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Influence of Addition of Various Fillers on Char
Expansion of Fire-Retardant Intumescent
Coatings for Steel Structures

Charu Mehta! ®_ A Aravind Kumar!, Mahesh Kumar Tiwari?, Rakesh Kumar!,
and Mohammad Ahmad Shoeb!

! Fire Research Division, CSIR-Central Building Research Institute, Roorkee, Uttarakhand,
India
charumehta.009@gmail.com
2 Associate Professor, Centre for Excellence Occupational Health, Safety, Fire & Environment
(C-OHSFE), GD Goenka University, Gurgaon, Haryana, India

Abstract. When steel reaches temperatures above 500 °C during accidental fires,
itloses its mechanical strength. Fire safety of steel structures is one of the important
factors to consider when designing construction infrastructure because it can save
human lives and valuable property. An Intumescent coating acts as a protective
layer on the steel structures at high temperatures, as it produces a carbonaceous
char on reaction to fire. The char layer formed acts as insulation during fire acci-
dents, protecting the steel structures physically and thermally. The coating com-
position is formulated to produce an effective carbonaceous char. An Intumescent
coating is made up of fire-retardant additives and fillers combined with a binder
and a solvent. The incorporation of fire-retardant fillers in the coating composition
results in a variety of alterations to the produced char layer, including increased
fire resistance, altered char layer growth rate, and strengthened char structure.
This chapter presents the char expansion results that occur when various fillers
are added to water-based fire-retardant Intumescent coating compositions.

Keywords: Coatings - Intumescence - Char layer - Steel structures - Fillers

1 Introduction

Steel is commonly used in building construction either as the primary structural mate-
rial or as reinforcement for concrete structures. In the case of a fire, unprotected steel
constructions might not have the requisite fire resistance. This is because, in a fire, the
temperature of exposed steel components rises rapidly due to steel’s strong heat con-
ductivity. Abbas Rezaeian studied the behaviour of welded members and connections
in fire-induced steel structures. He discovered that when exposed to temperatures above
400 °C, the strength of steel welds decreased rapidly. At 600 °C and 800 °C, the welds
lost 50% and 8% of their initial ultimate strength, respectively (Rezaeian et al. 2020).
Because the load-bearing capacity of a steel structure is related to its strength, the struc-
ture may eventually be damaged or collapse if its strength is reduced to a critical level
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that cannot handle the loads imposed on it. As a result, steel structures are susceptible
to fire attacks.

According to studies, applying fire-retardant coatings to steel structures’ surfaces can
successfully protect them from high temperatures, keep their temperature below their
critical point, increase the length of time that they resist fire, and effectively lower
fire loss. Fire-retardant coatings on steel structures are classified as intumescent or
non-intumescent based on their fire-prevention method. Intumescent coatings are being
widely used in fire safety procedures as the most effective approach for the reactive fire
protection of building steel. These coatings are well-known for their ability to provide
efficient fire safety measures without compromising the visual appeal or architectural
integrity of steel buildings (Lucherini and Maluk 2019). Intumescent coatings are usu-
ally composed of an acid source (also known as a “catalyst”), a carbonaceous compound
(sometimes known as “carbonific”), ablowing agent (also known as “spumific”), binders,
and additives (Puri and Khanna 2017). In the event of a fire, an acid-releasing catalyst,
such as ammonium polyphosphate (APP), is used to initiate the process. When exposed
to temperatures above 250 °C, the catalyst releases acid that reacts with the carbon
source, like penta-erythritol (PER), to form char. Meanwhile, the spumific agent, such
as melamine (MEL), decomposes to liberate gases, causing foaming. This foam ulti-
mately solidifies to form a barrier against heat transfer (Gu et al. 2007). In the study
conducted by Yew Ming Chian, it was found that flame-retardant additives improved
the fire protection and thermal properties of water-based intumescent coatings on steel
structures. The coating with a 2:1:1 ratio of APP, MEL, and PER demonstrated good
water resistance, adhesion strength, uniform char layer formation, and thermal stability,
making it an effective option for fire protection performance (Kun et al. 2018).

Binders play an important role in the formation of the char structure. It develops the
film and binds all the components together. The polymer binder serves as a shield for the
substrate and the components inside the film. It ensures that the fillers, additives, and resin
are distributed evenly. The type of binder employed determines whether an intumescent
coating is solvent-based or water-based. Solvent-based coatings make use of polymer
binders, which evaporate to form a hard film. During this process, the thinner solvent
evaporates, increasing the molecular mass of the polymer and resulting in the formation
of a three-dimensional molecule. The 3D molecule then solidifies, forming a strong,
chemically resistant protection. However, one significant disadvantage of solvent-based
coatings is their toxicity. This is due to the existence of volatile organic compounds
(VOCs), which evaporate quickly and have the potential to harm individuals and the
environment. Water-based coatings, on the other hand, distribute the resin by using water
as a solvent. These coatings are resilient to heat and abrasion, have strong adhesion, and
are low in toxicity. In contrast to solvent-based coatings, they have a longer drying time
and a worse resistance to hydrolysis. Although water-based coatings are easier to use and
less harmful to the environment than solvent-based coatings, they are not as weather-
resistant. Solvent-based coatings work best outside, whereas water-based coatings are
generally more appropriate for indoor use.
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1.1 Effect of Various Fillers on Fire Retardant Intumescent Coatings

The use of fire-retardant fillers in intumescent coating greatly improves its ability to
protect against fire. By adding these fillers, we can significantly reduce the flammability
and burning of the polymer in the coating. Additionally, the filler has an impact on the
polymer’s melt rheology, which can affect the way it drips. The effect of expandable
graphite (EG) on the fire protection properties of epoxy-based intumescent fire-retardant
coating for steel buildings was investigated by Sami Ullah. The results indicated that
the formulation containing 9.8% EG exhibited the highest residual mass and largest
char expansion among the formulations (Ullah et al. 2021). M.C. Yew researched the
effects of different combinations and individual flame-retardant fillers on the mechani-
cal and fire-retardant properties of coatings. The findings of the study showed that the
choice of suitable filler combinations had a significant impact on the coatings’ chem-
ical and physical properties (Yew et al. 2015). Ying Zeng investigated the effects of
five ingredients on the fire-resistance properties of epoxy-based intumescent coatings:
ammonium polyphosphate, melamine, TiO,, CaCO3, and vitreous silicate fiber. She
found that increasing the amount of any one of the three fillers reduced the expansion
of the coatings while enhancing the mechanical stability of the char (Zeng et al. 2020).
Using various filler combinations, Mohammadreza Nasirzadeh developed an intumes-
cent coating, and several test techniques were used to evaluate its characteristics. When
vermiculite, celite, and ATH were evaluated, the findings indicated that the intumescent
paint containing 3% vermiculite performed better (Nasirzadeh et al. 2023).

2 Materials and Methods

2.1 Sample Preparation

The intumescent coatings (W1-W10) with varying compositions in weight% %, as
indicated in Table 1, were developed by using an acid source, a carbon source, a blowing
agent, and a fire-retardant filler (water-based polyvinyl acetate) as well as fire-retardant
additives. Before the testing, a mixture consisting of water-based binder, fillers, and
additives was put on the steel sheet and allowed to dry for a full day. The difference in
the coatings was due to the addition of various fillers. As shown in Table 1, specimen W1
did not contain any filler, and different fillers—TiO,, CaCOs3, sodium silicate, calcium
silicate, Mg (OH),, silica gel, aluminum hydroxide, gypsum, and expandable graphite
were added to W2 to W10, respectively.

2.1.1 Preliminary Test

In the initial testing phase, the thickness of the char layer was measured to determine
the effectiveness of the coating samples in protecting against fire. Sheets with a coating
thickness of approximately 1 mm were coated with the different formulations and sub-
jected to a preliminary test using a non-luminous premixed flame gas torch with a flame
temperature of almost 1000 °C, as depicted in Fig. 1. The compositions were specifically
designed to achieve a thicker and stronger char layer to protect the underlying steel sheet.
The thickness of the char layer was quantified using a metric scale.
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Table 1. Coating formulations (weight%)

W1l |[wW2 |[W3 |[W4 |[W5 W6 |W7 W8 |[W9 'WI0
Acid source 23.70{23.70 | 23.70 | 23.70 | 23.70 | 23.70 | 23.70 | 23.70 | 23.70 | 23.70
Carbon source 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81
Blowing agent 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81 | 14.81
Binder 1.1 111 (1111 11 | 111 1t 111 1111 111 | 11011
Solvent 29.63{29.63 | 29.63 | 29.63 | 29.63 | 29.63 | 29.63 | 29.63 | 29.63 | 29.63
TiOy - 593 | - - - - - - - -
CaCOs3 - - 593 | - - - - - - -
Sodium-meta-Silicate | — - - 593 | - - - - - -
Calcium silicate - - - - 593 - - - - -
Mg (OH), - - - - - 593| - - - -
Silica gel - - - - - - 593 - - -
Al (OH)3 - - - - - - - 593 | - -
Gypsum - - - - - - - - 593 | -
Expandable graphite | — - - - - - - - - 5.93

Fig. 1. a Gas torch preliminary test, b GI sheet showing samples for preliminary test, ¢ flame

temperature- 927.2 °C

3 Results

3.1 Appearance and Expansion of Intumescent Coatings

The char expansion was observed after the preliminary test, and the effect of the addition
of various fillers on char expansion and char structure was compared in the various
specimens of intumescent coatings in Table 2. Also, Table 2 shows the average coating
thickness of the specimens. As shown in the table, a char thickness of 20 mm was found
when no filler was added to the composition, i.e., specimen W 1.
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Table 2. Coating thickness, char thickness, and the char structure of various specimens.

