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ABSTRACT: To cope with the complexity of modern life, the need for better financial education is more crucial than ever. To make 
a good financial decision, a person needs to equip himself or herself with the knowledge and skills necessary to make an informed 
financial decision, manage debt effectively, plan for the future, and navigate a complex economic landscape. To exercise these 
complex economic decisions, the brain plays an important role in integrating information, assessing risk and reward, managing
emotions, and executing strategies to achieve financial goals. As a result, an emerging field in the area of behavioral finance has 
emerged, which acts as a multidisciplinary field of study known as neurofinance. Neurofinance is a combination of fields of study 
like n
activity done through brain mapping. Thus, this paper constructs the concept of neurofinance in the life of an individual financial 
decision-maker. The present study demonstrates the available studies constructed by different researchers, authors, and 
organizations. After reviewing the existing literature, the researcher found a major gap in that there was not a single study
conducted to determine the influence of neural behavior on financial decision-making among the private and government sector 
employees of a selected region. Therefore, it is imperative to know whether there is any association between neurofinance and
the individual financial decision-making of the people in North-East India. Accordingly, it is anticipated that this review paper will 
facilitate forthcoming empirical research to examine individual financial decision-making in detail. 
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1. INTRODUCTION 
In recent times, the study of brain have been highly appreciated to the extent that it has become one of the basic study like any 
of the normal subject in any course of stud
encompasses various subfields that examine different aspects of nervous system function of human body. Due to the development 
of the field of study, it has invariably attracted a huge crowd of researchers to do research in this field.Big countries have tended 
to make huge investments to explore the human brain through neural networks and model its structure and working mechanisms 
through the advanced technologies of computer science and artificial intelligence (Belabes, 2015).The curious minds, with an 
intention to explore the new field of research attracted researchers from various streams to try their luck to find something 
outstanding. With all the connection of interested parties coming from various field of study, neuroscience can now be called as 
an emerging interdisciplinary field of study.The neuroscience involves the study of brain parts, equally pointed out by Joshua & 
Michael that neural activity that represents immediate or remembered attributes of a sensory stimulus can be used as evidence
(Gold & Shadlen, 2007).Since the beginning of the twenty-first century, studies of the interaction between neuroscience and 
economics have developed remarkably (Belabes, 2015). The aim of the neuroeconomic enterprise is to integrate research from 
panoply of social and natural sciences: notably neurosciences, economics & finance, biology, cognitive and social psychology 
(Papa, 2018). Asabroader field of behavioral an immerging field of study which collaborate 
multiple discipline came into existenceto study how the brain process the  financial decision of individuals human. Neurofinance 

behavior towards 
financial activity done through brain mapping(Singhraul & Batwe, 2022).Neurofinance emerged as a combined effort of 
Neurosciences and Finances in order to better understand the dynamics of decision making in normal times as well as crisis, 
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	       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. 

Nat. Env. & Poll. Tech.
Website: www.neptjournal.com

Received: 20-04-2024
Revised:    04-06-2024
Accepted: 19-06-2024

Key Words:
Activated carbon  
Congo red dye removal  
Regeneration
Mixed fish scales

https://orcid.org/0000-0002-0487-0148
https://orcid.org/0009-0001-2330-2963
https://orcid.org/0000-0002-5337-7851
https://orcid.org/0009-0002-7116-6756
https://orcid.org/0000-0003-3983-9279
https://orcid.org/0000-0002-7708-7162
https://orcid.org/0000-0002-3672-3126
https://orcid.org/0000-0003-4367-6775
https://orcid.org/0000-0003-4039-9426
mailto:latongli.jamir@gmail.com






Vol.: (0123456789)

Environ Monit Assess         (2024) 196:974  
https://doi.org/10.1007/s10661-024-13123-x

REVIEW

Recent advances in applications of animal biowaste‑based 
activated carbon as biosorbents of water pollutants: 
a mini‑review

Vevosa Nakro · Tsenbeni N. Lotha · Ketiyala Ao · Imkongyanger Ao · Vimha Ritse · Lemzila Rudithongru · 
Chubaakum Pongener · Merangmenla Aier · Dipak Sinha · Latonglila Jamir

Received: 17 May 2024 / Accepted: 13 September 2024 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2024

Abstract  Advances in green engineering and tech-
nology have revealed a number of environmentally 
acceptable alternatives for water purification. In line 
with this, recent advances in biosorption of pollutants 
from aqueous solutions using animal biowaste-based 
activated carbon (AC) are reported herein. Apart 
from the fish scale-derived AC which is extensively 
documented, animal bones, among the rest others, 
have been studied most widely, followed by hair and 
feathers. Out of the various target water pollutants, 
removal of heavy metals has been mostly studied. 
Majority of the reports showed the Freundlich iso-
therm and pseudo second order as the best fit. Few 
investigations on the thermodynamics of the adsorp-
tion studies and reports on the Gibbs free energy 
change (ΔG°), enthalpy change (ΔH°), and entropy 
change (ΔS°) have also been discussed in this report. 
It has been concluded that while plant-based AC 
has gained wide interest, the same is not true for the 

animal-based counterpart albeit the latter’s potential 
for high sorption efficiency as seen in the present 
report.

