
   2025pp. 339-353  Vol. 24
p-ISSN: 0972-6268 
(Print copies up to 2016) No. S1  Nature Environment and Pollution Technology

  An International Quarterly Scientific Journal

Original Research Paper

e-ISSN: 2395-3454

Open Access JournalOriginal Research Paperhttps://doi.org/10.46488/NEPT.2025.v24iS1.026

Efficient Removal of Congo Red Dye Using Activated Carbon Derived from Mixed 
Fish Scales Waste: Isotherm, Kinetics and Thermodynamics Studies
Vevosa Nakro1 , Ketiyala Ao1 , Tsenbeni N. Lotha1 , Imkongyanger Ao1 , Lemzila Rudithongru1 ,  
Chubaakum Pongener1 , Merangmenla Aier2 , Aola Supong3  and Latonglila Jamir1†
1Department of Environmental Science, Nagaland University, Lumami Campus-798627, Nagaland, India
2Department of Chemistry, National Institute of Technology, Nagaland, Chumoukedima-797103, Nagaland, India  
3Department of Chemistry, Sao Chang College, Nagaland, India
†Corresponding author: Latonglila Jamir; latongli.jamir@gmail.com

       ABSTRACT
The discharge of large quantities of organic dyes into the environment causes significant 
harm to humans and the environment. Thus, there is an urgent need to develop cost-effective 
adsorbents for removing these dyes. In the present study, the synthesis of activated carbon 
(AC) derived from mixed fish scale waste using KOH activation was investigated for Congo 
red (CR) dye removal. The finding shows that the obtained biocarbon has a fixed carbon of 
42.9% with a crystallinity index of 15.01%. N2 adsorption-desorption isotherm was found to 
be type IV, signifying mesoporous structure with a surface area and total pore volume of 
150.049 m2 g-1 and 0.119 cm3.g-1. Batch adsorption was carried out by various adsorbent 
doses, initial concentration, contact time, and pH to comprehend the effect of operating 
parameters on its removal efficacy. The isotherm studies fitted well for Freundlich with an 
R2 of 0.99%. Adsorption kinetics was best fitted by the pseudo-second-order model and 
thermodynamic studies revealed the adsorption process to be exothermic and spontaneous. 
The efficiency of AC was also studied by an amount of sorption and desorption cycles which 
showed its potential for reusability up to the sixth cycle. Thus, the findings suggest that 
activated carbon derived from mixed fish scale waste is a promising adsorbent for removing 
Congo red dye from aqueous solutions.

INTRODUCTION

Dyes present in aqueous solutions are highly visible even 
at low concentrations and pose significant health and 
environmental risks due to their harmful effects on humans 
and ecosystems. It can be classed as cationic, anionic, or non-
ionic depending on its properties and structure(Agarwal et 
al. 2023). The sources include industries like food, printing, 
textiles, leather, pulp/paper mills, plastics, cosmetics, and 
pharmaceuticals (Jasińska et al. 2019), which can lead to the 
creation of a hypoxic environment in water. Approximately 
10,000 diverse dyes and pigments, totaling 700,000 tons, 
are used in industries each year out of which 10-15% end 
up in water bodies (Bhatia et al. 2017). Among them, congo 
red (CR) is a widely used anionic azo dye in textile and 
paper dyeing (Fig. 1) (Lade et al. 2015). Known for its six 
aromatic rings, this anionic diazo dye is highly toxic and 
mutagenic, also resistant to natural degradation. It can irritate 
the skin and gastrointestinal tract, and it decomposes into 
carcinogens, posing significant risks to both human health 
and environmental safety (Li et al. 2023). Additionally, 

it is often illicitly added to meat and meat products as a 
coloring agent due to its low cost, high stability, and excellent 
dyeing properties (Wang et al. 2023). According to Jain 
and co-workers (Jain & Sikarwar 2014), it is stable in the 
atmosphere and may also be used as an indicator. It can also 
be used in gamma-ray dosimeters since its color diminishes 
with radiation strength(Rajhans et al. 2020). Prolonged dye 
contact with the skin or eyes might cause severe irritability 
due to the dye’s extreme toxicity and when consumed it can 
cause nausea, vomiting, and diarrhea (Lade et al. 2015). CR 
dye displays different types of toxic effects including skin-
related, environmental, microbial, yeast, bacterial, algal, 
and protozoan toxicity that exhibits genotoxic and cytotoxic 
effects with the ability to produce genetic alterations and 
cancer (Rajhans et al. 2020).

Over the decades, wastewater has been treated using 
diverse approaches like photocatalysis(Jorfi et al. 2016, 
Khan et al. 2023b), ultrafiltration (Hoslett et al. 2018, Yin 
et al. 2019), electrochemical processes (Islam et al. 2023), 
adsorption (Ukanwa et al. 2019, Burchacka et al. 2021), etc. 
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due to its effectiveness and cost efficiency, the adsorption 
technique is commonly employed methods for removing 
dyes from wastewater. AC branded by its significant surface 
area, high adsorption capacity, and cost-effectiveness, is 
a preferred choice for removing pollutants from aqueous 
solutions (Prajapati & Mondal 2020, Lotha et al. 2024, Sh 
et al. 2024).

Following this, a range of plant sources have been used to 
synthesize activated carbon, including rice husk rice (Feuzer-
Matos et al. 2021), pistachio shells (Nejadshafiee & Islami 
2019) coconut shells (Kosheleva et al. 2019, Muzarpar et al. 
2020, Prajapati & Mondal 2020), bamboo (Lou et al. 2022), 
agricultural residues (Adamu & Adie 2020), bagasse (Van 
Tran et al. 2017), olive stone (Limousy et al. 2017), Manihot 
esculenta (Pongener et al. 2018), palm shell (Muzarpar et 
al. 2020), neem husk (Pathak 2023), apple peels (Jedynak 
& Charmas 2024), banana peels (Shukla et al. 2020), 
pine cone (Bhomick et al. 2018), almond shells (Boulika 
et al. 2023), litchi shell (Zhang et al. 2014) and Tithonia 

diversifolia (Supong et al. 2019a), etc. On the contrary, AC 
derived from animal biomass has not received significant 
attention in the existing literature with only a few reports 
which include cow manure (Park et al. 2022), pig bone 
(Liu et al. 2020), buffalo bone (Khan et al. 2023a), chicken 
bones (Khan et al. 2023a), donkey and horse bones (Jerome 
Sunday 2019), egg shells (Ahmad et al. 2020a), animal hair 
(Liu et al. 2013a), snail shell (Adiotomre 2015), sheep and 
goat dung (Kandasamy et al. 2023), etc. as it is known to 
hold many advantages, especially regarding its efficiency 
in removing pollutants and cost-effectiveness (Sh et al.  
2024).

