refluxed for one hour. Afterwards, the solution underwent filtration, and the 

resulting filtrate was transferred to an evaporating dish, weighed, and then placed on 

the hot plate for evaporation, followed by further drying in the oven. Once the solution 
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cooled to room temperature, it was weighed again. The water solubility was calculated 

as follows . 

 %	H"O	Solubility = 	
#"$#!
#"

	× 100                 Equation 3.2                                                         

where W1 represents the mass (in grams) of the evaporating dish and water soluble and 

W2 represents the mass of the empty dish (g) 

3.6.1.4 Acid Solubility of Activated Carbon  
 

In a flask, 0.5 g of AC was introduced, and 25 mL of water was added. Subsequently, 

5 mL of concentrated HCl was introduced. The flask was then connected to a 

condenser. Following this, the setup was brought to a boil on the hot plate and refluxed 

for one hour. After the reflux, the solution underwent filtration, and the resultant filtrate 

was transferred to an evaporating dish, weighed, and placed on the hot plate for 

evaporation, followed by additional drying in the oven. Once the solution had cooled 

to room temperature, it underwent another weighing . 

%	Acid	Solubility = 	#"$#!
#"

	× 100         Equation 3.3 

                                                      

where W1 represents the mass in grams of the evaporating dish and acid soluble and 

W2 represents the mass of the empty dish (g) 

 
3.6.1.5 Density of Activated Carbon  
 

The densities of the prepared ACs were determined using a method similar to that of 

Guellati et al  [55]. 0.5g of each AC was added to a 10 mL measuring cylinder and the 

volume readings were taken. The cylinders were tapped on a palm for 25, 50,75, and 
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100 times, and volume readings and masses were taken. The density was calculated 

using the formula:  

Density = %&''	)*	+,
-)./%0	)*	+,

        Equation 3.4 

 

 3.6.1.6 Moisture of Activated Carbon  
 

The moisture content was determined by heating 0.5 g (W1)   of each sample and 

heating it in the oven for 2 hours at a constant temperature of 110°C [56]. The product 

was cooled at room temperature and reweighed (W2). The moisture content for each 

sample was obtained using this equation: 

%	moisture = 	#"$#!
#"

	× 100		                 Equation 3.5  

3.6.1.7 Volatile matter 
 

The volatile matter for each sample was determined by heating the crucible in the 

furnace for 1 hour at 650 ° C and weighed [78]. 0.5 grams (W1) of the dry sample was 

added to the crucibles and weighed. The samples were heated in the furnace for 10 

minutes at 900 ° C [78]. They were cooled in the desiccator and their masses (W3) 

were taken after. The amount of the volatile matters in each crucible were determined 

by using the equation: 

	%	Volatile	matter = 	#"$##
#"

	× 100		                                              Equation 3.6  

3.6.1.8 Ash content 
 

The ash content was determined by pre-heating three crucibles in a muffle furnace at 

650 oC for 1 hour, cooling them in a desiccator, and weighing them [79] One gram(W1) 

of each AC was added to the pre-weighed crucibles. These crucibles with AC were 
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placed in a muffle furnace and heated at 750 oC for 5 hours [79]. The crucibles were 

left to cool overnight and removed the following day and reweighed (W2). The ash 

content for each sample was determined using equation: 

  		%	ash = #!	
#"
	× 100			         Equation 3.7 

3.6.1.9 Fixed Carbon  
 

Fixed carbon refers to the portion of solid carbon in biomass that stays within the char 

after the volatile components are removed during the pyrolysis process . It is calculated 

using the following equation [80]: 

Fixed Carbon = 100 – (% moisture content+ % volatile matter + % ash content)    

Equation 3.8 

3.6.2 Chemical Characterisation of Activated Carbon  
 

3.6.2.1 Fourier Transform Infrared Spectroscopy Analysis 
 

A small quantity of the activated carbon sample was placed on the sample holder, and 

infrared radiation was passed through it. The absorbance spectrum was recorded over 

a wavenumber of  4000–400 cm⁻¹. The resulting peaks were analysed to identify the 

functional groups present on the surface of the activated carbon, indicating chemical 

bonds and surface functionalities [58,59]. 

3.6.2.2 Scanning Electron Microscope 
 

Activated carbon samples were mounted on stubs and coated with a thin conductive 

layer. The sample surface was then scanned with a focused electron beam. The emitted 

signals were collected to produce high-resolution images showing the surface 

morphology, including pore structure, shape, and distribution [59].  
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3.6.2.3 X-Ray Diffraction  
 

Activated carbon samples were spread evenly on a sample holder and scanned using 

X-ray radiation over a range of angles. The diffraction pattern was recorded, and the 

positions and intensities of the peaks were analyzed to determine whether the activated 

carbon structure was crystalline or amorphous. 

3.6.2.4 Surface area and porosity using the Brunauer-Emmett-Teller Analysis 
 

In this study, nitrogen adsorption analysis was performed to determine the specific 

surface area, pore size and pore volume of the activated carbon produced from waste 

paper. The data were interpreted using the Brunauer-Emmett-Teller Analysis.  

3.7 Evaluation of the effectiveness of the AC in removing contaminants in 
Wastewater 

 
Batch adsorption experiments were carried out to examine the removal of dyes and 

Inorganic compound using the following parameters: pH (2 - 12), temperature (28.0 - 

80.0°C), contact time (10 - 120 min), initial concentration (25 - 150 mg/L) and 

adsorbent particle size (0.05 - 0.2 g). The samples were analysed using the UV-Vis 

spectrophotometer, which showed the absorbance capacity of the ACs produced.  

3.8 Adsorption Capacity of Prepared Activated carbon   

 
To assess the adsorption capacity of the ACs, solutions of CuSO4, MB and MO were 

utilised as adsorbates. It is to be noted that Cu2+ ions released from the dissociation of 

CuSO4 in water was the focus of the study.  Initially, stock solutions of CuSO4, MB 

and MO were prepared with a concentration of 200 mg/L. Achieving solution 

homogeneity was ensured by stirring the solutions overnight with a magnetic stirring 
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bar. Subsequently, these solutions were appropriately diluted to create four distinct 

concentrations (25, 50, 100, and 150 mg/L for each compound), achieved by diluting 

12.5, 25, 50, and 75 mL of the respective stock solutions in 100 mL of distilled water. 

To investigate the impact of different concentrations of MB and MO, 25 mL of various 

concentrations of each compound were placed in separate Erlenmeyer flasks, and 0.05 

g of ACs were added to each flask. The solutions were gently stirred at room 

temperature (28.0 ° C) for 60 minutes. To examine the effect of time, 25 mL volumes 

of 100 mg/L concentrations of CuSO4, MB and MO were placed in separate 

Erlenmeyer flasks, and 0.05 g of AC was added to each flask. The solutions were 

stirred at room temperature for various times (10, 30, 60 and 120 minutes). To study 

the effect of temperature, 0.05 g of ACs were placed in different flasks with 25 mL of 

100 mg/L of CuSO4, MB and MO, respectively. These flasks were subjected to various 

temperatures (28.0, 40, 60, and 80 oC) and stirred for 60 minutes. Finally, to examine 

the influence of pH, Erlenmeyer flasks containing 25 mL volumes of 100 mg/L 

concentrations of CuSO4, MB and MO were prepared. To each solution, 0.05 g of AC 

was added. The pH levels were then adjusted to 2, 4, 8, and 12 using 0.1 M solutions 

of HCl and NaOH. Subsequently, the solutions were stirred at room temperature for 

60 minutes. 

