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Abstract:- Porous activated carbon (PAC) powder is 

prepared from solid bio-waste - cow dung samples (CD). 

UV- Spectroscopy confirms the absorption rate of 

activated porous biochar at different concentration 

solutions(in ppm).The activation process is carried out by 

phosphoric acid and sodium hydroxide treatment followed 

by calcination at different temperature condition. XRD 

pattern confirms the amorphous phase formation with 

graphitic nature for different precursor utilization. SEM 

analysis shows the uniform and hierarchical porous 

network formation and aggregated particle with tiny. X-

ray analysis confirms the formation of graphitic carbon 

and porous morphology for sample activated at increased 

calcination temperature. The elemental composition of as 

prepared carbon samples is determined by SEM and 

confirms the formation major carbon content existence. 

The obtained product is observed for the dye removal 

process wherein the specific amount of PAC is added to 

the Methylene Blue(MB) dye solutions and the absorption 

rate is observed through uv-spectroscopy. 

 

Keywords:- Pyrolysis, Biochar, Porous Activated Carbon 
Powder, Methylene Blue, Solid Waste Management, SEM 

Analysis, XRD, UV-Spectroscopy. 

 

I. INTRODUCTION 

 

Finding sustainable and affordable wastewater treatment 

options has become more important as environmental 

concerns over the disposal of wastewater from different 

businesses grow. The use of biochar, a carbon-rich substance 

made from biomass, has drawn the most attention among these 

alternatives because of its potential for use in water 

remediation applications. Biochar is a great option for 
adsorption-based water treatment procedures because of its 

porous structure, large surface area, and varied chemical 

makeup. Biochar has historically been made from feedstocks 

such wood chips, leftover agricultural waste, and biological 

waste products. In order to improve the sustainability and 

economic viability of biochar inghsynthesis, recent research 

has instead concentrated on investigating substitute 

feedstocks. Cow dung, a common agricultural waste product 

with a high organic carbon content, is a good candidate for the 

synthesis of biochar. Pyrolysis of biomass occurs under 

regulated temperature and oxygen availability conditions to 
produce biochar. Volatile substances are pushed out during 

pyrolysis, leaving behind a porous residue rich incarbon. 

Biochar undergoes a post-treatment process called activation, 

which increases its surface area and porosity and improves its 

suitability for adsorption uses. Because activated biochar has a 

greater affinity for both organic and inorganic pollutants found 

in wastewater, it provides an effective way to purify water. 

Our goal in this project is to find out how to make activated 

porous biochar from cow dung and assess how well it works to 

remove colors from wastewater. Dyes are widely utilized in 

many industries, including the production of paper, leather, and 

textiles, and their release into water bodies presents serious 
threats to the environment and public health. Because of their 

complicated chemical structures and resistance to breakdown, 

dyes are generally difficult to remove from wastewater using 

conventional treatment procedures. Because activated porous 

biochar has a high adsorption capacity and selectivity towards 

organic compounds, it presents a feasible alternative for dye 

removal. Through the utilization of cow dung as a 

feedstock for biochar manufacturing, this study aims to 

create an environmentally sustainable wastewater  treatment 

method. Advanced analytical methods including X-ray 

diffraction (XRD), UV- Spectrometer and scanning electron 
microscopy (SEM) will be used to characterize the produced 

biochar and determine its physical and chemical properties. 

Additionally, batch adsorption tests will be conducted to 

evaluate the activated porous biochar's efficacy in removing 

dye. In order to maximize the treatment conditions, the 

effects of different parameters on the adsorption process 

including temperature, pH, contact time, and initial dye 

concentration will be examined. To comprehend the kinetics 

and mechanism of dye adsorption onto the surface 

characteristics of biochar, the obtained findings will be 

studied. In addition to producing a range of goods including 

meat and milk, the livestock industry also produced a lot of 
manure and excrement, which, if not properly handled, may 

have a negative impact on the quality of the environment. 