Fish scales, among other animal biowaste, have been 
found to have high percentages of carbon content and 
an insignificant amount of ash content, making them a 
promising source for AC synthesis (Stevens & Batlokwa 
2017, Côrtes et al. 2019, Kodali et al. 2022). The removal 
of CR has been achieved by AC synthesized from shrimp 

shells which possess an adsorption capacity of 288.2 mg.g-1  
(Zhou et al. 2018). Similarly, bael shells-based AC showed  
high adsorption capacity of 98.03 mg.g-1 towards the removal 
of CR (Ahmad & Kumar 2010). Hence, this study aims to 
utilize mixed fish scales (mFS) waste for AC production in 
CR dye removal. Various analytical techniques were used 
to characterize the synthesized adsorbent. Additionally, the 
effects of adsorbent dose, CR concentration, contact time, 
and pH on its adsorption were thoroughly investigated 
(Manjuladevi & Sri 2017, Mondal & Basu 2019). 
Furthermore, the isotherm, kinetics, and thermodynamics 
of the CR adsorption process on AC were examined and the 
potential reusability of the adsorbent was explored.

The unique aspect of using fish scales is their abundant 
availability, cost-effectiveness, and high carbon content, 
making them a sustainable and efficient raw material for 
activated carbon production. Although fish scales have 
been used before for this purpose, our study introduces a 
novel approach by utilizing mixed fish scale waste. This 
approach has the potential to improve adsorption capabilities, 
providing a practical solution for both waste management 
and dye removal. While previous research has investigated 
the use of AC derived from other biomass sources for 
CR removal, there is a gap in the literature regarding its 
application using waste mixed fish scales biomass.

MATERIALS AND METHODS

Materials

Mixed fish scales (mFS) were collected from the local fish 
market in Mokokchung town, Nagaland, India (26°19’38” N 
latitude and 94°31’ 26” E longitude). Initially, the collected 
mFS were washed with distilled water, rinsed, and then dried 
in an oven at 120°C for 48 h. CR dye used in the current work 
was procured from Thermo ScientificTM. KOH, HCl, and 
NaOH were acquired from HI MEDIA (India) while HNO3, 
KNO3, and H2SO4 were obtained from Sigma Aldric.

(Rajhans et al. 2020). Prolonged dye contact with the skin or eyes might cause severe irritability 

due to the dye's extreme toxicity and when consumed it can cause nausea, vomiting, and 
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Preparation of mixed fish scales (mFS) activated carbon: 
The collected biomass i.e. mixed fish scales were pyrolyzed 
at 500 °C for 1 h in a muffle furnace. After carbonization, 
the sample was ground and sieved into a fine powder using 
212µ mesh and then subjected to KOH activation. Here, KOH 
was chosen as an activating agent because it creates a highly 
porous structure with a large surface area, allowing the AC 
to remove dye more efficiently from aqueous solutions. The 
resulting powder was labeled as mixed fish scales unactivated 
carbon (mFSUC). For activation, 200 mL of 10% KOH 
solution was mixed with 10 g of mFSUC. It was then stirred 
at 24°C for 3 h before drying in an oven for 30 h at 130°C. 
Subsequently, the dried sample was pyrolyzed at 700ºC for  
3 h. The sample was subsequently rinsed with 0.1 M HCl and 
deionized water to achieve a neutral pH. The prepared AC is 
further subjected to oven drying at 105°C, labeled as mixed 
fish scales activated carbon (mFSAC) for further analysis. 
The scheme of mFSAC production is depicted in Fig. 2.  

Carbon yield % is represented using the equation below.

 Yield % =  W1
W2

× 100  …(1)

where W1 = AC final weight; W2 = dried raw biomass 
initial weight (mixed fish scales).

Adsorbate preparation: A concentration of 1000 mg.L-1 
stock solution of CR dye was prepared with an addition of 
0.5 g dye to 500 mL of de-ionized water. This stock solution 
was then used as the base for creating various concentrations 
at a range of 10 to 100 mg.L-1. Throughout the study, 
chemicals were utilized without additional purification, 
and all experiments were conducted using de-ionized water.

Characterization of mFSAC: Proximate analysis of 
the prepared AC was conducted following the guidelines 
provided by the American Society for Testing and Materials 
( Standard A.S.T.M. 1999, Mukherjee et al. 2011), whereas 

ultimate analysis was conducted by CHNS elemental 
analyzer (Model: EA30000, Eurovector, Italy). The 
measurement for determining the iodine number followed 
the procedure specified by ASTM (American Society for 
Testing and Materials) D4607-94(2006) (ASTM 2006). 
Brunauer–Emmett–Teller (BET) surface area was also 
analyzed by (Smart instrument, SS93/02). The dried sample 
of AC was applied as a thin layer onto carbon conducting 
tape and subsequently gold coated. The microstructure and 
morphology of the prepared mFSAC were examined using 
a Scanning Electron Microscope (SEM) at an accelerating 
voltage of 3 kV (Model: JSM-6360, JEOL). The prepared 
AC was then characterized using a Fourier Transform 
Infrared (FTIR) spectrometer (Model: Spectrum Two, 
made: PerkinElmer, USA) to analyze the surface functional 
groups and XRD analysis was performed (Model: ULTIMA 
IV, Rigaku, Japan) using CuKα radiation, scanning at a 
rate of °0.2 per minute. X-ray photoelectron spectroscopy 
(XPS) for the sample was also examined (Model: OHI 5000 
VersaProbe 111, USA), whereas the zero-point charge of 
the AC was determined through a batch equilibrium test 
(Babić et al. 1999).

