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Abstract 

As the world is moving towards ecofriendly solutions in every sector, crop residue management draws attention worldwide. This 

study investigates the transformation and characterization of abundant crop residues found largely in Gunupur, Rayagada locality 

like rice husk, cotton stem, and coconut shell into biochar adsorbents through pyrolysis. Biochar is not only a source of adsorption 

but also found to be a rich carbon source for soil rejuvenation. Comparative analysis divulges physiochemical properties as well 

as adsorption capacities of these adsorbents which will result in better environmental remediation. (SEM, BET, FTIR, XRD, and 

CHNS Analysis). The temperature for the results was 550°C. The CHNS elemental analysis entails that the cotton stem biochar 

has the highest carbon content of 57.923% followed by Coconut shell and rice husk. Meanwhile cotton stems have the highest 

nitrogen content of 2.189%. The BET surface area analysis reveals the highest pore size 59.995 m2/g that is of rice husk. At the 

same temperature cotton stem biochar has pore size of 3.6156 m2/g. XRD patterns in RH-B-001 shows multiple peaks implying 

good crystallinity Higher pyrolysis temperatures typically increase crystallinity, showing sharper peaks for ordered carbon 

structures. FTIR was done to observe surface functional groups after pyrolysis. RH-B-001 has moderate aromaticity and shows 

defined peaks for silicates. 

Keywords 

Biochar, Rice Husk, Cotton Stem, XRD, FTIR, BET Surface Area, Comparative Analysis 

 

1. Introduction 

Agriculture plays a vital role in the socioeconomic growth 

of every country. A rapidly developing country like India 

who ranks second as a global agriculture powerhouse also 

gener-ates agriculture wastes in vast amounts [1]. According 

to the Press Information Bureau of India, India is generating 

over 350 million tons of agricultural wastes per year which 

has the potential of generating 18,000 MW of power (PIB, 

2026). In rural households, a part of these wastes is used for 

animal feeding, roof development, as fuel for cooking, and 

other industrial purposes [2]. After the use also, there are 

millions of tons of residue remains unused from which 92 

million tonnes are burned out in open fields [3]. This is an 
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ancient practice of agriculture in which the land is prepared 

and cleaned for the next crop. As a result of this soil infertil-

ity increases and also it aids to contaminating air as particu-

late matter increases in air and thus causing global warming 

[4]. In India, burning crop residue adds 91 Tg of CO2, 4.1 Tg 

of CO, 0.6 Tg of CH4, 0.1 Tg of NOₓ, and 1.2 Tg of PM to 

the country's annual emissions of greenhouse gases and pol-

lutants. The tempera-ture of the soil has increased to 33.8-

44.2°C up to 1 cm (about 0.39 in) depth due to the agriculture 

waste burning, which decreases the soil fertility by eliminat-

ing the beneficial mi-croorganisms and thus degrading the 

organic matter of soil like carbon and nitrogen [5, 6]. Con-

version of this vast amount of agricultural waste into a great 

source of carbon that is biochar seems to be achievable via 

slow pyrolysis. Biochar can be produced from various bio-

mass via pyrolysis which not only acts as an excellent adsor-

bent but also have high content of organic carbon and high 

resistance to physical or chemical breakdown [7]. Biochar 

acts as a super adsorbent material used to treat heavy metals 

present in water bodies or effluents. It also enhances the car-

bon content of the soil and water with holding capacity by 

making the soil rich in organic matter and making it fertile. 

Chemical composition of the biomass like cellulose, hemi-

cellulose, lignin, volatile com-pounds and carbon content af-

fects the physiochemical and morphological properties of bi-

ochar [8]. Various crop resi-dues such as rice husk, coconut 

shell, palm shell, sugarcane bagasse [9], almond shell, coffee 

husk, olive husk [10], Indian bael shell [11], rice straw, corn 

straw and wheat straw [12] were investigated for biochar 

production through pyrolysis. Recycling this abundant waste 

biomass to produce biochar is an environmentally friendly 

process [13]. Asian countries that are major rice producers 

include China, India, Indonesia, Bangladesh, Vietnam, Thai-

land, Myanmar, Japan, Philippines, Republic of Korea and 

Pakistan (International Rice Research Institute, 2020). After 

harvesting the rice goes for milling where most of the resi-

dues like rice straw, rice husk and rice bran are generated 

[14]. The global rice husk production annually is about 120 

tonnes [15]. Rice husk biochar (RHB) accounts for 20% of 

rice weight and it contains 50% cellulose, 25–30% lignin, 

15–20% silica, and 10–15% moisture [16]. Converting the 

rice husk into functional adsorbent can reduce waste and its 

use on paddy fields can increase the carbon content of the 

soil [14]. Rayagada, located at the southern part of Odisha is 

one of the major cotton producing districts of India [17]. Post 

harvesting the cotton stems are mainly used as fuel by the 

rural people. Converting cotton stem biomass into biochar 

reduces agricultural waste while producing highly porous bi-

ochar [18]. The Food and Agriculture organisation (FAO) 