Coating thickness

Char thickness

Char structure

w2

W3

W4

W5

(continued)
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Table 2. (continued)

W7

W8

W9

W10

The filler TiO, was added to specimen W2, which increased the char thickness
to 25 mm and improved the char structure. TiO, adds porosity and expands the vol-
ume, leading to improved flame retardancy, insulation, and height expansion. TiO;
can improve the foam structure of char residue, increase the weight of coating residues,
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and improve the anti-oxidation characteristics of char layers. These effects lead to a
lower flame-spread rate, as explained by Mohd Sabee (2022).

On addition of CaCOs3 as filler in specimen W3, char thickness was found to be
20 mm, like W1, which showed that there was no increase in char layer due to the
addition of CaCO3 as filler. There was an improvement in the char structure as it was
observed to show more strength as compared to W1. This was following the results of
the study done by K. Md Nasir in which the intumescent system was improved by the
addition of various fillers (TiO,, aluminum tri-hydroxide, magnesium hydroxide, and
calcium carbonate) (Nasir 2018).

Alkali silicates as fillers were added to specimens W4 and W5, which contributed
to an increase in char thickness to 25 mm and 28 mm, respectively. K. Md Nasir’s study
developed an inorganic flame-retardant coating by using sodium silicate as a ceramizable
binder and meta-kaolin (9:1) with additional ingredients. The coating resulted in the
formation of a protective carbon char on top of silicon dioxide networks that provided
fire resistance at high temperatures (Chen 2021). Hence, alkali silicates prove to increase
intumescence potential as they can self-intumescence at lower temperatures, which is
associated with the release of HoO (Ahmadi et al. 2024).

Hydroxides (magnesium hydroxide and aluminum tri-hydroxide) as fillers were
added as fillers to specimens W6 and W8, which are non-toxic and environmentally
friendly chemicals that are effective in reducing smoke, absorbing toxic fumes, and
showing flame retardant behavior by releasing water vapors in their dehydration pro-
cess. The water vapors released during their decomposition can absorb toxic fumes,
cool the surface, and form a protective layer of MgO and Al,O3 (Scionti et al. 2023).
As seen from Table 2, Mg (OH); in W6 did not contribute to char expansion (char
thickness-10 mm), but its degradation helps absorb smoke and toxic fumes. Al (OH)3
in W8 contributed to char expansion (char thickness-30 mm) and is an environmentally
friendly filler, which reduced smoke on its decomposition.

Adding silica as filler in specimen W7 increased the char thickness to 30 mm. The
char foam was found to be hard, and a uniform char layer was formed. Also, good
char adhesion with the substrate was observed in the specimen. Hence, silica as filler
contributes to providing resistance to fire by forming a hard and thick char layer. In
a study by Ming Chian Yew, silica fumes were used as a binder to synthesize a fire-
retardant intumescent coating, and the study revealed that adding silica fumes increased
the residual weight, dense structure, and thermal stability of coatings (Yew and Sulong
2012).

Gypsum, as a fire-retardant filler, was added to specimen W9, which showed an
increase in char expansion to 30 mm. Gypsum-calcium sulphate di-hydrate has shown
promising effects on the morphology of char formed by fire-retardant intumescent coat-
ings. Gypsum occurs naturally in the form of crystals containing two water molecules
within the crystal structure. When gypsum is heated, water molecules are gradually
released, lowering the polymer matrix’s temperature. As a result, the formed calcium
sulphate settles onto the surface and forms a protective layer that acts as a fire-resistant
barrier against the transfer of heat (Bhoite et al. 2022).

W10 was found to increase the char thickness to 30 mm due to the addition of
expandable graphite as filler. Expandable graphite acts as a fire-retardant filler as graphite
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expands on heating to form an intumescent layer on the surface, which can slow the flame
spread. It acts both as a carbonific agent and as a spumific agent in the intumescence
mechanism. On heating, its structure forms porous voids, allowing cooling by flow of
air, which can increase the time of ignition (Sabee 2022).

4 Conclusion

Various fillers contribute to char expansion in intumescent coatings, as shown in Fig. 2.
A char expansion of 20 mm was found in specimen W1, and a thick char of a maximum
of 30 mm was achieved on the addition of various fillers. Hence, it can be concluded that
various fillers contribute to char expansion, absorb smoke, and improve char structure.
The residue left behind after the filler breaks down could play a crucial role in creating a
thermal barrier that prevents heat transfer from the external heat source to the underlying
substrate. This makes it a highly significant aspect to consider in terms of providing
insulation.

35

30
0 I I

Titanium  Calcium Sodium Calcium  Mg(OH)2 Silicagel AI(OH)3  Gypsum Expandable
dioxide carbonate silicate silicate graphite
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(€]

B Char thickness

Fig. 2. Char expansion on the addition of various fillers
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Abstract. A major issue on a global scale is the spread of wildfires. Things will
only become worse in the future. Climate change and human activity are the main
contributing factors. Forest fires are a serious threat to human life, local flora and
fauna and property. The release of harmful gases into the atmosphere, during any
wildfire degrades the quality of air. The quick control over forest fires requires the
deployment of resources such as firefighting system at appropriate locations. Forest
fires may be mapped based on their intensities or risk levels. The risk assessment
helps estimate the likelihood of forest fire, its intensity, and effects. Autonomous
unmanned aerial vehicles (UAVs), watchtowers, sensors, and base stations must
be strategically located to ensure optimal visibility. The conventional methods of
forest fire risk assessment face certain challenges as the behaviour of forest fires
are nonlinear and complex. Modern techniques such as machine learning (ML)
algorithms or models such as random forests, support vector machines, etc., may
be used to overcome the challenges faced. The accuracy of these algorithms may
be increased through their combinations or integrations with other ML algorithms
to give hybrid and ensemble models. The data sets required for risk assessment
may be obtained through Geographic information system (GIS) or aerial moni-
toring. Meteorology and topography are important factors in the risk assessment
of forest fires. For information to be accurate, dependable, and timely, satellite
observation is essential. Present author reviews the literature and presents a case
study on prediction of forest fire risk for the region ‘Dhanaulti Reserved Forest’,
Uttarakhand, India. The case study highlights the use of Microsoft Excel® in the
analysis of weather data.

Keywords: Forest fires - Risk assessment - Management - Machine learning -
Remote sensing - Satellite data - Geographic information system

1 Introduction

Globally, 1.3% of all forests are destroyed by the 200,000+ forest fires that occur each
year [1]. A huge area of forest is affected by fires every year [2, 3]. The main reason
behind the destruction of forests in India is a forest fire. It affects the structure of the
ecosystem in the forest [4, 5]. In most cases, the nature of forest fire is found to be a
ground fire. The fuel for such fire is a bioresidue, that is a dry fallen leaf of a tree. In
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India, particularly Uttarakhand state, forest fires occur during summers [6]. The major
bioresidue responsible for such forest fires in the Himalayan region is pine needles. These
fall from Chir pine trees [7]which are largely found in the Indian state of Uttarakhand [8,
9]. In addition, they are found in other Himalayan states of India [10]. These give rise to
forest fires on account of human activity [7, 11]. In the Himalayan region, Chir pine is
found at a height of 450 to 1800 m above sea level (masl). Sometimes it is found at a height
up to 2300 masl. However, in eastern part of India, it is found at a height of 1000 masl [9,
10, 12]. A thick layer of pine needles gets formed on the floor of forest every year. This
layer is highly inflammable [13]. Thus, huge amount of bioresidue gets collected on the
forest surface [14], increasing the risk of forest fires. The main fire behaviour feature
that represents the impact of a forest fire on connected resources during its spread is
fire intensity. The moisture level of the fuel has a major impact on the characteristics
of ignition and fire spread [15]. It is crucial to comprehend the origins, probability, and
location of forest fires. Forest fires are primarily caused by factors related to topography
and climate [16]. A reference foundation for managing forest fires can be established by
estimating the likelihood of forest fires and creating risk maps for them. It is possible
to build surveillance or monitoring systems in forest regions with a higher fire risk by
mapping the likelihood of wildfires and potential fire dangers [17]. Numerous data types,
such as hotspot, meteorological, vegetation, topographic and social and human data, are
helpful in determining the variables influencing forest fires [18].

