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Abstract 

Conversion and utilization of agricultural waste biomass into activated carbon is an alternative for high cost 

green adsorbents. The preparation of Activated carbon from Ground nut shell, and agricultural waste was 

investigated and presented here. Ground nut shell activated carbon is infused with Potassium hydroxide 

and carbonized (6000C, 1hrs). The obtained substance was activated to improve the surface area. On 

increasing the pore volume maximum adsorption capacity will be attained. The resulting activated carbon 

was characterized for its functional groups, Thermal Stability, surface morphology, and Elemental 

Identification using FTIR, TGA/DTA, and SEM. The dye removal efficiency of the prepared activated 

carbon was evaluated by using Congo red. Parameters like dosage, concentration, and pH are monitored to 

improve the properties of the prepared material for adsorbing synthetic dyes and industrial effluents. The 

monolayer adsorption (Langmuir) and the multilayer adsorption (Freundlich) isotherm models were 

determined to identify the maximum uptake (qmax) of Congo red by the adsorbent. 
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Introduction 

Dyes liberated from industries are a major problem 

for water pollution. The presence of heavy metals, 

dyestuffs, and metalloids in an aqueous medium leads 

to health and socioeconomic causes (Hazrat Ali et al., 

2019) Toxic substances present in dye water enter 

into the food chain of humans and several diseases 

are caused. This became a worldwide concern, 

because of emerging various diseases. Toxic 

substances liberated from industries in the form of 

heavy metals can damage the central nervous system, 

energy level, and vital organs. Long-term effects will 

lead to neurological and degenerative processes. 

Some toxic compounds in dye can damage human 

cells and leads to cancer (Jaishankar et al., 2014). 

Parkinson’s disease, muscular dystrophy, etc is some 

of the major problems caused due to the intake of 

water containing heavy metals. Major illnesses and 

deaths are occurring in Asia and Africa due to the 

intake of contaminated water. Around 50 million 

deaths occur globally. Getting purified water became 

a major challenge nowadays. The conventional 

methods and regulations in drinking water should be 

made strict to avoid the illness caused worldwide. 

Water treatment methods also should be made 

advanced to get healthy drinking water to avoid 

diseases (Rahman et al., 2014). 

 

For the past few years, developing a low-cost 

adsorbent is a challenging task for researchers. Eco-

friendly technologies are emerged to treat wastewater 

at domestic and industrial levels (Rajasulochana et 

al., 2016). Development and demonstration of 

methods like Ion exchange, membrane filtration, 

Microbe assisted, and nanomaterials are made 

successful. The high capital and operational cost of 

treating water using these technologies become a 

major threat (Muzammil Anjum et al., 2019). To 

overcome these demerits a new technology was 

introduced, it was adsorption technology. Green 

adsorbents were used in the adsorption technique to 

remove contaminants. These green adsorbents were 

of high cost. This made the entire process costly. To 

overcome this demerit activated carbon prepared 

from agricultural waste is utilized. It is a bio-

adsorbent also it can be recovered. Materials or 

adsorbates that possess high pore volume and surface 

area are best-suitable for wastewater treatment. 

When compared activated carbon possesses these 

properties (Kwikima et al., 2021). Activated carbon 

prepared from agricultural waste biomass is a 

preferable and cheapest adsorbent that can be 

employed in wastewater treatment plants. This will 

reduce the capital investment and purification cost. In 

this study, the adsorbent is synthesized from Ground 

nut shell, which is a waste material from an 

agricultural source. Ground nut shell biomass is 

activated by using Potassium hydroxide. On 

activation, the prepared activated biomass enhances 

in surface area and its properties. Due to the change 

in the surface area of the adsorbent after the 

activation process, the adsorption capability of the 

activated biomass increased. 

 

Materials and methods 

Collection and preparation of activated carbon 

Chemicals employed for the synthesis and activation 

are purchased from Sigma Aldrich USA with 100% 

purity. Ground nut shell was collected from a near 

Tholayavattam, Kanyakumari District, Tamilnadu, 

India. 