Adsorption experiments: The batch method was performed 
to study the CR dye adsorption from the aqueous solution. 
Each experiment was conducted in an Erlenmeyer flask 
with an initial CR concentration shaken at 160 rpm in a 
rotary shaker for a fixed time. The parameters considered 
for investigating the CR dye removal were: Adsorbent dose 
(0.1-0.5 g.L-1), pH (3-10), concentration (10-100 mg.L-1), 
contact time (10-100 min) and temperature (298-328 K). 
The filtrate of CR dye was measured at 497 nm using a UV-
Vis Spectrophotometer (lambda 35, PerkinElmer). Three 
separate sets of adsorption tests were conducted. Removal 
Percentage (%) and adsorption capacity were calculated 
using the equation below.
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 %Removal of CR dye =  Co−Ce
Co

× 100   …(2) 

qe = (Co−Ce)
M ×  V     …(3) 

 

 …(2)

 

%Removal of CR dye =  Co−Ce
Co

× 100   …(2) 

qe = (Co−Ce)
M ×  V     …(3) 

 

 …(3)

Adsorption isotherms and kinetic experiments were 
investigated to comprehend the pollutant-adsorbent 
interaction (Belaib & Meniai 2016). The total quantity of CR 
retained by the AC was determined at various time intervals 
using the equation,

 qt =
Co−Ct
m × V  …(4)

Here, Co and Ce = initial and final concentrations, V = 
volume of CR solution; M = adsorbent mass, qt = amount of 
dye adsorbed, t = time taken, Ct = dye concentration at time t. 

RESULTS AND DISCUSSION

Characterization of Prepared mFSAC

Physico-chemical properties of mFSAC are given in  
Table 1. The outcomes of the ultimate analysis are: carbon 
(C) 22.84%, hydrogen (H) 0.994%, nitrogen (N) 2.25%, and 
sulfur (S) 0.55%. The N2 adsorption-desorption isotherm 
initiates the sample to be of type IV, indicating a mesoporous 
structure with a surface area of 150.049 m2.g-1 and a pore 
volume of 0.119 cm3.g-1. The values attained are in line with 
the synthesized AC’s porosity and adsorptive properties. The 
prepared AC’s elemental analysis revealed a much greater 
carbon content of 57.83% and a significantly lower ash level. 
The pHzpc, which correlates to the adsorbent’s charge on 
its surface, was found to be 7.64 indicating that the carbon 
surface will be predominantly negative or positively charged 
respectively at a pH below or above 7.64 (Liu et al. 2013b, 
Habeeb et al. 2017).

Scanning electron microscopy (SEM) analysis offers 
valuable data on the surface morphology of the synthesized 
mFSAC. The micrograph of the AC revealed an uneven 
surface with variable-sized pores and shapes dispersed 
throughout the surface (Fig. 3a). This could be owing to 
the interaction of KOH with the mFSAC, which results in 
the expansion of pores as a consequence of the elimination 
of volatile chemicals throughout the activation process 
(Supong et al. 2020, 2022). After the dye adsorption on the 
AC (Fig. 3b), SEM analysis can offer valuable insights into 
the alterations in the shape and structure of the material. The 
surface of the mFSAC post-dye adsorption appears rougher 
and more defined compared to the surface of AC before 
adsorption. This roughness is attributed to the attachment of 
CR dye molecules to the AC surface, leading to the formation 
of a complex three-dimensional network of dye molecules.

The FT-IR analysis was used to determine the existing 
functional groups as depicted in Fig.4. For mFSAC, at a 
wavelength of 3436 cm-1, the adsorption band is attributed 
to the (O-H) hydroxyl group whereas the band at 2908 cm-1 
may be ascribed to the stretching vibrations of the C-H 
bonds in alkanes and alkyl groups (Jiang et al. 2021). The 
vibrational modes of C=N bonds are also associated with 

pHZPC pH=7.64 Pore size 0.119 cm3.g-1 
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Fig. 3: SEM Micrograph of mFSAC (a) before, and (b) after adsorption.

Table 1: Different physio-chemical properties of mFSAC.

Proximate analysis (wt%) Ultimate analysis: CHNS (wt%)

Moisture 12.5% C 22.84

Volatile 29.8 % H 0.994

Ash 14.8 % N 2.25

Fixed carbon 42.9% S 0.055

Iodine 
number 

210.67 mg.g-1 BET surface 
area

150.049 m2.g-1

pHZPC pH=7.64 Pore size 0.119 cm3.g-1
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2008). The XRD profile of the mFSAC (Ratio 2:1) is depicted 
in Fig 5. The crystallite size of mFSAC is 4.2 nm and the 
degree of crystallinity was observed as 15.01% following 
the equation below,

 D = kλ
βCos θ         …(5) 

Crystallinity =  Area of crystalline peak
The overall area of peaks (crystalline+amorphous) × 100  …(6) 

 

 …(5)

Crystallinity =   

D = kλ
βCos θ         …(5) 

Crystallinity =  Area of crystalline peak
The overall area of peaks (crystalline+amorphous) × 100  …(6) 

 

 
  …(6)

The electron dispersive X-ray spectroscopy (EDX) 
analysis of the element percentage composition of mFSAC 
(Ratio 2:1) at 700 °C is shown in Fig. 6. The study revealed 
that the main components in its chemical structure were 
carbon (C) at 57.83% and oxygen (O) at 23.04% (Habeeb 
et al. 2017). Additionally, small amounts of Al, P, S, Ca, Br, 
Sb, and Pt were also detected.