Following the adsorption procedures, the samples underwent filtration, and the 

UV/Vis spectrophotometer was employed to measure the absorbance of CuSO4, MO 

and MB. The concentrations and absorbances of the adsorbates were deduced from the 

calibration plot. The adsorbed quantities of Cu2+, MO and MB by the prepared AC 

were expressed as removal percentages.  
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Removal efficiency was calculated using the following equation [80]: 

Removal Efficiency = 123456	789:;852<=$>4256	789:;852<=
123456	789:;852<=

 x 100     Equation 3.9         

     

3.9 Wastewater treatment with the prepared Activated carbon  

 
Initially, the wastewater from the Gammams Water Care works facility (influent and 

effluent) underwent a 24-hour settling period without disturbance to facilitate the 

sedimentation of larger particulate impurities. The resulting decant was then filtered 

to remove suspended particulate matter that could potentially impede active adsorption 

sites on the activated carbon. 

In 250 mL flasks, 100 mL of the clarified wastewater was placed. To evaluate the 

impact of adsorbent dosage, varying quantities of ACs (0.05, 0.1 and 0.2 g) were added 

to individual flasks. The solutions were gently stirred at room temperature for 60 

minutes. Afterwards, water quality parameters, including conductivity, DO, turbidity, 

salinity, and TDS, were measured using a multi-parameter meter. 

The influence of contact time on the treatment process was explored by introducing 

0.1 g of AC into 100 mL of wastewater within a flask. Water quality parameters were 

then measured at different time intervals, specifically at 10, 30, 60 and 120 minutes. 

Lastly, the effect of temperature was assessed by subjecting the wastewater to various 

temperatures (28.0, 40.0, 60.0, and 90.0 oC) for 60 minutes with continuous stirring. 

0.1 g of AC was used.  This rigorous methodology allowed for the evaluation of the 

ACs efficiency in treating wastewater, considering adsorbent dosage, temperature, and 

contact time as crucial factors in achieving optimal purification outcomes. 

 

 



 34 

3.10 Statistical Analysis:  
 

Each experiment was conducted three times to ensure rigour, reliability, and the 

generation of meaningful conclusions, and the average results were used. The standard 

deviation of the averages was below 5, which indicates that the individual values used 

to calculate the averages are relatively close to the mean. 
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CHAPTER 4: RESULTS AND DISCUSSIONS 
 

This chapter presents the results of the prepared activated carbon, focusing on both its 

physical and chemical characterisation. It evaluates the efficiency of the activated 

carbon in removing contaminants from domestic wastewater, as well as its 

effectiveness in adsorbing dyes (methyl orange and methylene blue) and copper ions 

(Cu²⁺), which were introduced into solution through the dissociation of copper sulphate 

(CuSO₄). For clarity, AC-1 refers to activated carbon produced through physical 

activation, AC-2 refers to chemically activated carbon using phosphoric acid, and AC-

3 represents commercial activated carbon. 

4.1 Physical Characteristics of prepared Activated Carbon  

 
Figures 2 – 4 summarizes the physical characteristics of three types of activated 

carbons: AC-1, AC-2, and AC-3. These parameters offer insights into the quality and 

suitability of each type of activated carbons.  

4.1.1 pH 

AC-1 exhibited the highest pH value of 10.94, indicating a strongly basic nature. This 

can be attributed to the presence of residual inorganic compounds such as mineral ash, 

which are often retained during physical activation. AC-2 showed a slightly alkaline 

pH of 8.27 due to the introduction of acidic phosphate functional groups from the 

phosphoric acid used during activation. These acidic groups partially neutralise the 

basic surface [11, 62]. AC-3 had the lowest pH (7.33). The pH values suggest that AC-

1 may be more effective for adsorbing acidic pollutants, while AC-2 and AC-3 are 

better suited for use in neutral or slightly alkaline environments. 
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4.1.2 Density  
 
AC-1 and AC-2 had relatively lower densities of 1.12 g/cm³ and 0.89 g/cm³, 

respectively, while AC-3 had the highest density at 1.80 g/cm³. The high density of 

AC-3 implies a more compact and uniform structure, characteristic of commercial 

activated carbons with controlled production processes [19, 25]. In contrast, the lower 

density in AC-2 suggests a more porous structure, which may enhance surface area 

and adsorption potential. 

4.1.3 Yield of activated carbon  

The carbon yield was highest in AC-2 (24.2%), followed by AC-1 (12.8%). This 

significant difference highlights the efficiency of chemical activation in preserving 

more carbon mass during production. Chemical agents such as phosphoric acid 

promote better structural retention, whereas physical activation often leads to greater 

mass loss due to higher thermal degradation [61]. 

4.1.4 Ash content  

Ash content was highest in AC-1 at 16.7%, slightly lower in AC-2 at 14.29%, and 

completely absent in AC-3. High ash content indicates the presence of inorganic 

residues, which may block active sites and reduce adsorption efficiency [87,88]. The 

absence of ash in AC-3 points to a purer form of carbon, enhancing its effectiveness 

in adsorption applications. 

4.1.5 Moisture content 
 
Moisture content were highest in AC-1 (8.5%), followed by AC-2 (6.5%), with AC-3 

having the lowest (0.17%). Lower moisture content is desirable, as excess water can 

hinder adsorption by occupying active sites [11, 88].  
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4.1.6 Volatile matter 

Volatile matter, which reflects the presence of unstable organic compounds, was 

significantly higher in AC-1 (33.3%) compared to AC-2 (14.3%) and AC-3 (10%). 

Lower volatile content in AC-2 and AC-3 suggests a higher degree of carbonisation, 

enhancing their thermal stability and adsorption durability [88]. 

4.1.7 Fixed carbon  

Fixed carbon is a key indicator of the quality and stability of activated carbon, as it 

reflects the amount of carbon available for adsorption and structural integrity. It was 

highest in AC-3 (89.83%), followed by AC-2 (64.91%) and AC-1 (41.5%). This 

pattern aligns with the greater thermal processing and activation efficiency of 

commercial and chemically activated carbons. Higher fixed carbon is preferred for 

better adsorption and thermal stability [26,88].  

4.1.8 Acid solubility  
  

Acid solubility tests help determine the stability of activated carbon in acidic 

environments and indicate the presence of acid-soluble impurities such as metal oxides 

or mineral residues. Among the samples, only AC-1 showed a 5% solubility in acid, 

while AC-2 and AC-3 were completely insoluble. The partial solubility of AC-1 is 

likely due to residual inorganic compounds left behind during the physical activation 

process, which are more prone to dissolution in acidic media. In contrast, the absence 

of acid solubility in AC-2 and AC-3 suggests that these carbons have a more stable 

and chemically resistant structure [27].  
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4.1.9 Water solubility  
Water solubility was consistent across all samples (5%), indicating the presence of 

some water-soluble surface compounds or functional groups. These could include 

polar organic residues or loosely bound minerals that were not completely removed 

during washing [27]. However, the low solubility values suggest that the activated 

carbons remain largely stable in aqueous environments, which is important for 

maintaining their performance in water treatment applications.   

                  

                  Figure 2: Yield and proximate analysis of AC-1, AC-2 and AC-3. 

             

   Figure 3: Density and pH of AC-1, AC-2 and AC-3.     Figure 4: Water and acid solubility 
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4.2 Chemical Characteristics of Activated Carbon  

4.2.1  Fourier Transform Infrared Spectroscopy Analysis 
 

Figure 5 displays the FTIR spectrum of chemically activated carbon derived from 

waste paper (AC-2). The peaks observed provide insights into the functional groups 

present on the activated carbon surface. The peaks at 3679.7 cm⁻¹ and 3712.2 cm⁻¹ 

correspond to O-H stretching vibrations, likely indicating the presence of hydroxyl 

groups, which could be attributed to residual moisture or alcohol groups - a common 

feature in biomass-derived activated carbons [61,62]. 

Multiple peaks in the range of 2977.2 cm⁻¹ to 2821.1 cm⁻¹ indicate C-H stretching 

vibrations, suggesting some aliphatic character such as residual CH₂ and CH₃ groups 

originating from the organic components in the waste paper feedstock. The peak 

at 1055.3 cm⁻¹ is likely due to P-O and P=O stretching in phosphate or phosphoric acid 

derivatives, a result of the phosphoric acid used during activation. This incorporation 

of phosphorus-containing groups is advantageous, as they can enhance the adsorption 

properties of the carbon [62]. 