 

To remove the dirt in the Ground nut shell, it was 

washed with distilled water. After washing the shells 

with water, it was spread under sunlight to eliminate 

the water content. After drying, the shell was placed 

in a muffle furnace for 1 h at 6000C.The chemical 

activation process is done to improve the property of 

the material. For that, the shells are dipped in 

saturated potassium hydroxide solution for nearly 24 

hours followed by weighing the sample in order to 

know the impregnation of 1M KOH to the sample and 

is followed by the activation in muffle furnace at 

temperature 3500C for 2 hrs. The carbonized material 

was washed with distilled water to remove the free 

alkalis and dried in oven at1100C for 2hrs. Ground nut 

shell-activated carbon (GNSAC) will be obtained. 

After the formation of activated carbon again it was 

crushed and sieved (250μm and 150μm) to increase 

the surface area of the material. 
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Preparation of adsorbate 

The adsorbate azo dye (Congo red) is prepared by 

weighing 500mg of dye in 1000ml water.  From this 

stock solution, various concentrated solutions are 

prepared from 10- 70 mg/l for the adsorption studies. 

 

Adsorption studies 

To conduct batch equilibrium experiments the congo 

red dye was prepared by adding dye in deionized 

water. For getting the required concentration, the 

water and dye are added in the proper ratio. In a 

conical flask, 1g of Ground nut shell-activated carbon 

was added. After that 10 to 70mg/L of varying dye 

concentration was treated to GNSAC. Equilibrium 

studies show that 24 hours of time is required to 

reach the point of equilibrium. By carrying out a 

series of isotherms at adsorbent dosages (1.0, 2.0, and 

3.0 g/l) and pH (3, 7.8 and 9.6.) the effect of 

adsorption isotherm was determined. The 

concentrations of dyes are determined by using a 

UV/visible spectrophotometer. Using the mass 

balance relationship equation the amount of dye 

absorbed onto the activated carbon, qe (mg g-1), was 

calculated. At regular intervals of time, the samples in 

an aqueous medium were collected to determine their 

dye concentration. The amount of dye adsorption in a 

particular period at time t, qt (mg g-1), was 

determined by an equation given below. 

qt � �C� � C�	xV/M 

 

Liquid-phase concentrations of solutes at initial at 

any time (t) are denoted by C0 (mg L-1) and Ce (mg g-

1). The volume of the solution is denoted by V, and 

the dosage of adsorbent in the solution (g L-1) is 

denoted by M. Relations between the mass of dye 

adsorbed at a particular dosage, pH, and liquid phase 

of dye concentration are determined by Langmuir 

(1918) and Freundlich (1906) isotherm model 

(Jayarajan et al., 2011). 

 

Results and discussion 

Characterization of activated carbon 

FTIR- spectroscopy 

Fig. 1 represents the FT-IR spectroscopic study of 

Ground nut shell-activated carbon. A maximum peak 

with a wide band is noticed at 3346 cm-1 is Imino 

compound, =N-H stretch. The band at 2925 cm-1 is 

attributed to the interaction between carbon and 

hydrogen on the surface of the carbon. In the region 

of 2856 cm-1 is symmetry stretch. Two peaks at 1565 

and 1381 cm-1 are due to the presence of functional 

groups, which are obtained during the activation 

process. This will leads to the presence of ammonia 

and a primary amine (Sun et al., 2019). The band at 

1381 cm-1 is due to the aliphatic nitro compound. The 

absorption band at 1020 cm-1 may be due to the Si-O 

or C-O stretching in alcohol, ether, or hydroxyl 

groups. Peroxide, C-O-O stretch can be noticed at 874 

cm-1.  Due to the activation process, alkaline groups of 

cyclic ketones and their derivatives can be noticed at 

605 cm-1 peak assigned out of the plane as C-H 

bending mode. 