The fire management community and the organizations that support them can benefit
greatly from the expansion of or development of tools [19].

Present article reviews the literature in assessment and management of forest fire risk.
Moreover, the use of Microsoft Excel® in the statistical analysis of weather data from
forest fire risk viewpoint, also presented and the results confirmed with press reports.

2 Literature Review

2.1 Prediction of Forest Fires

Risk of forest fires is the possibility of a fire occurring and the effects that could result
from it [20]. A crucial component of the assessment of forest fire danger is the zoning
map that indicates the risk level. Based on the likelihood of a forest fire occurring at a
given threshold, it offers a useful resource allocation map for managing the danger of
forest fires. To prevent and control forest fires, it is necessary to map the risk level zones
[21, 22]. The water content of fuel and probability of forest fires is very much dependent
on meteorology. Topographical variations can affect heat, water, and wind transport
between locations [16]. Terrestrial systems have limited coverage but great accuracy and
fast response times, according to the latest review studies. Ground sensors and aerial and
satellite-based systems are alternatives to single-point sensor technology. These systems
offer better coverage and have proven to be highly accurate and responsive. While early
fire detection is possible with both terrestrial and aerial systems, tiny fires can be spotted
in two to four hours after being observed by satellite-based imaging sensors like moderate
resolution imaging spectroradiometer (MODIS) [4, 17].

Autonomous unmanned aerial vehicles (UAVs) have been used recently for early
detection and fighting. It is possible due to the use of ML techniques [23]. Presently,
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models for predicting the risk of forest fires have advanced from statistical analysis
models to more intricate models as shown in Table 1. The weight of evidence, logistic
regression, multiple linear regression, Poisson regression, and analytical hierarchy are
examples of basic statistical and empirical techniques [24—27] that don’t always produce
satisfying outcomes due to complex and nonlinear nature of forest fires [28, 30]. The
limitations of conventional techniques may be overcome by applying modern techniques.
Examples are multilayer perceptron neural networks (MLP), random forests (RFs), and
adaptive neuro-fuzzy inference systems (ANFISs), artificial neural networks (ANNs),
support vector machines (SVMs) [29-32]. Tang and Fang [18] studied various models
such as SVMs, REF, etc. and found RF model to be the best model with 91.96% precision
and 91.68% accuracy. Furthermore, researchers have focused on hybrid and ensemble
models as shown in Table 2, to achieve greater prediction accuracy [18].

Table 1. Conventional and modern techniques of forest fire prediction

Conventional (statistical and empirical) Modern (machine learning)

Analytic hierarchy [33] Random forests (RFs) [34]

Weight of evidence[25] Support vector machines (SVMs)[35]

Multiple linear regression [26] Multilayer perception neural networks
(MLPNN)[24]

Poisson regression [27] Artificial neural networks (ANNs) [36]

Logistic regression [37] Adaptive neuro-fuzzy inference systems
(ANFISs)[38]
Hybrid and ensemble models [28, 39]

Table 2. Hybrid and ensemble models

Year | Author Hybrid model | Improvement in prediction accuracy Reference
2017 | Buiet al NF & PSO Outperformed SVM & RF [28]
2020 | Jafari et al ANFIS & GA | From 77.6 (ANFIS) to 88.1% (ANFIS & | [40]

GA)

ANFIS & FA | From 77.6 (ANFIS) to 90.8% (FA)
2023 | Moayedi et al | ANN & ACO | From 81.3 (ANN) to 84% (ANN & ACO) | [39]

ANN & BBO | From 81.3 (ANN) to 83.9% (ANN &
BBO)

2.2 Data Sets for Risk Assessment

Geographic Information System (GIS) technology helps generate different datasets [41,
42]. Raster datasets with information on fuel, slope, aspect, elevation, canopy cover,
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and fuel are also required to model the behaviour of fires. The canopy must also be
characterized by stand-scale characteristics such base height, stand height, and crown
bulk density [43].

Important additional elements include fuel moisture and meteorological data, as well
as an ignition forecast raster. Certain types of information, such geography, and mete-
orological conditions, are readily available in public databases. Others, like fuels and
canopy structure, however, necessitate the use of more sophisticated techniques, includ-
ing statistical tools, remote sensing, spatial data processing, and ground observations
from forest records, in order to produce highly accurate results [43].

Topography is described by height, slope, and aspect datasets. Elevation controls the
adiabatic changes in temperature and humidity. In addition to aspect, the slope dataset is
needed to convert spread velocities and directions, modify fuel moisture, and determine
the direct effects on fire spread [17].

2.3 Mitigation of Forest Fires

Fighting fires requires the deployment of both people and material resources, which is
one of the numerous rescue duties given to firemen. In direct firefighting, one of the most
crucial pieces of equipment is the Forest Fire Fighting Vehicle (FFFV) [44]. Helicopters
are used as the first line of defence against forest fires, particularly in remote places.
Heliport placements are crucial in huge forest areas since helicopters are required to get
to fire zones quickly. This may result in more precise forecasts and improved heliport
allocation decision-making. Additionally, since nearby facilities can have a substantial
impact on fire risk and control, enlarging the observation area can offer a more thorough
understanding of the issue [45].

3 Case Study

A case study on analysis of weather data is presented here. Data analysis tool of Microsoft
Excel is used to conduct analysis of variance (ANOVA). The case study predicts the risk
of forest fire at Dhanaulti-Reserved Forest area of Uttarakhand, India. It studies the
weather during the months of February and June 2023. Also, it studies the weather
during first and second half of February 2023, from forest fires probability viewpoint.

3.1 Data

The data for case study was obtained from an internet source, www.timeanddate.com as
presented in Figs. 1 and 2 and Table 3. The data was collected for two months, February
2023 and June 2023. The parameters considered were maximum temperature, wind
speed and %humidity.
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Weather conditions in February 2023
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Fig. 1. Day wise variation of temperature, wind speed and humidity during February 2023 at
Dhanaulti Reserved Forest, Uttarakhand, India [46].
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Fig. 2. Day wise variations of temperature, wind speed and humidity during June 2023 at
Dhanaulti Reserved Forest, Uttarakhand [46].
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Table 3. Weather data for of February 2023 [46]

15

Half Day Max Temp °C Wind speed, km/h Humidity %

First 1 25 4 45
2 25 2 46
3 22 4 60
4 24 4 55
5 23 4 58
6 22 4 58
7 24 4 48
8 24 4 43
9 26 4 40
10 25 4 46
11 25 4 56
12 21 6 30
13 23 4 38
14 23 4 49

Second 15 24 7 56
16 26 4 42
17 27 2 45
18 27 2 46
19 27 4 50
20 28 2 45
21 29 4 47
22 26 4 39
23 28 4 40
24 27 2 42
25 27 6 37
26 27 4 44
27 28 4 42
28 26 7 36

3.2 Data Analysis

A ‘Two-factor ANOVA with replication tool” of Microsoft Excel was used to analyse the
data. An alpha value (level of significance) of 0.05 was used for the analysis as shown

in Table 4.
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3.3 Results and Discussion

As shown in Table 3, the average maximum temperature during first half of February
was 23.71 °C, while it was 26.93 °C during second half. Thus, the average temperature
was higher by 3.22 °C during second half of February. An average % humidity during
first half was 48, while it was 43.64 during second half. Thus, % humidity was lower
by 4.36 during second half of February. The average wind speed in first and second half
was same i.e. 4 km/h. High temperature and low humidity favour wildfires. Hence, the
risk of forest fires is more in second half of February than that in first half. Additionally,
as per Table 5, the interaction between first and second half of February indicate that,
there exists a significant difference between the two. That is the weather conditions in
the second half are significantly different than those in the first half, indicating the more
probability of catching forest fires after mid-February. This inference from case study
gets confirmed by the press releases on forest fires [47]. There were around 1,156 forest
fire reports from India between February 13 and February 20, 2023 [48].

The average maximum temperature and average %humidity, recorded in February,
were 25.3 °C and 45.8 °C, respectively. While the average maximum temperature and
%humidity, recorded in June were 35.7 °C and 35.9 respectively (Figs. 1 and 2). Thus,
the probability of catching forest fires is more in June than that in February. The average
wind speed although nearly same during both the months, plays a vital role in creating
friction between the branches of the trees. The temperatures keep increasing constantly
from February till June. Thus, the probability of wildfire incidents is extremely high
in June. The total number of incidents reported in Uttarakhand in 2023 till 7 March
2023 was 67 with corresponding affected area of 107.25 hectares [49]. However, more
than 171 incidents of forest fires were reported only during 6 days’ time of June 2023
i.e. 8 June 2023 to 13 June 2023, with a corresponding affected area of 98 hectares,
in Uttarakhand, India [50]. Thus, the inference regarding the probability of forest fire
incidents, drawn based on temperature and % humidity data, has been confirmed by the
press reports on forest fires as mentioned above.