reported that India is one of the major coconuts pro-ducing 

countries producing 14.7 million tons of coconut an-nually 

(FAO, 2019). Coconut shell is mostly composed of lignin, 

cellulose and hemicellulose [19]. When the rate of cellulose 

breakdown increases, the biochar improves porosity [20]. In-

crease in the breakdown of lignin content contributes to bio-

char with a high surface area, high FC content, and fine aro-

matic structure [21]. This study is a comparative analysis be-

tween the physiochemical and morphological characteris-

tics of three biochar derived from Rice straw (RHB), Coco-

nut Shell (CSB) and Cotton stem (COSB). This research will 

help to choose the biochar with higher surface area, high po-

rosity and greater carbon content for future studies. 

2. Materials and Method 

2.1. Collection of Feedstocks 

About 20 kg of rice husk is collected from Maa Tarini rice 

mill located in Gobariguda, Gunupur, Odisha, India. The cot-

ton stems are collected from the agriculture field of the School 

of Agriculture, Gandhi Institute of Engineering and Technol-

ogy, Gunupur, India. The coconut shell was collected from the 

market area of Gunupur. The long cotton stem sam-ple was 

cut into smaller pieces of 5-7 cm to ensure efficient pyrolysis 

at low temperatures. The coconut shell was broken into 

smaller pieces for better pyrolysis. All three samples were 

washed thoroughly and completely dried in the oven at 70°C 

for 14 hours [3]. 

2.2. Preparation of Biochar 

The dried samples were collected and stored in a clean dry 

container. Slow pyrolysis is done at 550°C with continuous 

nitrogen purging for high biochar yield. To maintain uniform 

pyrolysis temperature, the experiment was carried out at a 

heating rate of 12°C /min for 1 kg of biomass, and the holding 

time was 1 hour. After pyrolysis the biomass was collected to 

allow it to cool to room temperature. After it cools down it is 

washed with distilled water several times followed by drying 

at 105°C [22]. The biochar of rice husk, cotton stem, coconut 

shell is named as RHB, COSB and CSB respectively. Biochar 

yield is defined as the ratio of resulting biochar mass to the 

initial mass of the biomass feedstock used in the pyrolysis pro-

cess [23]. 

2.3. Characterization of Biochar samples 

The surface morphology and structural characteristics of 

the prepared biochar was analyzed by using scanning elec-

tron microscopy (SEM) at the Institute of Lifesciences, 

Bhuba-neswar, India (Model: MAIA3 XMH). A small 

amount of dried biochar of three different samples was 

taken separately. The samples were examined under SEM 

at 300x to 500x magnification for particle shape, surface 

texture and aggre-gation behavior [24]. BET surface area 

analysis was done to characterize surface area, total pore 

volume, mean pore di-ameter with adsorption of nitrogen 

at 77 K using BET surface area and pore size analyzer 

(Make: Quanta chrome Instru-ments). The biochar samples 

http://www.sciencepg.com/journal/ajset


American Journal of Science, Engineering and Technology http://www.sciencepg.com/journal/ajset 

 

265 

were first dried at 105°C and then degassed at 300°C for 6 

hours prior to BET analysis [25]. The use of elemental an-

alyser (CHNS) supplemented the energy content evaluation 

by determining the contents of carbon, hydrogen, nitrogen, 

and Sulphur [26]. FTIR analysis was carried out using Fou-

rier transform infrared spectroscopy (Make: Nicolet IS50, 

Thermo fisher scientific, India) using KBr pellet technique, 

equipped with a ceramic source, KBr beam splitter and deu-

terated triglyceride sulphate (DTGS) detector over a spec-

tral range of 4000-5000 cm-1 with 64 scans per minut. 

 

3. Results and Discussions 

3.1. SEM Analysis of Biochar Sample 

The SEM micrographs are illustrated in Figures 1-6. Figure 

1 shows the SEM image of rice husk biochar at 361X. A pre-

cise porous structure with ordered silica rich pattern is visible 

at higher magnification from Figure 2. Figure 3 and Figure 4 

show a rough heterogenous surface with defined micropores 

and fractured structure which reflects enhanced porosity and 

surface area after pyrolysis [27]. Figure 5 and Figure 6 demon-

strate highly porous structures of cotton stem biochar. 

 
Figure 1. SEM image of rice husk biochar (361×). 

 
Figure 2. SEM image of rice husk biochar (212×). 
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Figure 3. SEM image of coconut shell biochar (200×). 