 

Fig. 1. FT-IR spectroscopy of GNSAC 

 

Fig. 2. SEM analyses of ACGNS at different 

magnification 

 

Fig. 3. TGA/DTA Analysis of ACGNS 
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Scanning electron microscope analysis (SEM)  

The surface morphology of GNSAC was detected by 

using scanning electron microscopy (SEM). SEM 

images of GNSAC at different magnifications are 

indicated in Fig. 2. The SEM images clearly describe 

the pore volume and cracks with rough surfaces. The 

appearance of voids and irregular and uneven 

projections are due to the formation of volatile gases 

during the carbonization process. SEM image of 

GNSAC shows the micropore at different 

magnifications (a) and (b). These microspores are 

present on the surface of the particle. Chemical 

activation helps to create a micropore of various 

forms on the particle's surface that favours adsorption 

properties. When the surface area and pore volume of 

the material gets increased, its efficiency to adsorb get 

also gets increased. From this surface morphological 

study, it is evident that GNSAC has a large surface 

area therefore it can be used as an adsorbent (Singh et 

al., 2019). 

 

TGA/DTA analysis 

To identify the thermal stability of the prepared 

activated carbon, the thermal behavior was 

investigated using TGA/DTA technique for GNSAC at 

a temperature range of 30-750°C. Fig. 3 represents 

the corresponding results of the TGA/DTA analysis. 

An initial weight loss of 3-5% is identified from 

Thermo gravimetric analysis. This may be due to the 

adsorbed water at lower temperatures not exceeding 

100°C. Also at 450°C, a slight weight change is 

noticed this is due to the burning of functional groups 

over the surface of the activated carbon. When the 

temperature moves towards 400°C there is no change 

in weight this may be due to the high stability of 

activated carbon (ACGNS). There is a loss of water 

present in the micropore on increasing temperature 

this can be considered as the first endothermic event. 

An increase in a broad exothermic band is noticed, 

this is due to the decomposition of functional groups 

and partial gasification of the least stable fragments 

of the carbon structure. From the above observations, 

GNSAC shows higher thermal stability and at the 

higher temperature, the loss of mass occurs (Abisha et 

al., 2021). 

Fig. 4. Adsorption effect of Azo Dye (Congo red) on 

Ground nut Shell (a) at various dosages with varying 

dye concentration and (b) varying pH with 

concentration of dye 

 

Adsorption studies 

Effect of dosage and ph 

Adsorption of dye using environmentally benign 

Ground nut shell biomass (GNSAC) at various 

dosages and pH are shown in Fig. 4(a) and (b). In the 

preliminary stage, there is a sudden increase in 

adsorption due to the concentration of dye (Yadav et 

al., 2021).  After a certain limit, it reached a constant 

value. On increasing the concentration the adsorption 

increases slightly. During the adsorption process, 

electrostatic interaction between adsorbent versus 

adsorbate is governed by pH. Due to the influence of 

positive charge on the surface of the sorbent and the 

rate variation of adsorbent occurs. This will accept the 

negatively charged dye molecule and helps to 

promote the rate of adsorption. On increasing the 

dose of adsorbent, the adsorption is increased (Rajeev 

Jain et al., 2013). The effect of pH is described in Fig. 

(b). From this, it is evident that at pH 3 and 7.8 the 

adsorption rate is higher. This happens because of 

lowering pH levels, and H+ ions increase on the 

surface of the prepared activated carbon. Dye 

molecule gets a negative charge between them due to 

their electrostatic force of attraction (Sushmita 

Banerjee et al., 2017). 
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Fig. 5. Determination of the adsorption of Congo red 

dye using Ground nut Shell by Langmuir isotherm (a) 

varying adsorbent dosages with various dye 

concentration (b) varying pH with concentration of 

dye 

 

Fig. 6. Freundlich isotherms for the adsorption of 

Congo red dye using Ground nut Shell (a) at different 

adsorbent dosages with dye concentration (b) at 

different pH with dye concentration 

 

The maximum dye removal percentage was obtained 

for an adsorbent dosage of 3.0 g L-1 for Congo red on 

Ground nut Shell activated carbon (GNSAC) at 70 mg 

L-1 concentration is 45.98 g L-1. The adsorption 

increased when a dose of adsorbent is increased, it is 

due to the high surface area of the adsorbent (Singh et 

al., 2015). In general, when the dye uptakes are 

compared, the acidic solution is much higher than 

neutral and alkaline conditions. 