Keywords  Activated carbon · Water pollutants · 
Animal biowaste · Biosorption · Heavy metals · Dyes

Introduction

Freshwater scarcity is one of the most pressing chal-
lenges the world has been trying to tackle over the 
last few years. The already existing severe freshwater 
crisis is aggravated by population growth, unplanned 
rapid urbanization, technological advancements, and 
agricultural operations. Nowadays, wastewater pol-
lution from diverse industrial activities has escalated 
into a global concern. Unchecked discharge of pol-
lutants poses substantial dangers to aquatic habitats, 
contributing to acute and chronic toxicity for aquatic 
animals, ecosystem pollution biodiversity dam-
age, habitat destruction, and human health problems 
(Palani et al., 2021). Toxic metal ions containing dis-
charge from various sources such as industrial and 
sanitary wastes, domestic effluents, and agricultural 
runoff has added to the prevailing strain on usable 
freshwater supply (Mustafa et  al., 2021). Long-term 
negative consequences in aquatic and human health 
have been seen to be directly related to consumption 
of polluted waters containing persistent metal ions or 
recalcitrant organic compounds. In addition, aesthetic 
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We investigate the holographic thermodynamics of 4-D Kerr-Newman anti–de Sitter (AdS) black holes,
focusing on the conformal thermal states that are dual to these black holes. We explore the thermodynamic
behavior within specific ensembles characterized by fixed sets of variables: ðQ;J ;V; CÞ, ðQ;Ω;V; CÞ,
ðφ;Ω;V; CÞ, ðφ;J ;V; CÞ, ðQ;Ω; p; CÞ, and ðφ;Ω; p; CÞ. Here, φ, Q, Ω, J , p, V, and C represent the
electric potential, electric charge, angular velocity, angular momentum, conformal field theory (CFT)
pressure, CFT volume, and central charge, respectively. The inclusion of both charge and momentum
significantly enriches the regime of phase transitions, leading to a variety of phenomena including first-
order van der Waals-type phase transitions, (de)confinement phase transitions, Davies-type phase
transitions, and second-order superfluid λ-type phase transitions. Notably, the introduction of the CFT
pressure variable allows us to identify phase transitions and critical behavior in the ðQ;Ω; p; CÞ and
ðφ;Ω; p; CÞ ensembles, which had not been previously observed. This study underscores the complexity
and richness of phase transitions in these systems due to the inclusion of both charge and angular
momentum.

DOI: 10.1103/PhysRevD.111.066022

I. INTRODUCTION

Understanding the underlying similarities between the
laws of black hole mechanics and thermodynamics about
half a century back culminated in the formulation of what is
now known as black hole thermodynamics [1–8]. The two
seminal equations of black hole thermodynamics given
by Hawking and Bekenstein established black holes not
merely as astrophysical objects but as thermodynamic
systems characterized by entropy and temperature. These
are as follows:

T ¼ κ

2π
; S ¼ A

4GN
ð1:1Þ

Here κ, A, and GN are surface gravity, horizon area,
and Newton’s universal gravitational constant respectively.
One particular class of black holes that have contributed
immensely to the subsequent development and expan-
sion of conventional black hole thermodynamics is the

asymptotically anti-de-Sitter (AdS) black holes. AdS black
holes, depending on their nature (uncharged, charged,
rotating, hairy) and the ensemble under consideration,
are characterized by a diverse range of rich phase structures
[9–14]. At present, apart from the traditional thermody-
namic methods, several alternative tools like thermody-
namic geometry [15–22] and thermodynamic topology
[23–28] are used to gain useful insights into these phase
structures.
From the traditional black hole thermodynamics, next

comes the extended phase space thermodynamics (EPST).
This concept was first given by Kastor, Ray, Traschen, and
later more insights and development were done by other
researchers. This EPST suggested the introduction of a new
pair of thermodynamic variables, namely the negative
cosmological constant which is linked to the thermody-
namic pressure, treating it as a state variable and its conju-
gate variable, namely the thermodynamic volume [29–32].
The thermodynamic pressure is given as