Table 4. ANOVA: Two-factor with replication for data in Table 3

Summary Max Temp, °C Wind speed, km/h Humidity, % Total
First half

Count 14 14 14 42
Sum 332 56 672 1060
Average 23.71 4 48 25.24
Variance 2.06 0.61 76 356.67
Second half

Count 14 14 14 42
Sum 377 56 611 1044
Average 26.93 4 43.64 24.86
Variance 1.46 292 27.63 280.66

(continued)
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Table 4. (continued)

Summary Max Temp, °C Wind speed, km/h Humidity, % Total
Total

Count 28 28 28

Sum 709 112 1283

Average 25.32 4 45.82

Variance 4.37 1.7 54.82

* Level of significance is 0.05

Table 5. Results of ANOVA for the data in Table 3

ANOVA

Source of Variation SS df MS F P-value Fcrit
Sample 3.05 1 3.05 0.16 0.68 3.96
Columns 24489.59 2 12244.8 663.72 0 3.11
Interaction 202.17 2 101.08 5.48 0.01 3.11
Within 1439 78 18.45

Total 26133.81 83

4 Current Status and Future Prospects

The advances in data analytics and technology has improved the knowledge of the
variables that contribute to wildfire incidents. With the use of machine learning, remote
sensing, and GIS, scientists are now able to analyse and anticipate fire behaviour more
accurately. Furthermore, incorporating climate change estimates into these models offers
a more thorough evaluation of the risks associated with future fires. With an app, one can
now send timely alerts concerning forest fires. The Indian Institute of Remote Sensing
(ITRS) and the Uttarakhand Forest Department collaborated to produce this app.

In partnership with the Nepal Department of Forests, International Centre for Inte-
grated Mountain Development (ICIMOD) assisted in the design of a system that employs
satellite data to track and evaluate the extent of forest fire damage. The system then auto-
matically sends emails and SMS messages to district forest officers and rangers, enabling
them to better monitor the spread and direction of fires and notify local populations when
an evacuation may be necessary. The data produced by the system is also being used by
the Nepal Department of Forests to examine trends in forest fire behaviour and enhance
readiness for upcoming fire seasons. The impacts of forest fires in the sensitive areas
need to be understood. Based on remote sensing data, the testing and validation of risk
maps is possible.
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Conclusion

Even while data analytics and technological developments have made it easier to antici-
pate and comprehend fire behaviour, more interdisciplinary cooperation and the improve-
ment of prediction models are still desperately needed. Developing comprehensive man-
agement plans requires integrating socio-economic aspects and climate change estimates
into risk assessments. Going forward, it will be critical to give priority to preventive
measures like planned burns, community involvement, and land-use planning to lessen
the destructive effects of forest fires on ecosystems and human populations. Innovative
machine learning techniques such as hybrid and ensemble models may be adopted to
predict the risk of forest fires. Preliminary analysis of weather data using Microsoft
Excel can be helpful in the assessment of risk.

Nomenclature

NF

Neuro-fuzzy inference system

PSO Particle swarm optimization

ACO  Ant colony optimization

ANFISs Adaptive neuro-fuzzy inference systems
ANOVA Analysis of variance

FA

GA

Firefly algorithms
Genetic algorithm

BBO Biogeography-based optimization

References

. He, F, Ge, Q., Dai, J., Rao, Y.: Forest change of China in recent 300 years. J. Geogr. Sci. 18,

59-72 (2008). https://doi.org/10.1007/511442-008-0059-8

Hussain, A., Negi, A.K., Todaria, N.P.: History of forest fire around Globe, India and
Uttarakhand—a brief scenario. J. Agric. Technol. 5, 7-14 (2018)

Casal-Guisande, M., Bouza-Rodriguez, J.-B., Cerqueiro-Pequefio, J., Comesaiia-Campos,
A.: Design and conceptual development of a novel hybrid intelligent decision support system
applied towards the prevention and early detection of forest fires. Forests 14, 172 (2023)
Barmpoutis, P., Papaioannou, P., Dimitropoulos, K., Grammalidis, N.: A review on early
forest fire detection systems using optical remote sensing. Sensors 20, 6442 (2020)

Ahmad, L., Saran, S.: Anthropogenic evidences as precursors to forest fire trigger in Western
Himalayan Region. Environ. Dev. Sustain. 26, 16827-16846 (2024). https://doi.org/10.1007/
s10668-023-03312-y

Singh, R.D., Gumber, S., Sundriyal, R.C., et al.: Chir pine forest and pre-monsoon drought
determine spatial, and temporal patterns of forest fires in Uttarakhand Himalaya. Trop. Ecol.
65, 32-42 (2024). https://doi.org/10.1007/s42965-023-00306-9

Sannigrahi, S., Pilla, F., Basu, B., et al.: Examining the effects of forest fire on terrestrial
carbon emission and ecosystem production in India using remote sensing approaches. Sci.
Total. Environ. 725, 138331 (2020). https://doi.org/10.1016/j.scitotenv.2020.138331

Forest Survey of India, Ministry of Environment Forest and Climate Change,
Dehradun, Uttarakhand, India(2019). https:/fsi.nic.in/forest-report-2019?pgID=forest-rep
ort-2019. Accessed 8 May 2022


https://doi.org/10.1007/s11442-008-0059-8
https://doi.org/10.1007/s10668-023-03312-y
https://doi.org/10.1007/s10668-023-03312-y
https://doi.org/10.1007/s42965-023-00306-9
https://doi.org/10.1016/j.scitotenv.2020.138331
https://fsi.nic.in/forest-report-2019%3FpgID%3Dforest-report-2019
https://fsi.nic.in/forest-report-2019%3FpgID%3Dforest-report-2019

10.

11.

12.
13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

Assessment and Management of Risk on Account of Forest Fires 19

. Singh, J.S., Singh, S.P.: Forests of the Himalaya, Structure Functioning and Impact of Man

(1992). Gyanodaya Prakashan, Nainital

Fulé, P.Z., Garkoti, S.C., Semwal, R.L.: Frequent burning in chir pine forests, Uttarakhand,
India. Fire Ecol. 17, 20 (2021). https://doi.org/10.1186/s42408-021-00106-3

Singh, R.D., Gumber, S., Pankaj, T., Singh, S.P.: Nature of forest fires in Uttarakhand: fre-
quency , size and seasonal patterns in relation to pre-monsoonal environment. Curr. Sci. 111,
398-403 (2016). https://doi.org/10.18520/cs/v111/i2/398-4031

Troup, R.: The Silviculture of Indian Trees, vol. I-III. Clarendon Press, Oxford (1921)
Joshi, K., Sharma, V., Mittal, S.: Social entrepreneurship through forest bioresidue briquetting:
An approach to mitigate forest fires in Pine areas of Western. Renew. Sustain. Energy Rev.
51, 1338-1344 (2015). https://doi.org/10.1016/j.rser.2015.07.057

Uttarakhand Forest Department Order, Pine Needles for Biobriquetting, PCCF Letter no
1323/24-1(8) dated 18-02-2010 (2010)

Matthews, S., Sullivan, A.L., Watson, P., Williams, R.J.: Climate change, fuel and fire
behaviour in a eucalypt forest. Glob. Chang. Biol. 18, 3212-3223 (2012). https://doi.org/
10.1111/5.1365-2486.2012.02768.x

Wu, Z., Li, M., Wang, B., et al.: Using artificial intelligence to estimate the probability of
forest fires in heilongjiang, Northeast China. Remote Sens 13, 1813 (2021). https://doi.org/
10.3390/rs13091813

Barmpoutis, P., Kastridis, A., Stathaki, T., et al.: Suburban forest fire risk assessment and forest
surveillance using 360-degree cameras and a multiscale deformable transformer. Remote Sens
15, 1995 (2023). https://doi.org/10.3390/rs15081995

Tan, C., Feng, Z.: Mapping Forest Fire Risk Zones Using Machine Learning Algorithms in
Hunan Province, China. Sustainability 15, 6292 (2023). https://doi.org/10.3390/su15076292

. Dunn, C.J., Thompson, M.P,, Calkin, D.E.: A framework for developing safe and effective

large-fire response in a new fire management paradigm. For. Ecol. Manage. 404, 184-196
(2017). https://doi.org/10.1016/j.foreco.2017.08.039