The peaks at 1012.7 cm⁻¹ and 1032.5 cm⁻¹ are indicative of C-O stretching, typically 

associated with ether or alcohol groups, suggesting the presence of oxygen-containing 

functionalities that may enhance the carbon’s hydrophilicity and interactions with 

polar molecules. 

Overall, the FTIR spectrum reveals a combination of hydroxyl, aliphatic C-H, 

phosphorus-containing, and C-O groups. These functional groups contribute to the 

surface chemistry of the activated carbon, improving its adsorption capacity, 

particularly in aqueous applications. The phosphorus groups, derived from phosphoric 
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acid activation, are particularly beneficial for adding acidic sites, which further 

enhance adsorption potential of the adsorbent. 

   

Figure 5: FTIR spectrum of activated carbon prepared from waste paper by chemical 

activation (AC-2) 

 

Figure 6 presents the FTIR spectrum of physically activated carbon, highlighting two 

prominent peaks at 1416.3 cm⁻¹ and 876.42 cm⁻¹. The peak observed at 1416.3 cm⁻¹ is 

generally attributed to C=C stretching vibrations within aromatic rings, indicating 

aromatic structures within the carbon. This is a common feature in activated carbon, 

as carbonisation promotes the development of stable aromatic rings and conjugated 

double bonds, which enhance both structural stability and adsorption capabilities. This 

peak might also suggest minor C-O stretching from carboxylate ions (COO⁻), hinting 

at the presence of residual oxygen-containing functional groups, which often remain 

even after physical activation processes [81]. 

O-H 
C-H 

P=O 

C-O 
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In addition, the peak at 876.42 cm⁻¹ is typically linked to C-H out-of-plane bending 

vibrations in aromatic rings, particularly those with isolated or substituted hydrogen 

atoms. In the context of activated carbons, this peak reflects the formation of 

polycyclic aromatic structures, indicating that the material has transitioned towards an 

aromatic, graphitic-like framework during activation. These structural transformations 

are particularly beneficial for adsorption, as the aromatic network allows for π-π 

interactions with organic pollutants, enhancing the material's ability to trap and retain 

various contaminants [81].  

    

  

Figure 6: FTIR spectrum of activated carbon prepared from waste paper by physical 

activation (AC-1) 

 

4.2.2  Scanning electron microscopy analysis 

Scanning Electron Microscopy (SEM) provides valuable insights into the surface 

morphology of materials, revealing micrographs that display a variety of pores and 

C=C 

C-H 
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structures.  Figures 7 and 8 showcase SEM images of activated carbon produced 

through two different activation methods: physical activation (figure 7) and chemical 

activation (figure 8). 

The SEM images in Figure 7, representing physically activated carbon, exhibits a 

dense, bulk morphology with irregularly shaped granules and no visible microspheres. 

This is consistent with findings in physically activated carbon from other 

lignocellulosic sources, such as sawdust and starch, as noted in previous studies [82]. 

Physically activated carbons typically undergo high-temperature treatment in an inert 

or oxidising environment, leading to the removal of volatile components and pore 

formation. However, the structure produced often shows limited porosity and an 

uneven distribution of pores, with a less-developed network of accessible channels 

compared to chemically activated carbon. Additionally, areas with white residue are 

visible in Figure 7, which may indicate ash or residual minerals from the waste paper 

that were not entirely removed during activation. 

In contrast, the SEM image in Figure 8, corresponding to chemically activated carbon, 

shows a much more porous structure and the presence of tubular carbon formations. 

This is largely due to the chemical activation process, where reagents like phosphoric 

acid interact with the precursor material to facilitate dehydration and expansion, 

promoting the formation of a more extensive pore network [62]. This method allows 

for a more uniform and developed porosity, resulting in enhanced accessibility and 

greater surface area. 
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 Figure 7: SEM images (a and b) of activated carbon prepared from waste copy   paper 

through physical activation. 

            

Figure 8: SEM images (a and b) of activated carbon prepared from waste copy paper 

by chemical activation. 

       

4.2.3  X-Ray Diffraction  Analysis 

Figure 9 shows the XRD spectrum of AC obtained from waste paper through physical 

activation. The figure shows distinct peaks at 26.896°, 31.09°, 34.32° (highest 

intensity), 42.131°, 46.216°, 50.759°, 55.953°, 57.192°, 68.036°, and 77.121°. The 

peak around 26.896° corresponds to the (002) plane, which indicates the presence of 

graphitic carbon structures; this peak is typical in carbon materials and is associated 

  a b 

  a b 
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with stacked graphitic layers, albeit in a more disordered arrangement for activated 

carbons [83].  

The peaks at 31.09°, 42.131°, and 50.759° may represent other graphitic planes such 

as (100) or (101) [83,84], often seen in disordered carbon and indicating polyaromatic 

layers within the structure. These planes contribute to the material’s slightly crystalline 

nature due to regions of aligned carbon layers. Additionally, peaks in the 55-58° 

range (notably 55.953° and 57.192°) could suggest the presence of crystalline 

impurities or residual mineral content from the precursor or activation process. 

Overall, the presence of multiple sharp peaks suggests a level of crystallinity higher 

than that of a fully amorphous carbon, likely due to partial graphitisation during 

physical activation. However, the carbon remains largely disordered, as indicated by 

the broadening and distribution of peaks. This combination of ordered (graphitic) and 

disordered regions typically enhances the activated carbon's surface area and porosity, 

making it suitable for adsorption applications. 
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 Figure 9: XRD Spectra of activated carbon prepared from waste paper by physical 

activation. 

 

Figure 10 presents the XRD pattern of activated carbon prepared through phosphoric 

acid activation, where specific 2θ peaks reveal structural characteristics and possible 

phases within the carbon. The observed peaks at 23.397° and 25.744°, which fall 

within the typical range of 2θ ≈ 24-26°, are associated with the (002) plane of graphitic 

carbon [83]. These peaks suggest the presence of graphitic-like layers, however, the 

significant disorder indicated by the broadness of these peaks is characteristic of 

activated carbons. 

This broad, less-defined region further supports the notion that the carbon structure 

lacks long-range order and is predominantly amorphous in nature.  

Additionally, the peak at 50.759° could correspond to the (100) or (101) planes of 

disordered graphite, signifying areas of graphitic order, albeit minimal [83,84]. This 

peak may also indicate residual phosphorus-containing species embedded in the 
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carbon matrix due to phosphoric acid activation. Such phosphorus residues can 

contribute to unique structural features and may impact the material's surface 

chemistry and adsorption properties, potentially enhancing the activated carbon's 

effectiveness in specific applications. Overall, the XRD pattern reflects a largely 

disordered carbon structure with small graphitic domains, consistent with the expected 

properties of chemically activated carbon. 

 

 

 

 

 

Figure 10: XRD Spectra of activated carbon from waste paper prepared by chemical 

activation. 

 

In summary, the XRD patterns of AC- 1 (figure 9) and AC-2 (figure 10) show clear 

differences which could be linked to their different activation methods, AC-1 had more 

and sharper peaks, meaning it has some ordered, graphitic structures [83]. In contrast, 

AC-2 showed broader peaks, indicating that its structure is mostly disordered or 

amorphous [83, 84]. 
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4.2.4  Brunauer-Emmett-Teller  Analysis 
 

Table 2 provides the BET analysis results for two activated carbon samples, AC-1 and 

AC-2, which were prepared through physical and chemical activation, respectively. 