 
Figure 4. SEM image of coconut Cotton stem biochar (505×). 

 
Figure 5. SEM image of coconut Cotton stem biochar (200×). 
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Figure 6. SEM image of coconut Cotton stem biochar (400×). 

3.2. CHNS Elemental Analysis of Biochar Samples 

Table 1 shows detailed elemental analysis of the three biochar. High lignin content indicates a greater proportion of carbon 

rich structures, suggesting a higher carbon content in material [27]. Cotton stem biochar contains highest amount of carbon that 

is of 57.923 percentage and 2.183 of nitrogen content which is highest among the other two. 

Table 1. CHNS Elemental analysis of biochar samples. 

Sample name Carbon Hydrogen Nitrogen 

Rice husk Biochar 45.233 1.625 1.495 

Cotton stem Biochar 57.923 3.726 2.189 

Coconut Shell Biochar 50.570 1.691 1.963 

3.3. BET Surface Area Analysis 

BET is the surface area analysis of biochar to define the pore size and pore diameter of the three biochar samples. Table 2 

shows rice husk has the largest surface area that is 59.995 m2/g. Total pore volume of the biochar is 0.0386 which is highest 

among the three. This will help in the adsorption of any heavy metal and contaminants from the water [3]. 

Table 2. BET analysis of biochar samples. 

Sample name BET Surface Area (m2/g) Total Pore (cm³/g) Average Volume Pore Diameter (nm) 

Rice husk Biochar 59.995 0.0386 1.2879 

Cotton stem Biochar 3.6156 0.0031 1.7091 

Coconut shell Biochar 14.484 0.0125 -3.1553 
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Figure 7. FTIR of rice husk biochar. 

 
Figure 8. FTIR of cotton shell biochar. 
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Figure 9. FTIR of cotton stem biochar. 

3.4. Fourier Transform Infrared (FTIR) 

Spectroscopic Analysis of Biochar Samples 

FTIR analysis of cotton stem, coconut shell and rice husk bio-

chars show distinct functional group variations. All samples ex-

hibit a broad O-H band (3400 cm-1), weaker in coconut shell bio-

char, indicating higher dehydration and aromatization. Aliphatic 

C-H bands (2900 cm-1) are weak in all, nearly absent in coconut 

shell biochar. The C=O band (1700-1740 cm-1) is strong in cotton 

stem, weak in rice husk and nearly absent in coconut shell biochar, 

showing reduced oxygenated groups. Rice husk biochar also 

shows silicate related peaks due to mineral content [27]. 

3.5. XRD Analysis of Biochar 

 
Figure 10. XRD analysis of rice husk biochar. 
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Figure 11. XRD analysis of coconut shell biochar. 

 
Figure 12. XRD analysis of cotton stem biochar. 

Comparative XRD analysis of rice husk biochar, coconut 

shell biochar, and cotton stem biochar showed significant var-

iation in structural characteristics. RHB exhibited broad peaks 

around 21-240, indicating an amorphous structure with high 

silica content. CSB showed strong peaks at 24.330 and 26.620, 

suggesting higher crystallinity and better graphitic carbon or-

dering due to the compact lignocellulosic composition of co-

conut shell. COSB displayed a major peak at 28.410 along 

with several mineral associated peaks, indicating moderate 

crystallinity and mineral presence. 

Overall, Coconut shell biochar demonstrated the highest 

structural stability; Rice husk biochar showed maximum 

amorphous nature and cotton stem biochar exhibited interme-

diate structural properties. 

4. Conclusions 

The present comparative study demonstrated that biochars 

produced from rice husk, coconut shell and cotton stem 

through slow pyrolysis at 550℃ possess distinct physio-

chemical and structural characteristics suitable for environ-

mental applications. Among the three samples, cotton stem 

content, indicating enhanced carbonization and nutrient re-

tention potential. Rice husk biochar showed the largest BET 

surface area pore volume, making it a promising adsorbent for 

heavy pollutant removal. Coconut shell biochar displayed 

comparatively higher crystallinity and graphitic ordering in 

XRD analysis, suggesting superior structural stability. SEM 

analysis confirmed the development of porous and hetero-
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genous surfaces in all biochars, while FTIR spectra revealed 

the presence of important oxygen containing functional 

groups. Overall, the study highlights that the selection of feed-

stock significantly influences biochar properties, and each bi-

ochar possesses unique advantages for adsorption, soil amend-

ment, and sustainable environmental remediation applications. 

Abbreviations 

XRD X-ray Diffraction 

SEM Scanning Electron Microscope 

FTIR Fourier Transform Infrared Spectroscopy 

BET Brunauer Emmett Teller 

DTGS Deuterated Triglycine Sulphate 
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