The presence of cellulose- derived organics, nutrients (like 

nitrogen and phosphorus), and other constituents (like 

pathogens and heavy metals) in livestock manure is 

responsible for several major forms of environmental 

pollution related to waste management, including surface 

water eutrophication, pathogen and nitrate leaching, excess 

nutrients and heavy metal buildup in the soil, and the release 

of odorants (like ammonia and hydrogen sulfide) and 

greenhouse gas emissions (like methane and carbon 
dioxide). By using different approaches for the removal of 

https://doi.org/10.38124/ijisrt/IJISRT24APR2455
http://www.ijisrt.com/


Volume 9, Issue 4, April – 2024                                                   International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                      https://doi.org/10.38124/ijisrt/IJISRT24APR2455 

  

 

IJISRT24APR2455                                                               www.ijisrt.com                         2856 

such pollutants, multiple scientists have conducted 

diverse investigations with the goal of reducing the pollution 
load on the hydrosphere. These methods can be broadly 

classified into three categories: biological methods, like the 

activated sludge process, which uses enzymes or 

microorganisms; physical methods, like adsorption, membrane 

filtration, and coagulation/flocculation; and chemical methods,  

like ozonation, By using different approaches for the removal 

of such pollutants, multiple scientists have conducted diverse 

investigations with the goal of reducing the pollution load on 

the hydrosphere. These methods can be broadly classified into 

three categories: biological methods, like the activated sludge 

process, which uses enzymes or microorganisms; physical 
methods, like adsorption, membrane filtration. A side from the 

copious amounts of easily accessible cow excrement In the last 

ten years, numerous research have been conducted using cow 

dung as an adsorbent to be used for the reduction of 

contaminants. our guided our decision to use cow dung as an 

adsorbent in our investigation. The removal of heavy metals 

from aqueous solutions using cow dung as an adsorbent was 

examined by Ojedokun and Bello [55]. The innovative aspect 

of this work is its review of previous research on the 

sequestration of various contaminants from aqueous 

environments using adsorbents derived from cow dung. The 

manufacture of cow dung-based adsorbents and their 
adsorption performance are covered in the study. Reviews of 

thermodynamic, kinetic, and isothermal investigations, 

mechanism, regeneration, and competitive adsorption were 

also conducted. investigate. Cow dung has been used as an 

adsorbent to remove heavy metals from aqueous solutions; 

Ojedokun and Bello [55] examined this use. Cow dung- based 

adsorbents have been investigated for the removal of several 

types of contaminants from aqueous environments due to their 

availability across multiple continents. For convenience and 

clarity, the information in the following subsections is 

organized according to the major categories of adsorbents: 
unmodified cow dung (UCD), cow dung activated carbon 

(CDAC), and cow dung biochar (CDC). A substance high in 

carbon produced by biomass photolysis is called biochar. 

Pyrolysis, a carbonization process used to produce biochar, 

results in a simultaneous drop in the amounts of oxygen and 

hydrogen and an increase in carbon content as temperature 

rises. Active carbon can be prepared using the biochar. 

Although both activated carbon and biochar are carbon-rich 

materials, their characteristics differ. Typically, biochar is not 

entirely carbonized as pyrolysis, the process used to produce 

it, frequently occurs at low temperatures (<500◦C). 

Comparing activated  carbon to biochar that merely 
undergoes the carbonization process, however, reveals that the 

surface areas and internal pore architectures of activated 

carbon are significantly improved and enhanced following 

physical and chemical activation. Therefore, biochar could 

serve as a raw material for the production of activated carbon. 

Many studies employed biochar as a raw material. 

 

 

 

II. MATERIALS AND METHODS 
 

Cow Dung was chosen as our raw material for this 

research project which was received from cow farm in 

Zirakpur, Punjab. It is the excrement produced by cattle, 

primarily consisting of undigested plant material along with 

some minerals and water. It's a readily available agricultural 

waste product that can be collected from livestock farms or 

rural areas. 

 The choice for the selection of this as raw material is 

because : 

 Renewable resource 

 Abundance 

 Biochar produced is versatile and can be used for various 

applications such as soil remediation, electrode fabrication, 

Waste management 

 Environmental friendly 

 

 Laboratory Equipment and Chemicals 

Various glasswares and equipment were used for 

different functions while performing the project as mentioned :- 

 Pestle &Mortar: for grinding the raw material into fine 

pieces. 