The data reveal key differences between the two. AC-2 shows a notably higher specific 

surface area of 678.01 m²/g compared to 455.22 m²/g for AC-1, reflecting the enhanced 

porosity typical of chemical activation. Additionally, the t-Plot external surface area 

for AC-2 is 262.15 m²/g, higher than that of  AC-1 (175.08 m²/g), indicating a greater 

contribution from meso- and macropores in AC-2.  The Barrett-Joyner-Halenda (BJH) 

method estimates pore surface area specifically for mesopores and larger pores. The 

BJH adsorption and desorption cumulative surface areas also favour AC-2 (255.84 

m²/g and 237.66 m²/g) over AC-1 (207.38 m²/g and 237.95 m²/g), further highlighting 

enhanced mesoporosity for AC-2, which can be advantageous for adsorbing larger 

molecules. 

The t-plot micropore volume for AC-2 is 0.21573 cm³/g, surpassing that of AC-1 

(0.14577 cm³/g), suggesting that AC-2 has a greater capacity for adsorbing smaller 

molecules due to its higher microporosity. Interestingly,  the average pore diameter for 

AC-2 is much larger (294.28 Å) than that of AC-1 (112.93 Å), implying a broader 

range of pore sizes, which can facilitate adsorption of larger molecules or be beneficial 

for liquid-phase adsorption. 

Overall, AC-2, with its increased surface area, higher pore volume, and larger average 

pore diameter, appears to be more versatile, suitable for a wider range of adsorption 

applications, from small molecules to larger organic contaminants. These 

characteristics align with the expected impact of chemical activation, which promotes 
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both microporosity and mesoporosity, making AC-2 more adaptable compared to the 

physically activated AC-1. 

Table 2: Results obtained from the BET analysis of activated carbon 

Activated 
Carbon 

Specific 
Surface 
Area 
(m2/g) 

t-plot 
External 
Surface 
Area 
(m2/g) 

BJH 
Adsorption 
Cumulative 
Surface 
Area 
(m2/g) 

BJH 
desorption 
Cumulative 
Surface 
Area 
(m2/g) 

t-Plot 
micropore 
volume 
(cm³/g) 

Adsorption 
average 
pore 
diameter 
(Å) 

Physical 

activation 

455. 22 175.08 207.38 237.95 0.14577 112.93 

Chemical 

activation  

678.01 262.15 255.84 237.66 0.21573 294.28 

 

4.2.5  Langmuir and Freundlich adsorption isotherm  Analysis 

 

To evaluate the adsorption characteristics of the prepared activated carbon samples, 

the Langmuir and Freundlich adsorption isotherm models were employed using 

nitrogen gas as the adsorbate. These models were applied separately to physically 

activated carbon (AC-1) and chemically activated carbon treated with phosphoric acid 

(AC-2) and the results were compared to understand the influence of activation method 

on adsorption behaviour.  

The adsorption behavior of nitrogen gas on the physically activated carbon (AC-1) was 

evaluated using both the Freundlich and Langmuir isotherm models. The Freundlich 

adsorption isotherm plot (figure 11) demonstrated a moderate correlation (R² = 

0.7486), suggesting partial adherence to the model’s assumption of heterogeneous 

surface adsorption. From the slope (0.1535) and y-intercept (1.8806) of the linearized 



 49 

plot, the Freundlich constant (n = ?
96:@=

) was calculated as 6.51, and the adsorption 

capacity (Kf = 10A$423=;<=@3) as 75.96 cm3/g. An n-value greater than 1 signifies 

favorable adsorption [89], and the relatively high Kf reflects a notable adsorption 

capacity of nitrogen, albeit with limited surface heterogeneity. 

Conversely, the Langmuir isotherm plot (figure 12) displayed a highly linear 

relationship (R² = 0.9985), indicating that the adsorption process aligns closely with 

the Langmuir model’s assumptions of monolayer coverage on a uniform surface [90]. 

The slope (0.0055) and y-intercept (0.0786) were used to determine the maximum 

adsorption capacity (Qm = ?
96:@=

 = 181.81 cm3/g) and the Langmuir constant (b = 

?
(A$423=;<=@3)(DE)

 = 0.0700 1/mmHg). The high Qm value (181.81 cm³/g) indicates that 

the physically activated carbon has a large surface area and high capacity for nitrogen 

gas adsorption [62, 90]. The moderate b value (0.0700 mmHg⁻¹) suggests favorable 

but weak interactions, typical of physisorption [19]. Therefore, the Langmuir model 

best describes the adsorption behaviour of nitrogen on physically activated carbon 

(AC-1), highlighting its monolayer adsorption capacity and surface uniformity [73].  
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Figure 11: Freundlich linear plot obtained for the activated carbon prepared using 

physical activation. 

 
                     

 

Figure 12: Langmuir linear plot obtained for the activated carbon prepared through 

physical activation.  

 

Figure 13 the adsorption results for chemically activated carbon (AC-2) showed that 

the Langmuir model had a stronger fit (R² = 0.9961) compared to figure 14 for the 

y = 0.1535x + 1.8806
R² = 0.7486

0

0.5

1

1.5

2

2.5

-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5

lo
g 

(Q
)

log (P)

y = 0.0055x + 0.0786
R² = 0.9985

0

0.5

1

1.5

2

2.5

3

0 100 200 300 400 500 600

P/
Q

 (m
m

H
g.

 g
/c

m
3)

Pressure (mmHg)



 51 

Freundlich model (R² = 0.8106), indicating that nitrogen gas adsorption occurred 

mainly as a monolayer on a uniform surface. The high Qm value (263.16 

cm³/g) suggests a large adsorption capacity, which reflects the well-developed porous 

structure created by phosphoric acid activation [ 11, 62]. The b value (0.03831 

1/mmHg) also indicates favorable but physical adsorption. Although the Freundlich 

model also showed favorable adsorption with n = 5.75 and Kf = 93.26 cm³/g, the lower 

R² suggests it fits the data less accurately than the Langmuir model. Overall, the 

Langmuir model better describes the adsorption behavior of this chemically activated 

carbon. 

                       

 

Figure 13: Langmuir linear plot obtained for the activated carbon prepared by 

chemical activation using phosphoric acid. 
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Figure 14: Freundlich linear plot for prepared activated carbon Chemical activation 

using phosphoric acid. 

 

Both physically (AC-1) and chemically (AC-2) activated carbon samples 

demonstrated favorable adsorption characteristics, but the chemically activated carbon 

exhibited superior performance overall. The Langmuir model provided a better fit for 

both ACs, suggesting that adsorption occurs primarily as a monolayer on uniform 

surfaces. AC-2, which was activated using phosphoric acid, had a higher monolayer 

adsorption capacity (Qm = 263.16 cm³/g) than AC-1 (Qm = 181.81 cm³/g), indicating a 

greater surface area and more efficient pore structure. While both isotherms showed 

favorable adsorption intensity (n > 1), the stronger correlation (R² = 0.9961) and higher 

Qm of AC-2 suggest it is more effective. Therefore, chemically activated carbon is 

more suitable for water treatment, especially in removing contaminants such as dyes 

and heavy metals, due to its enhanced adsorption efficiency and surface characteristics. 
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4.3 Wastewater treatment with Activated Carbon  

The efficiency of water treatment using the prepared activated carbons- physically 

activated (AC-1), chemically activated with phosphoric acid (AC-2), and 

commercially available activated carbon (AC-3) - was assessed by analysing influent 

(raw) and effluent (semi-treated) water samples before and after treatment. The 

removal efficiency (RE) was used as a key performance indicator. Table 3 presents the 

physicochemical characteristics of the untreated wastewater collected from the 

Gammams treatment facility. 

To evaluate the performance of the activated carbons in enhancing water quality, both 

raw (influent) and semi-purified (effluent) domestic wastewater samples were treated. 