The surface chemical composition of mFSAC using 
X-ray Photoelectron Spectroscopy (XPS) was analyzed. The 
wide scan spectra illustrating the chemical composition of 
mFSAC are presented in [Fig. 7 (a-c)]. The study indicated 
that carbon and oxygen were the most abundant elements. 
Specifically, carbon was observed at 284 eV and oxygen at 
531 eV as the primary components. Further examination of 
the XPS spectrum at the Cls spectra with a binding energy 
of 284 eV revealed the presence of C-H or C-C groups, 
characteristic of graphitic carbon, and C-O groups, indicative 
of hydroxyl or ester functionalities. The major peaks in the 
O1s XPS spectra, with a binding energy of approximately 
531 eV, corresponded to C-O carbonyl groups (Liu et al. 
2020, An et al. 2022). The research offers valuable insights 

bands at 1637 cm-1 and 2264 cm-1 (Bal Altuntaş et al. 2020). 
Furthermore, the existence of ether and ester functional 
groups which produce asymmetric stretching can be seen at 
wavelength 1208.66 cm-1 and 1020 cm-1 respectively (Alau 
et al. 2010). The prominent stretching vibrations of C–O, 
bending vibration of -OH groups, and C–H bonds result in 
IR peaks between 400 cm-1 and 800 cm-1 (Bhomick et al. 
2018, Supong et al. 2019b). mFSUC at wavelength 3701 cm-1 

attributes to the stretching vibration of the O-H (hydroxyl) 
groups. This can be indicative of free O-H groups, which 
are not hydrogen-bonded whereas the band at 1539 cm-1 
is typically associated with the stretching vibrations of 
C=C bonds in aromatic rings or the bending vibrations of 
N-H bonds in amines. The absorption band at 1025 cm⁻¹ 
is also commonly associated with the stretching vibrations 
of C-O bonds. After dye adsorption on the mFSAC, the 
band at 3733 cm⁻¹ is typically attributed to the stretching 
vibration of free O-H groups whereas the absorption band at  
1527 cm⁻¹ is typically associated with the N-H bending 
vibration in amines or amides. It could also correspond to 
the aromatic C=C stretching vibrations.

XRD analysis was conducted on the prepared mFSAC 
with 2θ scan from 10° to 90°. The main peaks were found 
at 2θ = 26.24°, 32.15°, 39.8°, 49.0°, 58.86°, 64.33°, 76.0° 
and 88.10°, conforming to the d spacing of 0.34, 0.278, 
0.225, 0.185, 0.145, 0.156, 0.125 and 0.12 nm respectively. 
The peaks about at 2θ = 26.24° and 32.15° indicate 
hydroxyapatite(Al-Malack & Basaleh 2016, Muthukumaran 
et al. 2016) and a peak at 2θ = 49.0° represents CaCO3 (Luo 
et al. 2020). Several peaks are in agreement with the reported 
peaks at 25.8°, 31.8°, 39.6°, and 49.3°, which resemble d 
spacings of 0.345, 0.281, 0.227, and 0.184 nm (Torres et al. 
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with the N-H bending vibration in amines or amides. It could also correspond to the aromatic 

C=C stretching vibrations. 

 

Fig. 4: FT-IR spectrum of mFSAC, mFSAC + CR dye, mFSAC. 

XRD analysis was conducted on the prepared mFSAC with 2θ scan from 10° to 90°. The main 

peaks were found at 2θ = 26.24°, 32.15°, 39.8°, 49.0°, 58.86°, 64.33°, 76.0° and 88.10°, 

conforming to the d spacing of 0.34, 0.278, 0.225, 0.185, 0.145, 0.156, 0.125 and 0.12 nm 

respectively. The peaks about at 2θ = 26.24° and 32.15° indicate hydroxyapatite (Al-Malack 

& Basaleh 2016, Muthukumaran et al. 2016) and a peak at 2θ = 49.0° represents CaCO3 (Luo 

et al. 2020). Several peaks are in agreement with the reported peaks at 25.8°, 31.8°, 39.6°, and 

49.3°, which resemble d spacings of 0.345, 0.281, 0.227, and 0.184 nm (Torres et al. 2008). 
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Fig. 4: FT-IR spectrum of mFSAC, mFSAC + CR dye, mFSAC.
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into the composition of mFSAC, specifically highlighting 
the presence of oxygen and carbon elements. Examination of 
the XPS spectrum indicated the existence of carbonyl groups 
and carbon bonds within the AC structure. These results 
are instrumental in characterizing AC and advancing our 
knowledge of its chemical composition, thereby facilitating 
the exploration of its potential applications.
Batch adsorption studies: Experimental variables like 
adsorbent dosage, initial concentration, contact time, pH, 
and temperature in the adsorption process were evaluated. 
Optimization of the equilibrium conditions was achieved 
through systematic variation of these parameters. At 25 °C, 
the CR concentrations were adjusted from 10-100 mg L-1, 
AC dose: 0.1-0.5 g L-1, and pH: 2-10 which was then shaken 

at 160 rpm. After the optimized conditions, the initial CR 
concentration, dosage, temperature, and contact time were 
20 mg L-1, 0.25 g L-1, 25 °C, and 60 minutes, respectively. 
Mostly, significant removal of 99% was achieved at pH 4, 
making it an ideal pH for CR dye removal. The occurrence 
of OH- ions in the solution, particularly at higher pH levels 
resulted in a decrease in adsorption capacities at elevated 
pH levels. These ions compete for available adsorption sites 
with the anionic dye (Beshkar et al. 2017, Alkurdi et al. 2019, 
Rajkumar et al. 2019).

For adsorbent efficiency, it is vital to study the effect of CR 
concentration and contact time. Various dye concentrations 
ranging from 10 to 100 mg L-1 were evaluated over a contact 
time of 0 to 100 minutes to understand the influence of 

The XRD profile of the mFSAC (Ratio 2:1) is depicted in Fig 5. The crystallite size of mFSAC 

is 4.2 nm and the degree of crystallinity was observed as 15.01% following the equation below, 

D = ��
���� �

         …(5) 

Crystallinity =  ���� �� ����������� ����
��� ������� ���� �� ����� (�������������������� )

× 100  …(6) 

 

Fig. 5: XRD patterns of mFSAC. 