Milanovi¢, S., Milanovi¢, S.D., Markovi¢, N., et al.: Forest fire probability mapping in Eastern
Serbia: logistic regression versus random forest method. Forests 12, 5 (2021). https://doi.org/
10.3390/£12010005

Naderpour, M., Rizeei, H.M., Khakzad, N., Pradhan, B.: Forest fire induced Natech risk
assessment: a survey of geospatial technologies. Reliab. Eng. Syst. Saf. 191, 106558 (2019).
https://doi.org/10.1016/j.ress.2019.106558

Mohajane, M., Costache, R., Karimi, F, et al.: Application of remote sensing and machine
learning algorithms for forest fire mapping in a Mediterranean area. Ecol. Indic. 129, 107869
(2021). https://doi.org/10.1016/j.ecolind.2021.107869

Bouguettaya, A., Zarzour, H., Taberkit, A.M., Kechida, A.: A review on early wildfire detec-
tion from unmanned aerial vehicles using deep learning-based computer vision algorithms.
Signal Process. 190, 108309 (2022). https://doi.org/10.1016/j.sigpro.2021.108309

Ngoc Thach, N., Bao-Toan Ngo, D., Xuan-Canh, P., et al.: Spatial pattern assessment of
tropical forest fire danger at Thuan Chau area (Vietnam) using GIS-based advanced machine
learning algorithms: a comparative study. Ecol. Inform. 46, 74-85 (2018). https://doi.org/10.
1016/j.ecoinf.2018.05.009

Amatulli, G., Peréz-Cabello, F., de la Riva, J.: Mapping lightning/human-caused wildfires
occurrence under ignition point location uncertainty. Ecol. Modell. 200, 321-333 (2007).
https://doi.org/10.1016/j.ecolmodel.2006.08.001

Oliveira, S., Oehler, F., San-Miguel-Ayanz, J., et al.: Modeling spatial patterns of fire occur-
rence in Mediterranean Europe using multiple regression and random forest. For. Ecol.
Manage. 275, 117-129 (2012). https://doi.org/10.1016/j.foreco.2012.03.003


https://doi.org/10.1186/s42408-021-00106-3
https://doi.org/10.18520/cs/v111/i2/398-403l
https://doi.org/10.1016/j.rser.2015.07.057
https://doi.org/10.1111/j.1365-2486.2012.02768.x
https://doi.org/10.1111/j.1365-2486.2012.02768.x
https://doi.org/10.3390/rs13091813
https://doi.org/10.3390/rs13091813
https://doi.org/10.3390/rs15081995
https://doi.org/10.3390/su15076292
https://doi.org/10.1016/j.foreco.2017.08.039
https://doi.org/10.3390/f12010005
https://doi.org/10.3390/f12010005
https://doi.org/10.1016/j.ress.2019.106558
https://doi.org/10.1016/j.ecolind.2021.107869
https://doi.org/10.1016/j.sigpro.2021.108309
https://doi.org/10.1016/j.ecoinf.2018.05.009
https://doi.org/10.1016/j.ecoinf.2018.05.009
https://doi.org/10.1016/j.ecolmodel.2006.08.001
https://doi.org/10.1016/j.foreco.2012.03.003

20

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

N. R. Yeole

Wotton, B.M., Martell, D.L., Logan, K.A.: Climate change and people-caused forest fire
occurrence in Ontario. Clim. Change 60, 275-295 (2003). https://doi.org/10.1023/A:102607
5919710

Tien Bui, D., Bui, Q.-T., Nguyen, Q.-P., et al.: A hybrid artificial intelligence approach using
GIS-based neural-fuzzy inference system and particle swarm optimization for forest fire
susceptibility modeling at a tropical area. Agric. For. Meteorol. 233:32-44 (2017). https://
doi.org/10.1016/j.agrformet.2016.11.002

Ma, W., Feng, Z., Cheng, Z., et al.: Identifying forest fire driving factors and related impacts
in china using random forest algorithm. Forests 11, 507 (2020). https://doi.org/10.3390/f11
050507

Hong, H., Tsangaratos, P, Ilia, 1., et al.: Applying genetic algorithms to set the optimal
combination of forest fire related variables and model forest fire susceptibility based on data
mining models. The case of Dayu County, China. Sci. Total Environ. 630, 1044-1056(2018).
https://doi.org/10.1016/j.scitotenv.2018.02.278

Satir, O., Berberoglu, S., Donmez, C.: Mapping regional forest fire probability using artificial
neural network model in a Mediterranean forest ecosystem. Geomatics, Nat Hazards Risk 7,
1645-1658 (2016). https://doi.org/10.1080/19475705.2015.1084541

Razavi-Termeh, S.V., Sadeghi-Niaraki, A., Choi, S.-M.: Ubiquitous GIS-Based forest fire
susceptibility mapping using artificial intelligence methods. Remote Sens. 12, 1689 (2020).
https://doi.org/10.3390/rs12101689

Akay, A.E., Sahin, H.: Forest fire risk mapping by using GIS techniques and AHP method: a
case study in Bodrum (Turkey). Eur. J. For. Eng. 5, 25-35 (2019). https://doi.org/10.33904/
ejfe.579075

Ma, W., Feng, Z.K., Cheng, Z.X., Wang, F.G.: Study on driving factors and distribution pattern
of forest fires in Shanxi province. J. Cent. South Univ. For. Technol. 40, 57-69 (2020)

Li, Y., Feng, Z., Chen, S., et al.: Application of the artificial neural network and support vector
machines in forest fire prediction in the Guangxi autonomous region. China. Discret. Dyn.
Nat. Soc. 2020, 5612650 (2020). https://doi.org/10.1155/2020/5612650

Bisquert, M., Caselles, E., Sdnchez, J.M., Caselles, V.: Application of artificial neural networks
and logistic regression to the prediction of forest fire danger in Galicia using MODIS data.
Int. J. Wildl. Fire 21, 1025-1029 (2012)

Pan, J., Wang, W., Li, J.: Building probabilistic models of fire occurrence and fire risk zoning
using logistic regression in Shanxi Province, China. Nat. Hazards 81, 1879-1899 (2016).
https://doi.org/10.1007/s11069-016-2160-0

Mabdeh, A.N., Al-Fugara, A., Khedher, K.M., et al.: Forest fire susceptibility assessment and
mapping using support vector regression and adaptive neuro-fuzzy inference system-based
evolutionary algorithms. Sustainability 14, 9446 (2022). https://doi.org/10.3390/su14159446
Moayedi, H., Khasmakhi, M.A.S.A.: Wildfire susceptibility mapping using two empowered
machine learning algorithms. Stoch. Environ. Res. Risk Assess 37, 49—72 (2023). https://doi.
org/10.1007/s00477-022-02273-4

Jaafari, A., Razavi Termeh, S.V., Bui, D.T.: Genetic and firefly metaheuristic algorithms for
an optimized neuro-fuzzy prediction modeling of wildfire probability. J. Environ. Manage.
243, 358-369 (2019). https://doi.org/10.1016/j.jenvman.2019.04.117

Barmpoutis, P., Stathaki, T., Kamperidou, V.: Monitoring of trees’ health condition using a
UAV equipped with low-cost digital camera. In: ICASSP 2019—2019 IEEE International
Conference on Acoustics, Speech and Signal Processing (ICASSP), pp. 8291-8295 (2019).
https://doi.org/10.1109/ICASSP.2019.8683128

Nuthammachot, N., Stratoulias, D.: Multi-criteria decision analysis for forest fire risk
assessment by coupling AHP and GIS: method and case study. Environ. Dev. Sustain. 23,
17443-17458 (2021). https://doi.org/10.1007/s10668-021-01394-0


https://doi.org/10.1023/A:1026075919710
https://doi.org/10.1023/A:1026075919710
https://doi.org/10.1016/j.agrformet.2016.11.002
https://doi.org/10.1016/j.agrformet.2016.11.002
https://doi.org/10.3390/f11050507
https://doi.org/10.3390/f11050507
https://doi.org/10.1016/j.scitotenv.2018.02.278
https://doi.org/10.1080/19475705.2015.1084541
https://doi.org/10.3390/rs12101689
https://doi.org/10.33904/ejfe.579075
https://doi.org/10.33904/ejfe.579075
https://doi.org/10.1155/2020/5612650
https://doi.org/10.1007/s11069-016-2160-0
https://doi.org/10.3390/su14159446
https://doi.org/10.1007/s00477-022-02273-4
https://doi.org/10.1007/s00477-022-02273-4
https://doi.org/10.1016/j.jenvman.2019.04.117
https://doi.org/10.1109/ICASSP.2019.8683128
https://doi.org/10.1007/s10668-021-01394-0

43.

44,

45.

46.

47.

48.

49.

50.

51.