The initial quality parameters of the raw water included a total dissolved solids (TDS) 

concentration of 785 mg/L, dissolved oxygen (DO) of 0.55 mg/L, electrical 

conductivity of 2384 µS/cm, turbidity of 355 NTU, and salinity of 0.57 PSU- values 

typical of untreated domestic effluent. The influence of activated carbon dosage, 

contact time, and temperature on the removal of these contaminants was investigated.  

                   Table 3: Water quality parameters of Gammams Raw water. 

Physico-chemical 

parameters 

Influent Effluent 

TDS (mg/L) 785 698 

DO (mg/L) 0.55 5.80 

Conductivity 

(µS/cm) 
2384 1594 

Turbidity (NTU) 355 2.31 

Salinity (PSU) 0.57 0.41 
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4.3.1 Effect of dosage on the removal efficiency of contaminants  
 

The effect of AC dosage on water treatment was studied at room temperature with the 

contact time of 60 minutes. 0.05, 0.1 and 0.2 g of AC were added to 100 ml of 

wastewater.  Data in figures 15 through 19 illustrate the removal efficiencies for 

pollutants at various AC dosages. Turbidity demonstrated the highest removal 

efficiency across all three ACs (AC-1, AC-2, and AC-3), consistently achieving over 

90% removal. Notably, AC-2 achieved the highest turbidity reduction, with a 97.2% 

removal efficiency at a 0.05 g dosage. Dissolved oxygen (DO) showed the next highest 

removal rates, with AC-1 achieving an 89.3% reduction at a 0.2 g dosage. Conductivity 

removal ranked third, with the most effective reduction being 57.34%, observed with 

AC-1 at a 0.1 g dosage. In contrast, total dissolved solids (TDS) and salinity exhibited 

lower removal efficiencies, with TDS reaching a maximum of 15.8% at a 0.2 g dosage 

in AC-1. 

The results show that AC-1 (physically activated carbon) achieved the highest removal 

efficiency for most water quality parameters. However, all three activated carbons 

(AC-1, AC-2, and commercial AC-3) demonstrated effective contaminant removal 

from domestic wastewater, with the prepared carbons (AC-1 and AC-2) performing 

comparably to the commercial product. 

To add on, figures 15 to 19 also present the removal efficiencies for various parameters 

in the semi-purified wastewater (effluent). Among the effluent parameters, 

conductivity exhibited the highest removal efficiency, reaching 53.7% with a 0.1 g 

dosage of AC-1. This was followed by turbidity, which was reduced by 49.78% with 

AC-3 at the same dosage, and TDS, which showed a removal efficiency of 35.36% 

with a 0.2 g dosage of AC-3. Salinity followed with a 24.39% removal efficiency at a 
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0.1 g dosage of AC-1, and DO displayed the lowest removal efficiency, with a 

reduction of 6.9% observed in both AC-1 and AC-3. 

A comparison between the removal efficiencies in the influent (raw water) and the 

effluent shows lower removal rates in the effluent, as detailed in figures 15 to 19  as 

well as tables 11– 16 for each parameter. This difference can be attributed to the higher 

initial concentration of contaminants in the raw water, which provides more adsorption 

sites for the AC, resulting in a more efficient adsorption process [19]. 

 

    
Figure 15: Effect of adsorbent dosage on turbidity removal efficiency.  Figure 16: Effect of adsorbent dosage on the removal 
efficiency of      dissolved oxygen (DO). 

 

     

Figure 17: Effect of adsorbent dosage on TDS removal efficiency.   Figure 18: Effect of adsorbent dosage on conductivity 
removal efficiency 
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Figure 19: Effect of adsorbent dosage on the salinity removal efficiency. 
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and salinity removal are less efficient, staying below 40%, likely due to their relatively 

lower adsorptive affinity on the AC’s surface or competition for adsorption sites from 

more strongly binding contaminants. 

For the effluent samples, similar trends are observed, though the removal efficiencies 

are generally lower compared to the influent. This may be due to the reduced 

concentration of contaminants in the effluent, as it has already undergone partial 

treatment, which lowers the likelihood of effective adsorption by AC. In the effluent, 

AC-3 achieves a notable removal efficiency of 61.47% for turbidity within 10 minutes.	

The negative removal efficiency observed for turbidity at early contact times for AC-

2 suggests an increase in turbidity levels post-treatment. This is likely due to the release 

of fine activated carbon particles into the solution or incomplete adsorption during the 

initial stages of treatment [85]. Conductivity removal in the effluent shows a moderate 

efficiency range of 48.18% to 50.56% across all ACs. Meanwhile, DO, TDS, and 

salinity exhibit relatively low removal rates, consistent with the lower contaminant 

levels in the effluent compared to influent, limiting the ACs’ overall adsorption 

performance for these parameters. 

     

Figure 20: Effect of contact time on turbidity removal efficiency.             Figure 21: Effect of contact time on DO removal 

efficiency. 

-100

-50

0

50

100

150

0 50 100 150

R
em

ov
al

ef
fic

ie
nc

y 
(%

)

Effect of time (minutes)
 AC-1 (influent ) AC-2 (influent )

 AC-3 (influent ) AC-1 (effluent)

 AC-2 (effluent)  AC-3 (effluent)

0

20

40

60

80

100

0 50 100 150

In
cr

ea
se

 in
 D

O
 (%

)

Effect of time (minutes)

 AC-1 (influent ) AC-2 (influent )
 AC-3 (influent ) AC-1 (effluent)
 AC-2 (effluent)  AC-3 (effluent)



 58 

    

Figure 22: Effect of contact time on TDS removal efficiency.      Figure 23: Effect of contact time on conductivity removal 

efficiency. 

 

Figure 24: Effect of contact time on salinity removal efficiency. 

 

4.3.3 Effect of Temperature on the removal efficiency of contaminants 
 

Figures 25 – 29 and tables  23 – 25 (in appendix) present the impact of temperature on 

the removal efficiency of various contaminants in influent wastewater treated with 

activated carbons. The data reveals a direct relationship between temperature and 

removal efficiency: higher temperatures consistently improve the removal of 

contaminants. This increase in efficiency with temperature is likely due to enhanced 

molecular activity, which may facilitate better interaction between the activated carbon 

and the contaminants, thus improving adsorption [85, 86]. 

0

5

10

15

20

25

30

0 50 100 150

R
em

ov
al

 e
ff

ic
ie

nc
y 

(%
)

Effect of time (minutes)
 AC-1 (influent ) AC-2 (influent )
 AC-3 (influent ) AC-1 (effluent)
 AC-2 (effluent)  AC-3 (effluent)

0

10

20

30

40

50

60

70

0 50 100 150

D
ec

re
as

e 
in

 c
on

du
ct

iv
ity

 (%
)

Effect of time (minutes)
 AC-1 (influent ) AC-2 (influent )

 AC-3 (influent ) AC-1 (effluent)

 AC-2 (effluent)  AC-3 (effluent)

0
5

10
15
20
25
30
35

0 50 100 150

R
em

ov
al

 e
ff

ic
ie

nc
y 

(%
)

Effect of time (minutes)

 AC-1 (influent ) AC-2 (influent )

 AC-3 (influent ) AC-1 (effluent)

 AC-2 (effluent)  AC-3 (effluent)



 59 

As illustrated in Figure 41 (appendix), the visual changes in influent samples treated 

with AC-2 at different temperatures (from 28.0 to 90.0 °C) confirm that the removal 

of contaminants intensifies with rising temperatures. In the influent samples, turbidity 

removal remains consistently high across all ACs, exceeding 93%, with a peak 

removal efficiency of 96.28% at 90 °C. DO removal efficiency also surpasses 86% for 

all ACs, reaching a maximum of 92% at 90 °C. Conductivity shows significant 

removal efficiency above 50% across all ACs, peaking at 64.01% at 90 °C. However, 

TDS and salinity removal efficiencies remain comparatively low, both staying below 

40%, even at elevated temperatures. The lower removal efficiency for TDS and salinity 

could be attributed to the stable and dissolved nature of these ions, which may not 

readily bind to the AC surface. 