 Measuring balance: to measure the amount of different 
sample of CD. 

 Crucibles: to collect and store the material. 

 Volumetric Flask: for preparation of stock solution (500 

ml);for preparation of different concentrated solution of 

different ppm(50 ml). 

 UV- spectrophotometer: for observing absorption rate of 

different ppm solution for standard analysis. 

 Muffle furnace: for conducting pyrolysis. 

 Oven: to remove moisture(drying). 

 Funnel: to carry out filtration. 

 Filter paper: for continuous washing of activated biochar. 

 Beakers: used for holding liquids. 

 Magnetic Stirrer: for properly mixing of activating agent 

with biochar. 

 Spatula: for levelling powders. 

 pH strips: for identifying pH of solution while neutralising 

the activating agent during washing. 

 Chemicals (Sodium hydroxide and phosphoric acid): 

activation agent 

 

 Preparation of Carbonized Sample (Biochar) 

Initially the cow dung was derived from the farm in 
pretty raw form which were supposed to crushed into finer 

particle for further process. The raw material was crushed 

using Pestle and mortar in five different samples of about 7.2 

gm measured using measuring balance and placed in a 

crucible. This crushed material was further taken for 

carbonization where the sample was placed in the muffle 

furnace using a crucible which is made up of high heat 

resistive substance. The temperature of the muffle furnace was 

kept around 350- 400degree Celsius and it was ensured that the 

oxygen supply to the furnace is nullified using a jacket made 
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up of iron the material of the furnace and a cotton covering 

over it. This avoidance of oxygen will stop the ash formation 
of our sample. 

 

 Activation of Carbonized Sample (Biochar) 

The carbonized sample was then activated with two 

different methods to analyse the better adsorption capacity. 

The distinguished sample were prepared using as AC-01 and 

AC- 02.AC-01 was prepared using NaOH as an activating 

agent at an imperial impregnation ratio of 1:1. Initially NaOH 

solution was prepared by dissolving 5gm of NaOH in 20-25ml 

of solvent(distilled water). Later the NaOH solution was 

mixed to 5gm of biochar. Simultaneously agitation was 
achieved using a magnetic stirrer in order to get the uniform 

composition of NaOH- carbonized slurry. Then this slurry was 

transferred in the crucible (which is made up of high heat 

resistive substance) and firstly dried in an oven at about 110 

degree Celsius for 1 hour to remove excess moisture and then 

kept in the muffle furnace under the ambient temperature of 

250 degree Celsius for the time period of 30 minutes. The 

activated carbon AC- 01 so produced had basic Ph level which 

was then neutralized by acid wash(distilled water). This 

process was reluctant in nature since a lot of distilled water 

was consumed in neutralizing the activated carbon sample 

AC- 01. AC-02 was activated with H3PO4(phosphoric acid). 
The H3PO4 solution of 5ml was mixed in the biochar of 

5gm. Simultaneously agitation was achieved using a magnetic 

stirrer in order to get uniform composition of KOH- 

carbonized slurry. Then this slurry was transferred in the 

crucible (which is made up of high heat resistive substance) 

and firstly dried in an oven at about 100 degree celsius for 1 

hour to remove excess moisture and then kept in the muffle 

furnance under the ambient temperature of 250 degree Celsius 

for the time period of 30 minutes. The activated carbon AC-02 

so produced had a basic Ph level which was then neutralized 

by acid wash(distilled water). This process was reluctant in 
nature since a lot of distilled water was consumed in 

neutralizing the activated carbon sample AC- 02. 