              The electron dispersive X-ray spectroscopy (EDX) analysis of the element percentage 

composition of mFSAC (Ratio 2:1) at 700 °C is shown in Fig. 6. The study revealed that the 

main components in its chemical structure were carbon (C) at 57.83% and oxygen (O) at 

23.04% (Habeeb et al. 2017). Additionally, small amounts of Al, P, S, Ca, Br, Sb, and Pt were 

also detected. 
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Fig. 5: XRD patterns of mFSAC.

 

 Fig. 6: EDX spectrum of mFSAC. 

              The surface chemical composition of mFSAC using X-ray Photoelectron 

Spectroscopy (XPS) was analyzed. The wide scan spectra illustrating the chemical composition 

of mFSAC are presented in [Fig. 7 (a-c)]. The study indicated that carbon and oxygen were the 

most abundant elements. Specifically, carbon was observed at 284 eV and oxygen at 531 eV 

as the primary components. Further examination of the XPS spectrum at the Cls spectra with a 

binding energy of 284 eV revealed the presence of C-H or C-C groups, characteristic of 

graphitic carbon, and C-O groups, indicative of hydroxyl or ester functionalities. The major 

peaks in the O1s XPS spectra, with a binding energy of approximately 531 eV, corresponded 

to C-O carbonyl groups (Liu et al. 2020, An et al. 2022). The research offers valuable insights 

into the composition of mFSAC, specifically highlighting the presence of oxygen and carbon 

elements. Examination of the XPS spectrum indicated the existence of carbonyl groups and 

carbon bonds within the AC structure. These results are instrumental in characterizing AC and 

advancing our knowledge of its chemical composition, thereby facilitating the exploration of 

its potential applications. 

Fig. 6: EDX spectrum of mFSAC.
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Fig. 7: XPS spectra of mFSAC; a) C1s b) O1s c) Overall wide scan.  

Batch adsorption studies: Experimental variables like adsorbent dosage, initial 

concentration, contact time, pH, and temperature in the adsorption process were evaluated. 

Optimization of the equilibrium conditions was achieved through systematic variation of 

these parameters. At 25 °C, the CR concentrations were adjusted from 10-100 mg L-1, AC 

dose: 0.1-0.5 g L-1, and pH: 2-10 which was then shaken at 160 rpm. After the optimized 

conditions, the initial CR concentration, dosage, temperature, and contact time were 20 mg L-

1, 0.25 g L-1, 25 °C, and 60 minutes, respectively. Mostly, significant removal of 99% was 

achieved at pH 4, making it an ideal pH for CR dye removal. The occurrence of OH- ions in 

the solution, particularly at higher pH levels resulted in a decrease in adsorption capacities at 

elevated pH levels. These ions compete for available adsorption sites with the anionic dye 

(Beshkar et al. 2017, Alkurdi et al. 2019, Rajkumar et al. 2019).  

             For adsorbent efficiency, it is vital to study the effect of CR concentration and contact 

time. Various dye concentrations ranging from 10 to 100 mg L-1 were evaluated over a contact 

time of 0 to 100 minutes to understand the influence of the adsorption process. The results are 

Fig. 7: XPS spectra of mFSAC; a) C1s, b) O1s, c) Overall wide scan. 

the adsorption process. The results are shown in Fig 8(a) 
and (c), indicating that as dye concentration increased, the 
adsorption uptake also increased, reaching equilibrium at 60 
minutes. Following an initial phase of rapid adsorption, the 
pace at which the adsorbent extracted dye from the solution 
decreased. This deceleration could be attributed to a decrease 
in the number of active sites accessible on the adsorbent’s 
surface. Initially, numerous active sites may have been 
present for dye molecules to adhere to, resulting in rapid 
adsorption. However, as more dye molecules adhered to 
the surface, the number of active sites dwindled, leading to 
a deceleration in the adsorption rate (Ibrahim et al. 2016). 
Fig. 8(b) depicts the relationship between AC dosage and 
the removal percentage of CR at various concentrations. 
The removal efficiency of CR improved as the adsorbent 
dose increased for all CR concentrations until a dosage of 
0.25 g of carbon was reached. This can be attributed to the 
large surface area of the mFSAC (Zhang et al. 2014, Dai 
et al. 2020). However, as the dosage exceeded 0.25 g, no 
significant changes were observed, indicating saturation 
of adsorbent binding sites with the dye molecules. Similar 
findings were found in a study on Ponceau 4R adsorption 

by Tilapia fish scales activated carbon treated with NaOH 
(Zhu et al. 2013). Subsequent readings were made keeping 
the optimal adsorbent dosage at 0.25 g.

pH levels from 2 to 10 were explored for CR dye 
adsorption utilizing mFSAC (Fig. 8d). The study shows that 
with an increase in pH from 2 to 10, the removal percentage 
and adsorption capacity of CR declined. This phenomenon 
can be ascribed to electrostatic interactions where pH levels 
lower than pHZPC, negatively charged CR molecules were 
attracted to the surface with a net positive charge. However, 
at pH levels exceeding the ZPC, the surface acquired a net 
negative charge, which repelled the negatively charged CR 
molecules, leading to decreased adsorption. Despite this 
trend, a high removal rate of 99% was observed at pH 4. The 
activated carbon’s pHzpc was found to be close to neutral pH: 
7.64, suggesting that both electrostatic and non-electrostatic 
interactions likely influenced CR dye adsorption. An 
increase in negatively charged -OH groups may compete 
with adsorption sites for negatively charged CR molecules 
at pH values greater than the pHZPC, which would reduce 
the percentage of dye removed (Bhomick et al. 2019). For 
instance, previous research has examined the adsorption of 
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Alizarin Red S using pine cone biocarbon and the adsorption 
of Ponceau 4R using Tilapia fish scales activated carbon  
(Zhu et al. 2013, Bhomick et al. 2018).