In contrast, tables 26 to 28 and figures 25 to 29 detail the effects of temperature on 

contaminant removal in the effluent samples. Here, even as temperatures increase, the 

removal efficiency remains relatively low across most parameters.  As shown in fugure 

28 the highest removal efficiency observed in the effluent is for conductivity, which 

achieves 54.83% with AC-1. Turbidity (figure 25), however, shows an unusual trend 

where its values increase rather than decrease, suggesting possible desorption or 

inadequate adsorption of suspended solids in partially treated effluent [85]. 

The overall lower removal efficiency in the effluent compared to the influent at high 

temperatures could be due to the reduced levels of contaminants in the semi-treated 

effluent, which minimizes the availability of adsorbable particles. Furthermore, high-

temperature conditions might cause desorption or disrupt the binding of certain 

contaminants that were previously adsorbed in the partially treated water, impacting 

parameters like turbidity in particular. 
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Figure 25: Effect of temperature on turbidity removal efficiency.    Figure 26: Effect of temperature on the removal efficiency 

of DO. 

  

Figure 27: Effect of temperature on TDS removal efficiency.     Figure 28: Effect of temperature on conductivity removal 

efficiency. 

 

Figure 29: Effect of temperature on the salinity removal efficiency. 
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4.4 Results of dyes (MB and MO) and Cu2+ from CuSO4 

In this study, only AC-2 the activated carbon derived from waste paper using 

phosphoric acid as the activating agent was tested to assess its efficiency in removing 

methylene blue, methyl orange, and Cu2+. The investigation further explored how 

variables such as contact time, temperature, pH, and concentration affected the 

removal efficiency.  

4.4.1 Effect of Time on the removal efficiency of contaminants 
 

0.05 g of ACs were used to treat 25 ml of Cu 2+
, MB and MO with concentrations of 

100 mg/L at room temperature (28.0°C). The time ranges from 10 to 120 minutes.  

Table 4 and figure 30 present the impact of contact time on the removal efficiency of 

Cu2+, MB, and MO when treated with AC-2 . Table 4 specifically displays the 

absorbance values of the solutions before and after treatment with AC. It is evident 

from the table that absorbance values decreased significantly following AC treatment, 

indicating successful adsorption and removal of contaminants. This reduction in 

absorbance reflects the AC’s effectiveness in decreasing the concentration of these 

substances in the solutions. 

The graph in Figure 30 further illustrates this trend, showing that MO exhibits the 

highest removal efficiency, consistently close to 100% regardless of the duration of 

treatment. This result suggests that the AC has a strong affinity for MO molecules, 

allowing for rapid and effective adsorption even at shorter contact times [61,90].  

For MB, the removal efficiency starts around 80% within the first 10 and 30 minutes 

of treatment. As contact time extends, the removal efficiency for MB gradually 

improves, reaching nearly 100% at 60 and 120 minutes. This pattern indicates that 
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prolonged exposure allows for more MB molecules to be adsorbed by the available 

active sites on the AC surface [32]. 

In the case of Cu2+, removal efficiency also increases with extended contact time, but 

the values remain below 40% across all time intervals.  

 

Table 4: Effect of Time for removal MO, MB and Cu 2+ in 100 mg/L concentration. 

Time (mins) Absorbance before 
treatment (A) 

Absorbance after treatment (A) 

 MO MB Cu 2+ MO MB Cu 2+ 

10 3.8995 3.2412 0.0989 0.8777 0.1105 0.0867 
 

30 3.8995 3.2412 0.0989 0.8897 0.0639 0.0731 
 

60 3.8995 3.2412 0.0989 0.1863 0.0559 0.0706 
 

120 3.8995 3.2412 0.0989 0.1897 0.0567 0.0631 
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Figure 30: Effect of time on the removal efficiency of MO, MB and Cu2+ 

 

4.4.2 Effect of Temperature  
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In contrast, although the removal efficiency of Cu2+ also increases with temperature, 

the values remain relatively low, with a maximum efficiency of only 21.74% at 80°C.  

Table 5: Effect of Temperature for removal MO, MB and Cu 2+ in 100 mg/L 
concentration. 

Temperature 
(°C) 

Absorbance before 
treatment (A) 

Absorbance after treatment 
(A) 

 MO MB Cu2+ MO MB Cu2+ 

Room 
temperature, 28.0 

3.8995 3.2412 0.0989 0.7860 0.0669 0.0887 
 

40.0 3.8995 3.2412 0.0989 0.4919 0.0530 0.0818 
 

60.0 3.8995 3.2412 0.0989 0.4615 0.0537 0.0802 
 

80.0 3.8995 3.2412 0.0989 0.2266 0.0506 0.0774 
 

 

 

 

       

       Figure 31: Effect of temperature on the removal efficiency of MO, MB and Cu2+ 
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4.4.3 Effect of pH 
 

Table 6 presents absorbance values for the untreated and treated solutions (MO, MB 

and Cu2+) after the application of activated carbon (AC-2). Additionally, Figure 32 

highlights that as pH increases, the removal efficiency declines. For methylene blue, 

the maximum removal efficiency is observed at a low pH of 2, achieving 97.71%. This 

suggests that acidic conditions favour the adsorption of MB, likely due to the increased 

positive surface charge on the AC, which enhances interactions with the dye molecules 

[11, 61].  In contrast, the removal efficiency of Cu2+ remains consistently low, below 

40%, regardless of pH variation. The highest efficiency for Cu2+ is 39.94%, occurring 

at a pH of 4, indicating limited effectiveness of AC for this metal ion across pH levels.  

Table 6: Effect of pH for removal MO, MB and Cu2+ in 100 mg/L concentration. 

pH Absorbance before treatment (A) Absorbance after treatment (A) 
 MO MB Cu2+ MO MB Cu2+ 
2 3.8995 3.2412 0.0989 0.1398 0.0743 0.0599 

 

4 3.8995 3.2412 0.0989 0.1367 0.0818 0.0594 
8 3.8995 3.2412 0.0989 0.1300 0.0811 0.0622 

 

12 3.8995 3.2412 0.0989 0.3788 0.0948 0.0622 
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               Figure 32: Effect of pH on the removal efficiency of MO, MB and Cu2+ 
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that as MB concentration increases, the AC begins to reach its saturation point, where 

it can no longer effectively adsorb additional dye molecules. This decline suggests that 

the adsorption sites for MB become saturated faster than for MO, possibly due to the 

size or interaction type of MB molecules with the AC surface. Figure 44 shows the 

removal of MB from different concentration showing from blue to clear solution.  

Cu2+: The removal efficiency of Cu2+ is substantially lower compared to MO and MB 

across all concentrations, starting around 60% and declining further as the 

concentration increases. Phosphoric acid activation primarily develops microporous 

structures ideal for organic molecules, making it less efficient in adsorbing ionic 

compounds like Cu2+ [90]. 

Overall, the graph shows that chemically activated carbon derived from waste paper is 

effective in removing dyes; particularly MO-even at higher concentrations. This 

performance is likely due to the enhanced porosity and surface area resulting from 

phosphoric acid activation, which favors the adsorption of organic molecules. 

However, the lower and declining removal efficiency observed for Cu²⁺ suggests that 

this activated carbon is less suited for metal ion adsorption, possibly due to the lack of 

specific surface functional groups or structural features required for effective metal 

binding [62, 90].  
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       Figure 33: Effect of Concentration on the removal efficiency of MO, MB and 

Cu2+. 
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS  

The research demonstrated that activated carbon (AC) derived from waste paper  (AC-

1 and AC-2) was effective in removing contaminants from domestic wastewater. 