Assessment and Management of Risk on Account of Forest Fires 21

Myroniuk, V., Kutia, M., Sarkissian, A., et al.: Regional-Scale forest mapping over fragmented
landscapes using global forest products and landsat time series classification. Remote Sens.
12, 187 (2020). https://doi.org/10.3390/rs12010187

Silva, F., Raposo, J., Farinha, J.T., et al.: Study of the condition of forest fire fighting vehicles.
Fire 6, 274 (2023). https://doi.org/10.3390/fire6070274

Maras, E.E., Donmez, K., Emecen, Y.: GIS-Based determination of the optimal heliport
and water source locations for forest fire suppression using multi-objective programming.
Aerospace 10, 305 (2023). https://doi.org/10.3390/aerospace 10030305

Weather in Dhanaulti Reserved Forest, Uttarakhand, India,. https://www.timeanddate.com.
Accessed 29 Jun 2023

The forest fires in Uttarakhand, HT Editorial, Hindustan Times (2021). www.hindustantimes.
com. Accessed 7 Jul 2023

Sharma, A., Das, P.J.: The Alarming rise in Forest Fires in India this February: Causes and
Concerns, 6 March 2023. https://climatefactchecks.org/. Accessed 10 Mar 2024

107 hectares of forest cover hit by wildfires in Uttarakhand, India Today, 7
March 2023. https://www.indiatoday.in/india/story/107-hectares-of-forest-cover-hit-by-wil
dfires-in-uttarakhand-2343481-2023-03-07. Accessed 16 Jul 2023

Mercury up in Uttarakhand: Over 170 forest fire incidents reported in a week, The New Indian
Express, 14 June 2023. https://www.newindianexpress.com/nation/2023/jun/14/mercury-up-
in-uttarakhand-over-170-forest-fire-incidents-reported-in-a-week-2584867.html.  Accessed
16 Jul 2023

Bui, D.T., Le, K.T.T., Nguyen, V.C., et al.: Tropical forest fire susceptibility mapping at the Cat
Ba National Park area, Hai Phong City, Vietnam, using GIS-based Kernel logistic regression.
Remote Sens 8, 1-15 (2016). https://doi.org/10.3390/rs8040347


https://doi.org/10.3390/rs12010187
https://doi.org/10.3390/fire6070274
https://doi.org/10.3390/aerospace10030305
https://www.timeanddate.com
http://www.hindustantimes.com
http://www.hindustantimes.com
https://climatefactchecks.org/
https://www.indiatoday.in/india/story/107-hectares-of-forest-cover-hit-by-wildfires-in-uttarakhand-2343481-2023-03-07
https://www.indiatoday.in/india/story/107-hectares-of-forest-cover-hit-by-wildfires-in-uttarakhand-2343481-2023-03-07
https://www.newindianexpress.com/nation/2023/jun/14/mercury-up-in-uttarakhand-over-170-forest-fire-incidents-reported-in-a-week-2584867.html
https://www.newindianexpress.com/nation/2023/jun/14/mercury-up-in-uttarakhand-over-170-forest-fire-incidents-reported-in-a-week-2584867.html
https://doi.org/10.3390/rs8040347

q

Check for
updates

Sustainable Techniques for Improvement
of Black Cotton Soils

Guruprasad Ajay Chavan'? and Purnanand Savoikar! &9
1 Department of Civil Engineering, Goa College of Engineering, Farmagudi, Goa, India
psavoikar@gmail.com
2 KIT’S College of Engineering, Kolhapur, Maharashtra, India

Abstract. Soil is the most significant natural building material. It is a complex
phenomenon consisting of soil solids, water, air, and organisms in different propor-
tions. Soil is not only a critical resource that nourishes and preserves life on earth,
but it also acts as a foundation for all civil engineering structures. The strength
and stability of these structures depend on the capacity of the soil to withstand
loads and offer a stable foundation. Understanding the characteristics of soil and
its behaviour is therefore essential to confirming the sustainability and safety of
any building project. Soil property significantly impacts construction costs and
safety. Black cotton (BC) soils, a type of expansive clay with undesirable proper-
ties that fluctuate in volume due to water content changes, are also crucial in the
construction industry. Black cotton soil areas, which have a dark brown colour
and are suited for the cultivation of cotton, are mostly found in India’s Deccan
Trap. They lack nitrogen, phosphoric acid, and organic matter but are high in cal-
cium, potassium, and magnesium. They are unsuitable for building or engineering
structures. It contains montmorrilonite, illite, kaolinite, iron oxide, calcium car-
bonate, and organic matter, with swelling and shrinkage primarily due to aluminum
and magnesium silicates. Black cotton soils pose challenges for engineers glob-
ally, particularly in tropical countries like India, due to temperature and moisture
variations. They are of a high expansive nature, highly compressible, have poor
drainage capabilities, and have low load-bearing capacity, causing consolidation
settlements, swelling, and shrinkage. These issues can cause structures to lift up
and crack during dry seasons and cause settlement and shrinkage cracks. Many
studies investigated different techniques and materials for improving black cotton
soil, which were also tested in laboratories. The primary goal of this study is to
investigate potential sustainable materials and techniques for enhancing black cot-
ton soil so that black cotton soil zones could potentially be used for building and
infrastructure development while maintaining stability and safety. Xanthan gum,
a natural adhesive, and terrazyme, a natural liquid enzyme, were also used to
enhance soil. The characterization of black cotton soil in Kolhapur, Maharashtra,
India, has been done. Soil from 4.0 m below ground level was mixed with xanthan
gum and terrazyme after being sampled up to a depth of 4.75 m in four separate
layers. The potential of xanthan gum and terrazyme for enhancing black cotton
soil with a high proportion of silt and clay was investigated. Xanthan gum was
combined with various percentages of soil, and terrazyme doses were given per
100 ml of water. The results revealed that both additions increased the unconfined
compression strength. These two compounds are non-toxic and may be used to
effectively enhance black cotton soil.
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1 Introduction

Sustainable development is a method of growing a country’s economy that is not detri-
mental to the quality of the environment for future generations. Land degradation, erosion
of soil, pollution of the environment, destruction of forests, and other adverse environ-
mental effects are paid for in the name of economic growth. This damage might offset
the advantages of higher-quality goods and services. To foster environmentally friendly
growth and to meet the needs of the current generation while preserving environmental
quality for future generations. Various elements, such as material, procedure, people,
and machinery, are critical in the construction industry. The environment is our primary
source of building materials. Nowadays, we use many artificial materials for construc-
tion, but we also use a variety of natural resources for multiple purposes. Soil is one
of the most crucial natural building resources, without which no structure can be built.
Every construction project necessitates a robust foundation, which necessitates strong,
adequate bearing capacity strata, i.e., soil strata. The carrying capacity of the soil stratum
is measured in the construction industry using field testing, laboratory tests, and some
correlations discovered by prior investigations. Bearing capacity is commonly used in
the context of design and construction. Although other soil characteristics like density,
plasticity, settlement, compatibility, swelling, and permeability are equally crucial when
evaluating the soil.

Basically, soil is a complex phenomenon that consists of soil solids, and the void
space between the solid particles may be filled with water, air, and organisms in differ-
ent proportions. The state, consistency, and behaviour of soil largely depend on these
constituents and their proportions. Particle size, plasticity, and mineralogy are used to
classify soils. In practice, certain soils are deemed good for construction, while others
are considered critical. In general, such soil requires treatment and improvement before
it can be used as a building material. Expensive soils are often inappropriate for build-
ing and cause issues both during and after the construction activity. Black cotton soil
is one of the most challenging soils for building across the world. Because of seasonal
variations, this problem is especially acute in nations such as India.

1.1 Problems Associated with Black Cotton Soil

Clay minerals including Montmorrilonite, Illite, and Kaolinite, as well as compounds
like iron oxide and calcium carbonate, make up the highly compressible black cotton
soil. These minerals, which are hydrous silicates of aluminium and magnesium, cause
soil swelling and shrinkage. The minerals attract and hold water molecules, causing the
soil to swell. When water content decreases, the minerals lose their water storage capac-
ity, causing the soil to shrink. This can cause uneven settling and structural damage in
construction projects (Gidigasu and Gawu 2013), (Mishra 2014). Black cotton soils in
tropical countries like India pose significant engineering challenges due to their com-
pressibility, causing consolidation settlements and differential displacement during wet
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seasons, leading to structures’ rise and collapse, causing cracks (Mishra 2014). Black
cotton soil poses significant challenges for geotechnical engineers during construction
due to its volumetric shift and extensive deformations, causing significant damage to
roads, canals, buildings, and lifelines. It also shrinks and inflates, causing fissures up to
15 cm in diameter and 3 m deep (Shukla et al. 2015). Engineers in tropical countries like
India must carefully consider expansive soils when planning and constructing structures
due to temperature changes and soil moisture content variations. Special foundation
procedures like deep piling or soil stabilisation measures may be necessary to coun-
teract soil expansion and contraction impacts. Regular monitoring and maintenance of
structures built on expansive soils are crucial for recognising and correcting potential
problems before they become major issues. Understanding these properties is essen-
tial for project stability and lifespan. Black cotton soil is crucial for construction, and
researchers have studied and improved it using various stabilization techniques. Lime sta-
bilization enhances soil’s strength and plasticity, cement stabilizes compressive strength
and expansiveness, and chemical stabilizes changes soil properties for building. These
techniques help reduce problems caused by black cotton soil and ensure the stability and
durability of structures erected on it. Lime stabilization involves adding lime to soil to
boost strength and decrease plasticity, cement stabilizes by combining cement with soil
to increase compressive strength and decrease expansiveness, and chemical stabilizes
by applying different chemicals to change soil properties.