 

 Standard Analysis: 

For obtaining the standard curve for the biochar of 

which a stock solution of 1000ppm is prepared by 

dissolving 0.5 gm in 500ml of distilled water. The 

solution is prepared of different concentrations such as 

2ppm(by dissolving 2 ml of 1000 ppm solution in 48ml of 

distilled water),4ppm(by dissolving 4ml of 1000 ppm 

solution in 46ml of distilled water),6ppm (by dissolving 

6ml in 44ml of distilled water) and 8ppm (by dissolving 
8ml of 1000 ppm solution in 42ml of distilled 

water)and10ppm each solution is heated at about 70 degree 

Celsius temperature by continuous stirring and the analysis 

of these different concentrated solution is done through UV- 

spectroscopy. suitable paper for publishing after a thorough 

analysis of submitted paper. Selected paper get published 

(online and printed) in their periodicals and get indexed by 

number of sources. 

 

III. RESULTS AND SEM ANALYSIS 

 
SEM images are very useful to obtain accurate details 

about pore structure of carbonized sample and activated 

carbon and the comparison between carbonized sample and 

activated carbon. The surface morphology of carbonized 

sample, activated sample, and activated sample without slow 

pyrolysis have been shown using the SEM analyzer. The SEM 

images revealed noteworthy changes in the surface 

morphology of carbonized was seen after activation in both 

cases. The surface of activated carbon shows an irregular 

structure, which is loaded with crystalline salt on inorganic 

matter such assulfur, nitrogen, and oxygen. However, it is 
evident from the Figurethat carbonization at 450 °C causes the 

elimination of volatile matter from the sample resulting in a 

rough and partially porous surface of the carbonized sample. 

Subsequently, a highly porous surface is observed on the 

activated carbon in the presence of NaOH and H3PO4 after 

carbonization at 450°C produced as shown in figure1(a,b) 

 

 

 
Fig 1 SEM Characterization for NaOH (a, b) 
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Fig 2 SEM Characterization for H3PO4 (a, b) 

 

 XRD Analysis 

X-ray diffraction (XRD) is a technique used to analyze 

the crystal structure of materials by bombarding them with X-
rays and observing the resulting diffraction pattern. The XRD 

results are typically presented as a plot known as a theta (θ) 

chart, which displays the intensity of diffracted X-rays as a 

function of the diffraction angle (θ). Peaks in the theta chart 

represent specific crystallographic planes within the material. 

Each peak corresponds to a characteristic angle (θ) at which 

X-rays are diffracted by the crystal lattice of the material. The 

positions of these peaks (expressed in degrees) provide 

information about the spacing between adjacent crystal planes 

within the material. 

 
 

 

 

 

 

 

 

 

 

Table 1: Peak List (NaOH) XRD 

 
 

 
Fig 3: XRD for NaOH 

 

Table 2: Peak List (H3PO4) XRD 
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Fig 4: XRD for H3PO4 

 

Table 3: Concentrated Solution vs Absorbance 

 

 

 UV Spectroscopy 

An analytical technique called UV-vis spectroscopy 

determines how much of various visible and ultraviolet light 

wavelengths a sample transmits or absorbs. The methylene 

blue absorption curve was plotted in the first stage. To 

determine the wavelength that the methylene blue solution 

absorbs, a full methylene blue solution absorbs, a full 
wavelength scan was carried out. The maximal absorbance 

was measured at 668 nm, thus samples will be further examined 

at this wavelength. Three samples of 4, 8, and 12 ppm of 

methylene blue were created from a stock solution with 1000 

ppm of the dye 

 

 
Fig 5: Standard Curve 

Now again the dye removal adsorption process was 

conducted at same ppm solutions of 2ppm,4ppm,6ppm,8ppm 
and their filterate is collected and the adsorption capacity was 

observed in uv-spectrometer. About 10 ml sample was taken 

and about 0.2 gm of activated carbon was put and stirrer for 

about 20-30 min and then it is filtered and the filterate is 

checked for absorption. The concentration of dye absorbed 

was calculated using the equation of standard curve to know 

that how much mg of dye is adsorbed from the adsorbent. 