Analysis showed that AC-2 displayed a higher surface area (678.01 m2/g) and porosity 

compared to AC- 1 ( 455.12 m2/g), which contributed to its effective adsorption of 

organic dyes such as methylene blue (MB) and methyl orange (MO). Additionally, the 

adsorption behaviour of AC-1 aligns best with the Freundlich isotherm, showing 

an R2 value of 0.9919, while AC-2 is most accurately described by the Langmuir 

isotherm, with an R2 value of 0.9988. Results showed that AC-2 consistently achieved 

over 90% removal efficiency for turbidity, dissolved oxygen (DO), and organic 

contaminants at optimal conditions. However, its effectiveness in removing metal ions, 

specifically copper, was notably lower, with maximum removal efficiencies around 

40%. This suggests that while AC-2 is highly effective for organic pollutant 

adsorption, its structure may require modification to enhance adsorption of metal ions. 

The findings further indicated that parameters such as temperature, contact time, and 

AC dosage had a significant effect on the removal efficiency. For instance, higher 

temperatures and longer contact times improved the adsorption capacity for MB and 

MO. Effluent (semi-purified water) treatment displayed lower removal efficiencies 

compared to influent water, likely due to reduced contaminant concentrations. The 

commercial AC (AC-3) performed similarly to the prepared ACs, confirming that 

waste-derived AC could serve as a sustainable alternative for water treatment.                     

To enhance the application of waste-derived activated carbon (AC) in wastewater 

treatment, several recommendations are proposed. First, optimising activation 

conditions, including impregnation ratio and activation time, is essential for 
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maximising surface area and pore structure, which could improve removal efficiency, 

particularly for heavy metals like Cu2+. Given the relatively lower adsorption capacity 

for metal ions, modifications to the AC structure or pore design, including adding 

metal-binding functional groups, should be considered to increase affinity for heavy 

metals. Research into the feasibility of scaling up AC production from waste paper is 

also crucial, as assessing cost, efficiency, and waste management at a larger scale will 

support practical applications in treatment plants. Additionally, testing the AC on a 

wider range of contaminants, including other heavy metals and complex organics, 

would yield a more comprehensive understanding of its adsorption potential. Finally, 

investigating the use of AC alongside other treatment methods, such as membrane 

filtration or advanced oxidation processes, could enhance overall contaminant removal 

efficiency. Together, these efforts underscore the potential of waste-derived AC as an 

affordable and environmentally friendly solution for diverse wastewater treatment 

applications, particularly for organic pollutant removal. 
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Appendix  

Table 7: percentage yield of prepared Activated carbon (AC) 

Activated 
Carbon 

Mass of 
empty 
crucible 
(g) 

Mass of 
crucible + 
deinked 
copy paper 
(g) 

Mass of 
deinked 
Copy paper 
(g) 

Mass of 
AC after 
0.1% of 
HCl (g) 

% yield 

AC-1 45.4 58.7 13.3 1.7 12.8 
AC-2 44.1 52.3 8.2 2.0 24.4 

 

Table 8: % Ash of prepared Activated carbon  

AC Mass of 
empty 
crucible 

Mass of 
crucible + 
AC  

Mass of 
AC 

Mass of 
crucible + 
ash 

Mass of 
AC after 
furnace 

% Ash 

AC-1 59.4 60.0 0.6 59.5 0.1 16.67 
AC-2 103.6 104.2 0.7 103.7 0.1 14.29 
AC-3 67.5 68.2 0.7 67.5 0 0 

 

Table 9: % Volatile of prepared Activated carbon  

AC Mass of 
empty 
crucible 

Mass of 
crucible + 
AC  

Mass of 
AC 

Mass of 
crucible + 
AC (After 
furnace)  

Mass of 
AC after 
furnace 

% Volatile 
matter 

AC-1 103.5 104.1 0.6 103.9 0.4 33.33 
AC-2 69.7 70.4 0.7 70.3 0.6 14.29 
AC-3 103.5 104.5 1.0 104.4 0.9 10 

 

   Table 10: Physical characteristics of Activated Carbon  

 Activated carbon  

Parameters Physical 
Activation 

Chemical 
activation 

Commercial  
Activated 
carbon  

pH 10.94 8.27 7.33 

Density g/cm3 0.94 0.89 1.80 

Yield (%) 12.8 24.2 _ 

Ash Content (%) 16.7 14.29 0 

Moisture content (%) 8.5 6.5 0.17 
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Volatile matter (%) 33.3 14.3 10.0 

Fixed Carbon (%) 41.5 64.91 89.83 

Acid Solubility (%) 5 0 0 

H20 Solubility (%) 0 5 5 

 

Table 11: Effect of AC-1 dosage on influent wastewater treatment. 

Dosage 

(g) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity 

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 355  0.55  785  2384  0.57  

0.05 16.5 95.35 2.92 81.16 692 11.85 1065 55.33 0.50 12.28 

0.1 14.8 95.83 3.02 81.79 661 15.80 1017 57.34 0.48 15.80 

0.2 16.8 95.26 5.14 89.30 665 15.29 1018 57.30 0.48 15.80 

 

Table 12: Effect of AC-2 dosage on influent wastewater treatment. 

Dosage 

(g) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity 

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 355  0.55  785  2384  0.57  

0.05 9.95 97.20 2.64 79.17 681 13.25 1049 56 0.51 10.53 

0.1 13.3 96.25 3.06 82.03 680 13.38 1044 56.20 0.49 14.04 

0.2 10.9 96.93 3.35 83.58 703 10.45 1083 54.57 0.51 10.53 
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Table 13: Effect of AC-3 dosage on influent wastewater treatment. 

Dosage 

(g) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity 

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 355  0.55  785  2384  0.57  

0.05 18.8 94.70 2.90 81.03 680 13.38 1047 56.08 0.49 14.04 

0.1 13.2 96.28 3.19 82.76 690 12.10 1064 55.37 0.50 12.28 

0.2 10.8 96.96 4.07 86.48 690 12.10 1064 55.37 0.50 12.28 

 

Table 14: Effect of AC-1 dosage on effluent Wastewater Treatment. 

Dosage  

(g) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 2.31  5.80  698  1594  0.41  

0.05 2.12 8.22 6.21 6.60 509 27.08 785 50.75 0.33 19.51 

0.1 1.24 46.32 6.18 6.15 479 31.38 738 53.70 0.31 24.39 

0.2 1.55 32.90 6.23 6.90 512 26.65 785 50.75 0.33 19.51 

 

Table 15: Effect of AC-2 dosage on effluent wastewater treatment. 

Dosage  

(g) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 2.31  5.80  698  1594  0.41  

0.05 1.68 27.27 6.05 4.13 531 23.93 814 48.93 0.34 17.07 

0.1 1.21 47.62 6.18 6.15 521 25.36 805 49.50 0.34 17.07 

0.2 1.75 24.24 6.27 7.50 555 20.49 844 47.05 0.35 14.63 
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Table 16: Effect of AC-3 dosage on effluent wastewater treatment. 

Dosage 

(g) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity 

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 2.31  5.80  698  1594  0.41  

0.05 1.16 49.78 6.23 6.90 524 24.93 806 49.44 0.34 17.07 

0.1 1.49 35.50 6.22 6.75 534 23.50 822 48.43 0.34 17.07 

0.2 1.94 16.02 6.21 6.60 521 35.36 802 49.67 0.34 17.07 

 

Table 17: Effect of AC-1 contact time on influent wastewater treatment. 

Contact 
time 
(minutes) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)   RE 
(%) 

0 355  0.55  785  2384  0.57  

10 14.0 96.06 5.95 90.76 605 22.93 930 60.99 0.39 31.59 

30 19.8 94.42 5.73 90.40 679 13.50 1044 56.21 0.49 14.04 

60 8.32 97.66 3.21 82.87 636 18.98 979 58.93 0.41 28.07 

120 11.7 96.70 3.62 84.81 678 13.63 1045 56.16 0.50 12.28 

 

Table 18: Effect of AC-2 contact time on influent wastewater treatment. 