The main objective of this research is to explore sustainable materials for improving
the expansive black cotton soil. The objective of this research is to find sustainable ways
to improve the characteristics of black cotton soil. The project intends to identify a cost-
effective and environmentally friendly way to alleviate the soil’s swelling and shrinking
properties by studying sustainable materials. The ultimate goal is to present engineers
and construction professionals with realistic solutions for developing black cotton soil
regions without negatively impacting the ecosystem.

2 Literature

Expansive soil was treated with various additives in different percentages and forms. As
expansive soil is most critical in nature, behavior was analyzed with different test setups
by previous researchers. Tri-axial shear tests, swelling tests, and consolidation tests were
conducted to analyze soil taken from the Davangare area of Karnataka and evaluate the
enhancement of strength, swelling, and compressibility properties of black cotton soil
supplemented with coir fibres. The results showed that using coir as a random reinforc-
ing material with expansive black cotton soil can improve engineering behavior. It was
found that deviator stress at failure increases with fibre content, confining pressure, fibre
diameter, and major principal stress at failure. Cohesion also increases with fibre content,
and friction angle also increases. Coir fibres reduced the swell potential of black cotton
soil and reduced the compression index due to fibre inclusion. The study also provided
regression equations for predicting major principal stress at failure, shear strength param-
eters, and the compression index of black cotton soil at any fibre content (Babu et al.
2008). The performance of Nigerian black cotton soil designated as A—7—6 or CL in the
AASHTO and Unified Soil Classification System (USCS) was investigated. For the West
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African Standard Compactive effort (WA), the soil was treated with groundnut shell ash
(GSA), resulting in a peak 7-day unconfined compression strength value of 455 kIN/sq.m
at 4% GSA content and 526 kN/sq.m at 6% GSA content. This value, however, is less
than the 1710 kN/sq.m recommended by regulations for base material stabilisation using
ordinary Portland cement (OPC). Peak soaking California bearing ratio (CBR) values
of 4% at standard Proctor and 4% at WA were obtained at 6% (GSA) and 0% (GSA),
respectively, failing to fulfill the Nigerian General Specifications (1997) specification
(Oriola and Moses 2010). Clayey soil specimens reinforced with discrete coir fibres were
evaluated, and triaxial compression tests on fibre-reinforced clay specimens were numer-
ically simulated. The stress vs. strain curves for plain and fiber-reinforced soils indicated
the usefulness of the proposed analytical model in forecasting the stress-strain response
of fibre-reinforced soils. It has also been found that fibre reinforcement enhances the
stress-strain response of clayey soils (Babu and Chouksey 2010). Addition of 30-50%
shredded tyre waste to expansive black cotton soil reduced its volume change potential
and shear strength, according to Atterberg’s limit tests. This suggests that shredded tyre
waste should be used as backfill material in mixing walls to reduce backfill pressure.
Additionally, it helps reduce swelling and shrinkage characteristics. The addition of 5%
shredded tyre waste in black cotton soil results in a lighter-weight mix with marginally
improved shear strength. This suggests that coarser-sized shredded tyre waste can be
used for lighter embankments over soft or weak foundations. Additionally, shredded
tyre waste increases consolidation properties due to increased permeability values. The
addition of shredded tyre waste increases the compressibility properties of the mix (Sri-
vastava et al. 2014). Expansive soil from the Banda district in Uttar Pradesh, India, was
analyzed and stabilized it with steel slag, rice husk ash, and quick lime. The optimum
mix of these elements was found to be expansive soil, steel slag, rice husk ash, and
quick lime at 65, 20, 5, and 10%, respectively. The soil plasticity decreased to 66.2%,
while its strength increased to 96%. This mix was found to be as durable as the subgrade
material, and its dynamic properties increased soil stiffness to 58—78% (Ashango and
Patra 2016). The use of precipitated silica (PS) from rice husk to enhance the geotech-
nical engineering properties of black cotton soil was analyzed. The soil was collected
from Tiruppur district in Tamil Nadu. The application of PS significantly improved the
soil’s properties, including reduced plasticity, increased permeability, and consolidation
rate. This could reduce construction costs associated with excavation and transportation
of unsuitable soil. The optimal PS content of 50% is recommended for improving the
subgrade characteristics of the soil for pavement layer use (Gobinath et al. 2016). Agri-
cultural and industrial waste to stabilize black cotton soil using a combination of bagasse
ash, ground granulated blast furnace slag (GGBS), and wood powder was utilized. Wood
powder provided better consistency and reduced plasticity compared to bagasse ash and
GGBS. Wood powder effectively controlled swelling in the soil, up to 58%. Bagasse
ash and GGBS improved the strength of the soil sample, with GGBS and bagasse ash
contributing more to strength and wood powder for swelling control (Dalal et al. 2017).
The Stabilization of black cotton soil with up to 8% lime admixed with up to 10% iron
ore tailing (IOT) in Gombe State, Nigeria was evaluated. The soil was classified as CH
or A-7-6 in the Unified Soil Classification System (USCS) and AASHTO classification
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systems. The soil’s compaction characteristics increased with higher lime and IOT con-
tents. The peak 7-day UCS value of 1074.54 kN/sq.m met the 1034.25 kN/sq.m criterion
for adequate lime stabilization. The peak CBR value of 50% for 8% lime and 8% IOT
treatment met the minimum 40% requirement for sub base material in lightly trafficked
road construction. The study also evaluated the leaching potential of iron from the soil-
lime-IOT mixtures, revealing its suitability as a sub base material on lightly trafficked
roads (Etim et al. 2017).

Kaolinite clay with gypsum and lime exhibits high expansion when cured, but adding
ground granulated blast furnace slag (GGBS) reduces this expansion and increases
compressive strength. Adjusting the lime-GGBS ratio can modify both properties. The
reduction in expansion is due to a balance between competing hydration reactions, which
inhibits ettringite nucleation. Further research is needed to confirm this hypothesis using
a wider range of compositions and micro-analytical methods (Wild et al. 1996). The
behaviour of Rajkot region BC soil was improved by using three additives, with cement
dust providing substantial and durable benefits as a stabilizing agent. It was observed
that, unconfined compressive strength was improved and plasticity reduced with dif-
ferent dosage of cement dust, cement dust and lime and also with lime alone(Oza and
Gundaliya 2013). The effects of GGBS mixed with lime on the hydraulic conductivity of
expansive clay minerals like kaolinite, montmorillonite, and illite clay was evaluated. A
study revealed that adding lime and GGBS reduces kaolinite’s permeability, increasing
hydraulic conductivity as time elapses. However, kaolinite’s conductivity decreases due
to GGBS and lime, possibly due to calcium silicate hydrate gel formation or decreased
inter-aggregate pore size (Das and Soni 2014). The impact of sugarcane bagasse ash
(BA) on cement-stabilised black cotton soil (BCS) in Nigeria was investigated. The soil
was treated with both cement and BA, resulting in a 73% soaked California bearing ratio
value. The BCS blend with 8% cement and 5% BA did not meet the Nigerian Federal
Ministry of Works, base course requirement, suggesting 5% BA and 8% cement as the
optimal blend for BCS stabilization in flexible pavement (Batariet al. 2017).