Adsorption isotherm studies: For equilibrium adsorption 
studies, the Langmuir, Freundlich, and Temkin adsorption 
models were analyzed with the experimental data such as 
the initial CR concentration: 20 mg.L-1, dosage: 0.25 g.L-1, 
temperature: 25°C and contact time: 60 minutes, respectively. 
One of many assumptions of the Langmuir isotherm is that 
adsorption happens on homogenous surfaces possessing 
equally energetic adsorption sites. Furthermore, equilibrium 
in the adsorbate-adsorbent system is reached when the 
adsorption of the adsorbate is confined to a single molecular 
layer, occurring at or before a relative pressure of unity is 
achieved (Shen et al. 2018). Our findings indicate that the 
Langmuir isotherm provides a qmax value of 19.58 mg.g-1 
with an R2 = 0.96, suggesting a good fit. Additionally, the 
calculated separation factor, RL = 0.035, indicates a favorable 
adsorption process (Giraldo & Moreno-Piraján 2014). The 
Freundlich isotherm analysis utilizes the heterogeneity factor, 

represented as nF, to determine if the adsorption process is 
linear (nF = 1), chemical (nF < 1), or physical (nF > 1). Our 
results indicating nF = 0.278 and 1/nF = 3.602, suggest the 
favorability of physical processes and cooperative adsorption 
(Idrees et al. 2018). High R2 = 0.99, obtained when fitting 
the data to Freundlich isotherm confirms its appropriateness 
for our study. The preference for the Freundlich model in 
describing the adsorption process indicates adsorption on a 
heterogeneous surface with varying energies, allowing for 
multiple layers of adsorbate molecules. This aligns with 
AC’s complex surface structure and diverse active sites. 
Additionally, the Freundlich model fits well for adsorbents 
with high capacities, like AC with its large surface area. 
Overall, the choice of the Freundlich model suggests it best 
captured the observed adsorption behavior, likely due to its 
good fit with the experimental data.

Temkin isotherm is designed to explicitly assess 
adsorbent-adsorbate interactions, yet its effectiveness in 
explaining CR dye adsorption onto mFSAC is reduced by R2 
= 0.92, particularly when associated with the Langmuir and 

 

Fig. 8: Effect of mFSAC (a) Initial CR concentration (b) adsorbent dose (c) contact time and 

(d) pH. 

Adsorption isotherm studies: For equilibrium adsorption studies, the Langmuir, Freundlich, 

and Temkin adsorption models were analyzed with the experimental data such as the initial CR 

concentration: 20 mg.L-1, dosage: 0.25 g.L-1, temperature: 25°C and contact time: 60 minutes, 

respectively. One of many assumptions of the Langmuir isotherm is that adsorption happens 

on homogenous surfaces possessing equally energetic adsorption sites. Furthermore, 

equilibrium in the adsorbate-adsorbent system is reached when the adsorption of the adsorbate 

is confined to a single molecular layer, occurring at or before a relative pressure of unity is 

achieved (Shen et al. 2018). Our findings indicate that the Langmuir isotherm provides a qmax 

value of 19.58 mg.g-1 with an R2 = 0.96, suggesting a good fit. Additionally, the calculated 

separation factor, RL = 0.035, indicates a favorable adsorption process (Giraldo & Moreno-

Piraján 2014). The Freundlich isotherm analysis utilizes the heterogeneity factor, represented 

as nF, to determine if the adsorption process is linear (nF = 1), chemical (nF < 1), or physical 

(nF > 1). Our results indicating nF = 0.278 and 1/nF = 3.602, suggest the favorability of 

Fig. 8: Effect of mFSAC (a) Initial CR concentration (b) adsorbent dose (c) contact time and (d) pH.
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Freundlich isotherms. The trial data indicates an exothermic 
process, as evidenced by a positive, BT = 8.56 which is 
associated with the heat of adsorption (Toor & Jin 2012, 
Ahmad et al. 2020b). Each adsorption isotherm model was 
confirmed using chi-square analysis. The Freundlich model 
exhibited the lowest χ2 values followed by the Langmuir 
and Temkin models using equation 7. This suggests that 
the Freundlich model more accurately describes the CR dye 
adsorption. Table 2 shows the values for each adsorption 
isotherm parameter.

 𝜒𝜒2 = ∑ (qe(exp) −  qe(cal))2

qe(cal)
 …(7)

Adsorption kinetics studies: Kinetic parameters are 
essential for developing and modeling the adsorption process, 
as well as understanding adsorption dynamics in relation to 
the order of rate constant. To know the experimental data for 
CR adsorption on mFSAC, models like pseudo-first-order 
(PFO), pseudo-second-order (PSO), intraparticle diffusion, 
and the Elovich model were analyzed. The earliest known 
equation that describes the adsorption capacity-based 
adsorption rate is the PFO (Bahgat et al. 2013). Whereas, 
the PSO is a chemisorption-based account of the adsorption 
process that contains valency forces and is explained by 
electron exchange between the sorbate and the solvent 
(Prajapati & Mondal 2020).

The PFO constant K1 is derived from a linear plot of 
ln(qe-qt) vs time (Fig 9a). CR sorption on the mFSAC system 
was found to have a K1 value of 0.00126/min, R2 = 0.85, 
and an equilibrium sorption capacity qe = 1.958 mg g-1. PFO 
is less advantageous than pseudo-second order due to its 
lower correlation coefficient and higher Sum of Squares 
Error (SSE) value (Table 3). The PSO model’s correlation 
coefficient value of R2 = 0.999 demonstrates the applicability 

of mFSAC (Fig 9b). In this context, the R2 values have been 
determined to exhibit a stronger correlation, surpassing those 
of the PFO model by a significant margin. The results of the 
SSE study as well as qe(cal) and qe(exp) values further show 
that the PSO can more accurately and satisfactorily define the 
adsorption kinetics of CR onto mFSAC. Fig 9(c) depicts plots 
indicating the correlation between qt and t1/2 for intraparticle 
diffusion. According to Demirbas and co-workers (Demirbas 
et al. 2008), the thickness of the boundary layer relies on the 
specific value of the intercept such that a thicker boundary 
layer results in a greater intercept value.  The result indicates 
a different stage in the adsorption process, suggesting that 
intraparticle diffusion is the factor in the influence adsorption 
process. High R2 = 0.958 indicates homogeneous pore 
structures with a strong linear relationship between solute 
uptake and the square root of time throughout the adsorption 
process (Adane et al. 2015). The Elovich model signifies 
that the rate of adsorption decreases over time and considers 
diffusion as the rate-determining phase (Grassi et al. 2019, 
Al-Harby et al. 2022). The outcomes are illustrated through 
a plot of qt against ln(t) resulting in a correlation coefficient 
R2 = 0.926.