 

Langmuir isotherm 

The monolayer adsorption on homogeneous site is 

determined by Langmuir isotherm. The expression 

given below is applied to calculate the Langmuir 

isotherm. 

q� �
KbC�

�1 � bC�	
                                           

1

q�

�
1

K
�

1

KbC�

                                        

 

Fig. 5(a) & (b) represents the (Ce/qe vs Ce) is plotted 

in a linear graphical relation indicating the 

applicability of the langumir model. The values are 

calculated from the slope and intercept of the 

different straight lines representing the different 

adsorbent dosages, temperature, and pH (b) energy of 

adsorption and (k) adsorption capacity, and Qo is 

represented by (K). The Langmuir isotherm constant 

(Qo) is given in equation 2. It is a measure of the 

amount of dye adsorbed when the monolayer’s 

completed. The monolayer capacity (Qo) of the 

adsorbent for the dye is comparably obtained from an 

adsorption isotherm. The observed statistically 

significant (at the 95% confidence level) linear 

relationship as evidence of these by the R2 values 

(close to unity) indicates the applicability of the 

isotherm (Langmuir isotherm) and surface (Nimibofa 

Ayawei et al., 2017). The Langmuir isotherm 

constants along with correction coefficients are 

reported and clear from the shape of the adsorption 

isotherm, that it belongs to the L2 category of 

isotherm, which indicates the normal (or) Langmuir 

type of adsorption (Mula Berhe Desta et al., 2013). 

 

Freundlich isotherm 

Multilayer adsorption on heterogeneous surface 

energies system is determined by Freundlich 

isotherm. Fig. 6 (a) and (b) represents the Freundlich 

isotherm of GNSAC at different dye concentration 
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and pH. From the Freundlich isotherm it is evident 

that the batch isotherm gives a linear fit (Extross et 

al., 2022). 

q� = K�C�
�

��   

lnq�lnK�/�1 n⁄ 	lnC�   

 

The constants associated with Freundlich isotherm 

are the intercept, which is an indicator of sorption 

capacity (kf) and the slope (1/n) sorption intensity. 

Freundlich isotherm has been illustrated to be a 

special case of heterogeneous surface energies and it 

can be easily extended to this case (Rondina et al., 

2019). It has been stated by that the magnitude of the 

exponent 1/n gives an indication of the favourability 

and capacity of the adsorbent system. The values of n 

>1 represents the favourable adsorption condition 

(Kumari et al., 2018). The exponent between 1< n < 

10 shows the better adsorption (Shariati Rad et al., 

2014). From the figure it is evident that R2 was fine 

and sorption was excellent. 

 

Conclusion 

Activated carbon prepared from Ground nut shells to 

absorb the textile dye (congo red) is investigated 

under bath equilibrium modes. Langmuir model 

confirms the presence of the formation of a 

monolayer on the outer space of the adsorbent. 

Freundlich model confirms the prepared material has 

high adsorption capacity. Adsorption of Congo red 

dye at an adsorbent dosage of 45.98g L-1 and pH 

50.8g L-1 is reasonably high. When compared with 

acidic, neutral, and alkaline conditions, dye 

utilization is higher in an acidic medium. From this, it 

can be finalized that the pH of the aqueous solution is 

a major factor of adsorption using Congo red or 

GNSAC. Pore size, volume, and particle shape are the 

major factors that determine adsorption. Surface 

morphological studies showed well pore size, volume, 

and crack are formed in GNSAC. After the activation 

process, the pore size and volume are increased this 

enhances the adsorption property. The usage of 

agricultural waste biomass from Ground nut shells 

paves a new path in water treatment. From this 

research, advancement can be done in the water 

treatment process using the data reported here. 

Activated carbon prepared from Ground nut shells is 

the best suitable adsorbent that can be employed in 

water treatment plants. Our research confirms the 

higher efficiency and low cost of the adsorbent 

material. Ground nut seed shell-activated carbon is a 

promising adsorbent for removing textile dyes and 

also in water treatment. 
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