Contact 
time 
(minutes) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) 201508937Cond
uctivity (µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 355  0.55  785  2384  0.57  

10 25.0 92.96 5.76 90.45 708 9.81 1090 54.28 0.51 10.53 

30 25.5 92.82 5.76 90.45 687 12.48 1056 55.70 0.50 12.28 

60 13.5 96.20 3.04 81.91 675 14.01 1042 56.29 0.44 22.81 

120 12.0 96.62 3.75 85.33 696 11.34 1071 55.08 0.51 10.53 
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Table 19: Effect of AC-3 contact time on influent wastewater treatment. 

Contact 
time 
(minutes) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 355  0.55  785  2384  0.57  

10 16.7 95.30 5.98 90.80 697 11.21 1074 54.95 0.51 10.52 

30 13.4 96.23 4.26 87.09 692 11.85 1064 55.37 0.50 12.28 

60 11.4 96.79 3.22 82.92 687 12.48 1057 55.66 0.50 12.28 

120 12.1 96.59 3.87 85.79 695 11.46 1069 55.16 0.51 10.52 

 

Table 20: Effect of AC-1 contact time on effluent wastewater treatment. 

Contact 
time 
(minutes) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 2.31  5.80  698  1594  0.41  

10 1.11 51.95 6.21 6.60 447 35.96 689 56.96 0.29 29.27 

30 1.23 46.75 6.23 6.90 505 27.65 779 51.13 0.33 19.51 

60 1.14 50.65 6.23 6.90 468 32.95 719 54.89 0.30 26.83 

120 1.23 46.75 6.19 6.30 481 31.09 740 53.58 0.31 24.39 

 

Table 21: Effect of AC-2 contact time on effluent wastewater treatment. 

Contact 
time 
(minutes) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE 
(%) 

 RE (%)  RE (%)  RE (%) 

0 2.31  5.80  698  1594  0.41  

10 3.73 -61.47 6.27 7.50 525 24.79 808 49.31 0.34 17.07 

30 3.85 -66.67 6.18 6.15 527 24.50 812 49.06 0.31 24.39 

60 1.60 30.74 6.23 6.90 529 24.21 815 48.87 0.34 17.07 

120 1.43 38.10 6.24 7.05 538 22.92 826 48.18 0.35 14.63 
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Table 22: Effect of AC-3 contact time on effluent wastewater treatment 

Contact 
time 
(minutes) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE 
(%) 

 RE (%)  RE (%)  RE (%) 

0 2.31  5.80  698  1594  0.41  

10 0.89 61.47 6.24 7.05 523 25.07 805 49.50 0.34 17.07 

30 1.76 23.81 6.25 7.20 518 25.79 793 50.25 0.33 19.51 

60 1.07 53.68 6.23 6.90 511 26.79 788 50.56 0.33 19.51 

120 1.65 28.57 6.18 6.15 523 25.07 805 49.50 0.34 17.07 

 

Table 23: Effect of AC-1 temperature on influent wastewater treatment. 

Tempera
ture (°C) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity 

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 355  0.55  785  2384  0.57  

28.0 15.9 95.52 4.77 88.47 707 9.94 1087 54.40 0.51 10.52 

40.0 14.0 96.06 6.18 91.10 634 19.24 975 59.10 0.41 28.07 

60.0 14.5 95.92 6.00 90.83 613 21.91 943 60.44 0.40 29.82 

90.0 13.2 96.28 6.17 91.07 557 29.04 858 64.01 0.36 36.84 

 

Table 24: Effect of AC-2 temperature on influent wastewater treatment. 

Tempera
ture (°C) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE 
(%) 

 RE (%)  RE (%)  RE (%)  RE (%) 

0 355  0.55  785  2384  0.57  

28.0 21.9 93.8
3 

4.16 86.78 703 10.45 1081 54.66 0.51 10.53 

40.0 20.9 94.1
1 

6.00 90.83 729 7.13 1122 52.94 0.53 7.02 
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60.0 22.7 93.6
1 

5.96 90.17 722 8.03 1113 53.31 0.53 7.02 

90.0 11.7 96.7
0 

6.07 92 593 24.46 911 61.79 0.38 33.33 

 

Table 25: Effect of AC-3 temperature on influent wastewater treatment. 

Temp
eratu
re 
(°C) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 355  0.55  785  2384  0.57  

28.0 13.0 96.34 5.93 90.73 694 11.59 1066 55.29 0.50 12.28 

40.0 15.7 95.58 6.09 90.97 723 7.90 1112 53.36 0.52 8.77 

60.0 16.9 95.24 6.10 90.98 700 10.83 1075 54.91 0.51 10.53 

90.0 14.6 95.89 5.90 90.68 609 22.42 936 60.74 0.39 31.58 

 

Table 26: Effect of AC-1 temperature on effluent wastewater treatment. 

Temper
ature 
(°C) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 2.31  5.80  698  1594  0.41  

28.0 1.50 35.06 6.23 6.90 500 28.37 770 51.69 0.32 21.95 

40.0 1.43 38.10 6.17 5.99 481 31.08 742 53.45 0.31 24,39 

60.0 1.40 39.39 6.13 5.38 499 28.51 773 51.51 0.32 21.95 

90.0 1.56 32.7 6.17 5.99 465 33.38 720 54.83 0.30 26.83 
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Table 27: Effect of AC-2 temperature on effluent wastewater treatment. 

Temper
ature 
(°C) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity 

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 2.31  5.80  698  1594  0.41  

28.0 1.49 35.50 6.19 6.30 526 24.64 812 49.06 0.34 17.07 

40.0 1.44 37.66 6.22 6.75 518 25.79 797 50 0.33 19.51 

60.0 1.70 26.41 6.15 5.69 543 22.21 836 47.55 0.35 14.63 

90.0 2.08 9.96 6.10 4.92 445 24.64 761 52.26 0.32 21.95 

 

Table 28: Effect of AC-3 temperature on effluent wastewater treatment. 

Temper
ature 
(°C) 

Turbidity 

(NTU) 

DO (mg/L) TDS (mg/L) Conductivity 
(µS/cm) 

Salinity  

(PSU) 

  RE (%)  RE (%)  RE (%)  RE (%)  RE (%) 

0 2.31  5.80  698  1594  0.41  

28.0 1.39 39.83 6.17 5.99 534 23.50 823 48.37 0.35 14.63 

40.0 3.41 -47.62 6.16 5.84 523 25.07 807 49.37 0.34 17.07 

60.0 1.49 35.50 6.20 6.45 540 22.64 830 47.93 0.35 14.63 

90.0 2.63 -13.85 6.18 6.15 507 27.36 781 51.00 0.33 19.51 
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      Instruments used for the characterisation of Activated carbon  

   

 

                    Figure 34: FTIR used for the characterisation of AC 

 

 

      

 

                         Figure 35: SEM used for the characterisation of AC 
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                 Figure 36: XRD used for the characterisation of activated carbon  

 

   

 

      Figure 37: Surface area and porosity using the Brunauer-Emmett-Teller Analysis 
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       Figure 38: UV-Vis Spectroscopy used for absorbances of Cu 2+, MO and MB  

 

 

Figure 39: Effect of dosage of AC-2 -Influent before and after treatment with different 

ACs dosages, ranging from 0.05 - 0.2g. 
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Figure 40: Effect of contact time of AC-2 -Influent before and after treatment with 

different time intervals ranging from 10 to 120 minutes. 

 

 

 

Figure 41: Effect of temperature on AC-2 - Influent before and after treatment 

across various temperatures, ranging from 28.0 to 90 °C. 
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 Figure 42: Effect of pH on the removal of CuSO4- before and after treatment. 

 

Figure 43: Effect of concentration on the removal of MO- before and after treatment. 
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Figure 44: Effect of concentration on the removal of MB- before and after treatment. 
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