Thermodynamic studies: The assessment of thermodynamic 
parameters is a crucial and essential aspect of research on 
sorption processes which offer insights into whether the 
mechanism is predominantly influenced by chemical or 
physical interactions. The temperature range covered by 
the thermodynamic analysis of CR adsorption was 298 K to 
328 K. The thermodynamic parameters can be calculated by 
using the equation below.

 lnKd =  ∆S°
R −  ∆H°

RT     …(8) 

Kd =  qe
Ce

     …(9) 

∆G° =  ∆H° − T∆S°    …( 

 …(8)

 

lnKd =  ∆S°
R −  ∆H°

RT     …(8) 

Kd =  qe
Ce

     …(9) 

∆G° =  ∆H° − T∆S°    …( 

 …(9)

Table 2: Isotherm parameters for CR dye adsorption.

Isotherm Equations Parameters R2

Langmuir
qe =  KLCe

1 +  αLCe
; Ce

qe
= 1

KL
− αL

KL
Ce

Log(X
M) =  1

nF (logCe) + logKF

qe = RT
BT

ln(ATCe)

qmax (αL
KL

) =19.58 

1
nF =0.787

1
nF =3.602

KL= 0.166 

qe =  KLCe
1 +  αLCe

; Ce
qe

= 1
KL

− αL
KL

Ce

Log(X
M) =  1

nF (logCe) + logKF

qe = RT
BT

ln(ATCe)

qmax (αL
KL

) =19.58 

1
nF =0.787

1
nF =3.602

KL= 0.166 

= 19.58 

qe =  KLCe
1 +  αLCe

; Ce
qe

= 1
KL

− αL
KL

Ce

Log(X
M) =  1

nF (logCe) + logKF

qe = RT
BT

ln(ATCe)

qmax (αL
KL

) =19.58 

1
nF =0.787

1
nF =3.602

KL= 0.166 

= 0.787

KL = 0.961
RL = 0.035

0.96 0.0034

Freundlich

qe =  KLCe
1 +  αLCe

; Ce
qe

= 1
KL

− αL
KL

Ce

Log(X
M) =  1

nF (logCe) + logKF

qe = RT
BT

ln(ATCe)

qmax (αL
KL

) =19.58 

1
nF =0.787

1
nF =3.602

KL= 0.166 

qe =  KLCe
1 +  αLCe

; Ce
qe

= 1
KL

− αL
KL

Ce

Log(X
M) =  1

nF (logCe) + logKF

qe = RT
BT

ln(ATCe)

qmax (αL
KL

) =19.58 

1
nF =0.787

1
nF =3.602

KL= 0.166 

= 3.602

KL= 0.166 
RL= 0.231
KF= 46.697 

0.99 0.00031

Temkin

qe =  KLCe
1 +  αLCe

; Ce
qe

= 1
KL

− αL
KL

Ce

Log(X
M) =  1

nF (logCe) + logKF

qe = RT
BT

ln(ATCe)

qmax (αL
KL

) =19.58 

1
nF =0.787

1
nF =3.602

KL= 0.166 

BT= 8.56
A= 3.16 

0.92 0.1801
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lnKd =  ∆S°
R −  ∆H°

RT     …(8) 

Kd =  qe
Ce

     …(9) 

∆G° =  ∆H° − T∆S°    …(  …(10)

Here, Ce =equilibrium concentration (mg.L-1), R = 8.314 
J mol/K, T = temperature, and qe = amount of dye adsorbed.

The study revealed ΔH values of -96.62 kJ mol-1 for 
CR adsorption, suggesting an exothermic behavior, and 

-ΔG values indicating the spontaneity and vitality of 
the adsorption process. Whereas - ΔS proposed that the 
sorption is enthalpy-driven throughout the adsorption 
phase and the rise in ΔG value with temperature up to 
318 K highlighted its viability at lower temperatures  
(Table 4).

Table 3: Kinetic parameters of CR dye adsorption on mFSAC.

Kinetics Equations Parameters R2

Pseudo-first order
log(qe − qtt) = logqe −

k1
2.303

t 𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒(𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) =1.958 

k1= 0.00126 

SSE= 5.16 

MSE= 0.73 

  

t
qt

= 1
k2qe2

+ 1
qe

t qe(exp)= 1.95 

qe(cal)=1.97 

k2=1.08 

SSE=0.042 

MSE= 0.007 

 

qt = kbt1/2 + A 

 

𝑘𝑘𝑘𝑘𝑏𝑏𝑏𝑏=0.010 

qe(exp)= 1.95 

𝐴𝐴𝐴𝐴(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑚𝑚−1)= 1.864 

 

qt = 1
β
ln(αβt) + 1

β
ln(t) a = 2.765 

b = 3.278 

SSE=0.54 

MSE=0.18 

 

log(qe − qtt) = logqe −
k1

2.303
t 𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒(𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) =1.958 

k1= 0.00126 

SSE= 5.16 

MSE= 0.73 

  

t
qt

= 1
k2qe2

+ 1
qe

t qe(exp)= 1.95 

qe(cal)=1.97 

k2=1.08 

SSE=0.042 

MSE= 0.007 

 

qt = kbt1/2 + A 

 