P ¼ −
Λ

8πGN
; Λ ¼ −

dðd − 1Þ
2L2

ð1:2Þ

where L is given as the AdS curvature radius, GN is the
Newton’s constant, D ¼ dþ 1 denotes the number of bulk
spacetime dimensions and V ¼ −Θ is identified as the
thermodynamic volume in the extended first law of black
holes. But in this formalism, a slightly odd way to introduce
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Abstract We study the thermodynamics of 4D dyonic AdS
black hole in the Kaniadakis statistics framework using the
Restricted Phase Space (RPST) formalism. This framework
provides a non-extensive extension of classical statistical
mechanics, drawing inspiration from relativistic symmetries
and presenting a fresh perspective on black hole thermo-
dynamics. Our study analyzes how including Kaniadakis
entropy modifies the phase transition of the dyonic black
holes. We consider the central charge C and its conjugate
chemical potential μ as the thermodynamic variable along
with others except the pressure and volume. Due to the addi-
tion of the magnetic charge Q̃m , the study of the phase tran-
sition becomes much richer by obtaining a non-equilibrium
phase transition from an unstable small black hole to a stable
large black hole along with the Van der Waals and superfluid
phase transition with an extra unstable branch in the T − S
processes. In the F−T plot, we get an extra Davies type with
an extra branch phase transition. Including the deformation
parameter κ introduces an unstable (ultra-large BH) branch
seen in almost all the plots. Turning off the magnetic charge
flips the direction of the phase transition seen during its pres-
ence. Also, in the plots varying κ match with the plot varying
C which underlines some sort of correspondence in its mean-
ing which is not possible to observe in Gibbs–Boltzmann
statistics. As the entropy models change the homogeneity
is not lost where mass is of the first order and the rest is
zeroth order. The μ − C processes in quite similar across
black hole systems and entropy formulation marking some
kind of universality of this process. Our study shows that
modified entropy, unlike in certain alternative gravity mod-
els, does not give rise to a new thermodynamic universality
class but retains consistency with standard Einstein–Hilbert
black hole behavior.

a e-mail: prabwal@dibru.ac.in (corresponding author)

1 Introduction

The exploration and study of black hole thermodynamics
has performed a pivotal role in bridging classical gravity,
quantum mechanics, and statistical mechanics offering a pro-
found framework for understanding the microscopic nature
of spacetime. This study began with the introduction of
Hawking’s temperature T and Bekenstein–Hawking entropy
given as:

T = h̄κ

2πckB
, S = kBc3A

4h̄G
(1)

where κ is the surface gravity and A is the horizon area
[1–4]. It has led to an active area of research [5–9]. AdS
black holes hold a unique place in this discourse due to their
thermodynamic property as seen by Hawking and Page as
they observed a phase transition between a pure thermal AdS
space and the Schwarzschild AdS black hole [10]. There are
even more ways to study the various phase transitions [11–
16] namely via the thermodynamic geometry [17–27] and
topological studies [28–51].

A revolutionary leap made in the study of black hole
thermodynamics in AdS spacetimes is the Extended Phase
Space Thermodynamics (EPST) formalism by incorporat-
ing the (P, V ) pair as variables where P = −�/8πG. This
approach led to much research particularly focusing on P−V
criticality [52–61] also enabling it to be considered as heat
engines [62,63]. With this, black hole was considered to have
duality with other systems like QCD, CMP, and CFT [64–75].
Visser proposed further advancement in this framework [76],
who was inspired by the AdS/CFT correspondence [77,78]
and introduced a new parameter the central charge C and its
conjugate chemical potential μ as variables replacing the
(P − V ) with CFT-inspired (P − V) where V ∼ Ld−2

0123456789().: V,-vol 123
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Abstract
Using the restricted phase space (RPST) formalism, we perform a comparative study
of 4D dyonic AdS black hole thermodynamics in Gibbs–Boltzmann statistics and
Rényi statistics. In RPST formalism, instead of pressure and volume, one considers
central charge C and chemical potential μ as thermodynamic variables. Inclusion
of the magnetic charge Q̃m gives rise to a richer phase structure of the study of
thermodynamics by adding a non-equilibrium transition from an unstable small black
hole to a stable black hole in the T –S processes and a Hawking–Page and Davies type
phase transition in the F–T and specific heat plots on top of the Van der Waals and
superfluid λ phase transitions. We study an extra mixed ensemble (�̃e, Q̃m) due to the
inclusion of Q̃m where we see Van der Waals phase transition and whose plots change
as the entropy model changes meaning for isovoltage processes we see Hawking–Page
transition in Bekenstein–Hawking entropy and absence of Hawking–Page in Rényi
entropy construct. We observe an interesting phenomenon where changing the Rényi
parameter λ, the T –S process changes the same way as when varying the central charge
C underlining some similarity that is not seen in the Bekenstein Hawking entropy
model. We observe a similarity between the plots when both charges are turned off
relating to the Schwarzschild black hole and the grand-canonical ensemble. One can
observe that as the entropy models are changed, the homogeneity is not lost where
the mass as a function of extensive variables is of order one and the rest zero. We see
a similarity in the μ–C process across the entropy models signally some universality
across entropy models as well as different types of black holes studied before. Finally,
we do not see a new universality class for modified entropy as it is seen in studies done
for alternate gravity models.
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