 

The data is calculated through equation to know the 

adsorption capacity: 

 

Table 4: Adsorption Capacity of Activated carbon 

 

Concentration (in ppm) 

 

Mg of Solute Absorbed /0.2 Gm 

of Absorbent 

2 0.0057 

4 0.0174 

6 0.0292 

8 0.0389 

10 0.0472 

 

 
Fig 6: Plot for Adsorption Capacity 

 

IV. CONCLUSION 

 

This study successfully demonstrated the conversion of 

cow dung (CD) into porous biochar using microwave 

pyrolysis wherein we chemically activate it for enhancing its 

properties for using it as an absorbent for the application of 

dye removal. We also obtain the standard curve for the 
different concentrations using uv-spectroscopy. Using it as an 

adsorbent we firstly do the analysis by SEM and XRD. SEM 

analysis is done to reveal information about the sample 

including texture, chemical composition, crystalline structure 

and orientation of sample and XRD is done to study crystal 

structure and atomic structure. Our findings highlight the 

potential of CD as a sustainable feedstock for biochar 

Concentration (in ppm) Absorbance 

2 0.068 

4 0.34 

6 0.587 

8 0.823 

10 1.031 
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production. This approach offers a dual benefit: waste 

management of cow dung and creation of a valuablematerial 
with potential applications in dye removal. 

 

The findings of this research project highlight several 

key points: 

 

 Efficient Utilization of Agricultural Waste 

By converting cow dung into porous biochar, the study 

effectively demonstrates the efficient utilization of agricultural 

waste material that would otherwise contribute to 

environmental pollution. This sustainable approach not only 

helps mitigate waste management issues but also contributes 
to resource conservation and environmental sustainability. 

 

 Adsorption Capacity for Dye Removal 

The prepared porous biochar exhibits significant 

adsorption capacity for dye removal from aqueous solutions. 

The high surface area and porous structure of the biochar 

provide ample active sites for the adsorption of dye molecules, 

leading to efficient removal and remediation of dye-

contaminated water. 

 

 Potential for Water Treatment Applications 

The results suggest that porous biochar derived from cow 
dung holds great potential for various water treatment 

applications, particularly in the removal of dye pollutants from 

industrial effluents and wastewater. Its effectiveness in dye 

removal underscores its utility as a low-cost and sustainable 

adsorbent for environmental remediation efforts.(kuo, 2023) 

 

 Optimization and Future Research Directions 

Further optimization of the preparation process and 

activation methods could enhance the adsorption properties 

and performance of porous biochar for dye removal. 

Additionally, future research could explore the application of 
biochar-based composites or hybrid materials for synergistic 

effects in dye adsorption and removal efficiency. 

 

 Implications for Sustainable Development 

The study contributes to the growing body of research on 

sustainable materials and waste-to-resource conversion 

strategies. By highlighting the potential of cow dung-derived 

biochar for environmental applications, this research 

underscores the importance of sustainable technologies in 

addressing global environmental challenges while promoting 

sustainable development goals. 

 
 Economic Viability and Scalability 

The utilization of cow dung as a precursor for biochar 

production offers economic advantages due to its abundance 

and low cost compared to other feedstock materials. The 

scalability of the process further enhances its potential for 

large-scale implementation, making it a viable solution for 

addressing water pollution challenges in various industrial 

sectors. 

 

 Environmental Benefits 

Beyond its application in dye removal, porous biochar 
derived from cow dung has broader environmental benefits. Its 

incorporation into soil can improve soil fertility, enhance 

carbon sequestration, and promote sustainable agriculture 

practices. Additionally, the reduction of dye pollutants in 

water bodies contributes to ecosystem preservation and 

biodiversity conservation. 

 

 Education &Awareness 

Educating the public about the benefits of biochar and 

sustainable waste management practices is essential for 

driving societal acceptance and adoption of these 
technologies. Outreach programs, educational campaigns, and 

knowledge-sharing initiatives can raise awareness and build 

capacity for implementing biochar-based solutions at local, 

regional, and global scales. 

 

The research on porous biochar prepared from cow dung 

for dye removal represents a significant contribution to the field 

of sustainable materials and environmental remediation. By 

harnessing the potential of agricultural waste streams, this study 

offers a practical and environmentally sound approach to 

addressing water pollution challenges while promoting 

sustainable development and resource conservation. Continued 
research, collaboration, and innovation are essential for 

unlocking the full potential of biochar-based solutions in 

achieving environmental sustainability goals. 
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