𝑘𝑘𝑘𝑘𝑏𝑏𝑏𝑏=0.010 

qe(exp)= 1.95 

𝐴𝐴𝐴𝐴(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑚𝑚−1)= 1.864 

 

qt = 1
β
ln(αβt) + 1

β
ln(t) a = 2.765 

b = 3.278 

SSE=0.54 

MSE=0.18 

 

=1.958
k1 = 0.00126
SSE= 5.16
MSE= 0.73

0.85

Pseudo-Second order

log(qe − qtt) = logqe −
k1

2.303
t 𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒(𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) =1.958 

k1= 0.00126 

SSE= 5.16 

MSE= 0.73 

  

t
qt

= 1
k2qe2

+ 1
qe

t qe(exp)= 1.95 

qe(cal)=1.97 

k2=1.08 

SSE=0.042 

MSE= 0.007 

 

qt = kbt1/2 + A 

 

𝑘𝑘𝑘𝑘𝑏𝑏𝑏𝑏=0.010 

qe(exp)= 1.95 

𝐴𝐴𝐴𝐴(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑚𝑚−1)= 1.864 

 

qt = 1
β
ln(αβt) + 1

β
ln(t) a = 2.765 

b = 3.278 

SSE=0.54 

MSE=0.18 

 

qe(exp) = 1.95
qe(cal) =1.97
k2 =1.08
SSE=0.042
MSE= 0.007

0.99

Intraparticle diffusion 

log(qe − qtt) = logqe −
k1

2.303
t 𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒(𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) =1.958 

k1= 0.00126 

SSE= 5.16 

MSE= 0.73 

  

t
qt

= 1
k2qe2

+ 1
qe

t qe(exp)= 1.95 

qe(cal)=1.97 

k2=1.08 

SSE=0.042 

MSE= 0.007 

 

qt = kbt1/2 + A 

 

𝑘𝑘𝑘𝑘𝑏𝑏𝑏𝑏=0.010 

qe(exp)= 1.95 
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Fig. 9: (a) PFO (b) PSO (c) Intraparticle diffusion and (d) Elovich model.
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Comparative study of mFSAC and other absorbents: 
To evaluate the effectiveness of the mFSAC, a comparison 
was made with other adsorbents for the removal of CR. The 
study analyzed the removal % of mFSAC in comparison to 
various other adsorbents (Table 5). The results indicate that 
the AC derived from mixed fish scale wastes demonstrates 
a comparable adsorptive capacity to that of other adsorbents, 
highlighting its potential as an effective adsorbent for the 
removal of CR.

Regeneration studies: A regeneration study of mFSAC was 
performed by mixing 0.25 g of mFSAC with 20 mL of a  
20 mg L-1 CR solution and allowing it to stir for 60 minutes. 
The saturated carbon was then subjected to desorption for 
2 hours with the addition of 0.1 M NaOH solution. After 
desorption, the mFSAC was dehydrated at 110°C in an oven, 
filtered, and rinsed with distilled water. Fig 10 illustrates the 
removal % of mFSAC over six cycles. The results indicate 
a removal efficacy of 99% in the first cycle, decreasing to 
72.68% by the sixth cycle. These findings suggest that the 
mFSAC can be reused multiple times and can be calculated 
using the following equation.

 Desorption efficiency (%) = Desorption efficiency (%) = qdeqad
× 100  …(11)

CONCLUSİONS

This research explores potential applications for waste mixed 

fish scales (mFS) in generating activated carbon (AC) for 
adsorption purposes. Various physical properties of mFSAC 
were examined through approaches such as CHNS, BET, 
SEM, FTIR, XRD, EDX, and XPS. By employing batch 
mode operation, parameters like AC dose, initial CR dye 
concentration, contact time, pH, and temperature were 
explored. The Freundlich isotherm showed the strongest 
correlation (R2 = 0.99) for dye adsorption, indicating 
a favorable adsorption process. The pseudo-second-
order model suggests that the adsorption mechanism is 
chemisorption, implying a strong interaction between CR 
dye molecules and the AC surface. Thermodynamic analysis 
revealed that the adsorption process is temperature-dependent 
and exothermic. In conclusion, the study highlights the 
potential of using AC derived from discarded fish scales as an 
effective adsorbent for CR dye. This suggests an opportunity 
to repurpose waste fish scales into AC, which can address 
waste management issues and provide a valuable resource for 
various industries thus offering economic benefits, promoting 
environmental sustainability, and reducing reliance on non-
renewable resources.
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Table 4: Thermodynamic parameters for CR dye onto mFSAC.

Adsorbent ΔH° (kJ mol-1) ΔS° (kJ mol-1) ΔG° (kJ mol-1)

298K 308K 318K 328K

mFSAC -96.62 -287.9 -11.40 -8.57 -3.19 -3.76

Table 5: Adsorption capacities of various adsorbents for CR removal.

Adsorbate Adsorbent Optimum parameters Adsorption 
capacity 
(mg.g-1)

Removal 
%

References

Dosage Initial 
concentration
(mg.L-1)

Contact 
time

pH

Congo 
red

Fishbone 5g 150 60 min 2 666.67 96.3 (Parvin et al. 2021)

Cuttlefish bone 50mg 50 60 min 2 69.9 94 (Yazid et al. 2021)

Bael shell 50mg 50 180 min 3 98.03 92 (Ahmad and Kumar 2010) 

Trichoderma - 50 24 h 6 81.82 88 (Argumedo-Delira et al. 
2021)

Coffee waste 4g 50 180 min 3 90.90 96.8 (Lafi et al. 2019)

Azolla filiculoides 2g 200 - 6.2 243 95 (Sundararaman et al. 2021) 

Saw dust 1g - 2.5 h 2 209 96.76 (Srinivas Kini et al. 2017)
Raphanus sativus 

peels
2g - 20 min 3 0.06 94 (Rehman et al. 2012)

Grewiaasiatica 

leave
0.5g - 30 min 7 0.56 95

Mixed Fish Scales 0.25g 20 60 min 4 19.58 99 This Study
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