Xanthan gum, a polysaccharide used as a food additive and rheology modifier, can
significantly increase soil compressive strength when used with fine-grained soil. The
strength of xanthan gum-coarse soil mixtures depends on the strength of xanthan gum
gels, primarily due to hydrogen bonding between xanthan monomers and fine soil parti-
cles. Direct interaction between fine particles and xanthan gum strands occurs due to elec-
trically charged clay particles. Xanthan gum bridges between distant particles, enhancing
particle alignment and strength improvement. The most economical and efficient con-
centration for soil treatment is approximately 1-1.5%. Xanthan gum is recommended
for soil improvement, especially for dry soil, with minimal adverse effects (Chang et al.
2015). The impact of xanthan gum on soil engineering properties using three mechanical
tests as unconfined compression, unconsolidated undrained triaxial, and direct shear was
investigated. Results showed that xanthan gum improved the strength of all soil types,
with the highest strength achieved for silty sand The study also found that xanthan gum
increased cohesion in cohesionless soils but not friction angles. The study suggests using
xanthan gum for soil stabilization at the ground surface or deeper ground, with in-situ
research needed to support its potential (Soldo and Miletic 2019). Terrazyme, a uni-
versally available bioenzyme, for soil augmentation and stabilization. Laboratory tests
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showed that terrazyme reduces clay content, increases coarser particles, decreases liquid
and plastic limits, and increases maximum dry density. It also reduces the compressive
index and coefficient of compressibility, making it a cost effective solution for expansive
soil intensification (Begum et al. 2020).

3 Geotechnical Properties of Kolhapur Black Cotton Soils

Sampling was done at twenty eight different locations in Kolhapur, Maharashtra, India.
Samples were collected from different depths below ground level. Various tests were
conducted on samples collected and results were analyzed, soil characteristics are listed
in Table 1 (Chavan and Savoikar 2023). Classification of soil was done on the basis of

plasticity chart with the help of soil test results.

Table 1. Characteristics of black cotton soil in study area

Sr. No Soil property Range of values

1 Mechanical analysis
Sand 15-30%
Silt and Clay 60-95%

2 Consistency limits
Liquid limit (LL) 38.46-65.40%
Plastic limit (PL) 22.-51.71%
Plasticity index(PI) 11.89-30%
Shrinkage limit (SL) 9.15-16%

3 Soil classification CH-MH-CI

4 Specific gravity(G) 2.08-2.73

5 Field density 13.8-19.8 kN/m?>

6 Dry density 10.45-14.80 kN/m?

7 Proctor density 13.5-17.2 kN/m3

8 Optimum moisture content (OMC) 13.50-20.90%

9 Free swell index 10-70%

10 California bearing ratio (CBR un-soaked) 2.4-4.60%

11 Cohesion (c) 19.61-37.27 kN/m?

12 Angle of internal friction (¢) 8.75-24.32°

13 Unconfined compression strength 62.22-68.95 kN/m?2

14 Compression index (Cc) 0.454-0.499

15 Recompression index (Cr) 0.030-0.033
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4 Improvement Using Bio-Enzymes-Terrazyme

Terrazyme is a natural, non-toxic liquid boi-enzyme combination that alters the physical
and chemical characteristics of soil. This enzymatic process improves soil engineering
qualities by allowing for greater compaction densities and increasing soil stability via
particle bonding (Farooq and Singh 2020). Terrazyme is a soil stabilizing agent that
improves soil particle wetting and bonding, resulting in a compacted, wetter structure.
It aids in chemical bonding, making it resistant to weathering, abrasion, and water
penetration, available in two formulations. The study analyzed black cotton soil with
bio-enzyme and terrazyme as an admixture using various laboratory tests. The soil was
collected from a bore hole near Rankala, Phulewadi Road, Kolhapur, and treated with
terrazyme. The soil was sampled up to a depth of 4.75 m in four layers, and treated with
different dosages i.e., 0.25 ml per 100 ml of water, 0.50 ml per 100 ml of water, 0.75 ml
per 100 ml of water, and 1 ml per 100 ml of water. The unconfined compression strength
is analysed with curing period.

4.1 Unconfined Compression Strength (UCS) of Black Cotton Soil
with Terrazyme

The effect of terrazyme on the unconfined compression strength value was investigated,
and the findings are shown in Table 2. Figure 1 also depicts the fluctuation of unconfined
compression strength with different terrazyme dosages. It increases soil strength; this
impact is most pronounced after curing.

Table 2. Effect of terrazyme on unconfined compres-
sion strength on curing

Sr. No | Dosage(ml)/ 100 ml of | UCS (kN/mz)

water
Curing period (days) 0 07
1 Untreated 64.45 |71.12

2 0.25 74.20 | 80.41
3 0.5 82.30 |86.30
4 0.75 8541 |89.14
5 1.0 86.20 |90.71
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Fig. 1. Unconfined compression strength with terrazyme

5 Improvement Using Natural Adhesives

Xanthan gum, a polysaccharide produced by the xanthomonas campestris bacterium, is
used in food, the oil industry, and concrete for its pseudo-plasticity, stability, and ability
to thicken drilling mud (Chang et. al. 2015). Xanthan gum, is a common suspending
and stabilizing agent in oral and topical medicinal formulations, cosmetics, and food
products. Its anionic nature makes it an alternative to traditional alkaline activators like
KOH, NaOH, and CaOH. (Kundeti et al. 2023). Unconfined compression strength tests
were performed on black cotton soil taken from a bore hole by manual auger boring at
a place specified behind Rankala, Phulewadi Road, Kolhapur, and treated with xanthan
gum as an admixture. Xanthan gum was combined with soil from 4.0m below ground
level. For this test, soil was treated with various concentrations of 0.2%, 0.4%, 0.6%,
and 1.0% of soil. The effect of xanthan gum on the unconfined compression strength
value was investigated, and the findings are shown in Table 3. Also shown in Fig. 2 is the
fluctuation of unconfined compression strength with different dosages of xanthan gum,
which enhances soil strength and is more pronounced with curing.

Table 3. Effect of xanthan gum on cured unconfined compression strength

Sr. No Dosage of Xanthan in percentage of soil UCS (kN/m?)

Curing period (days) 0 07

1 Untreated 64.45 71.12
2 0.2 78.55 90.42
3 0.4 90.50 98.52
4 0.6 98.30 120.40
5 1.0 110.00 177.30
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Fig. 2. Unconfined compression strength with Xanthan gum

6 Conclusion

This research reviews previous studies on improving black cotton soil using fibres and
agricultural by-products. It aims to identify sustainable materials and improve mechani-
sation. The study used the natural adhesives xanthan gum and bio-enzyme terrazyme to
enhance soil quality in Kolhapur, Maharashtra, India. The curing period was also consid-
ered. It was observed that the compounds increased unconfined compression strength.
Terrazyme enhanced unconfined compressive strength by 33% without curing and 41%
with a 7-day curing time at a dosage of 1 mL per 100 mL of water. Xanthan gum enhanced
unconfined compressive strength by 71% without curing and 175% after 7 days of curing
at a dosage of 1.0% soil. This study gives insights into soil improvement mechanisms,
which can influence future research and the development of effective approaches.
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Abstract. The aggregative release of harmful azo dyes into the environment has
become a major concern due to their adverse impacts on ecosystems and human
health. Among these dyes, Acid Orange-7 (AO7) has been identified as a persistent
and toxic pollutant, necessitating effective treatment strategies for its removal from
wastewater. In this study, an innovative and environment friendly method is intro-
duced for the removal of AO7 dye utilizing acid-activated biochar (AAB) derived
from the dried stem of Averrhoa carambola. The biochar is subjected to surface
activation by acetic acid to enhance its surface area and porosity, optimizing its
adsorption capacity. A comparative study through batch adsorption experiments
was established to understand the removal potential of acid-activated biochar in
removing AO7 dye. The effects of various parameters such as initial dye con-
centration, contact time, pH, and dosage of the biochar are studied to understand
their influence on the adsorption process. Additionally, adsorption isotherms and
kinetics models are employed to interpret the adsorption mechanism and rate. The
results demonstrate that the AAB derived from Averrhoa carambola exhibits a
higher adsorption capacity for AO7 dye, with removal efficiency of 98.5% with
monolayer adsorption capacity of 39.7 mgg_1 . The pH of the solution is found to
significantly impact the adsorption process, with neutral conditions favoring bet-
ter dye uptake. In addition, Langmuir model with better correlation coefficient in
both the cases (unmodified and AAB) was found to be fitted better than Freundlich
model suggesting monolayer adsorption. Moreover, the adsorption kinetics closely
follow the pseudo-second-order model, suggesting chemisorption as the predom-
inant mechanism. The AAB shows enhanced result than unmodified biochar due
to its increased surface area, chemical modification, electrostatic attraction, pore
filling, and chemisorption. Therefore, it holds a great potential for the removal
of AO7 dye from wastewater, opening avenues for further research and practical
implementation in water treatment technologies.
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1 Introduction

Acid Orange 7 (AO7) is a prominent synthetic organic dye widely employed in vari-
ous industrial sectors, including textiles, paper manufacturing, and leather processing,
primarily for its striking orange-red coloration [1]. However, the extensive use of AO7
in these industries raises environmental concerns that necessitate a closer examination
of its fate in the environment. AO7 is characterized by its resistance to biodegradation,
which can result in its persistence in the environment, especially in aquatic ecosystems
[2]. Furthermore, AO7 can adsorb strongly to sediments and soils in water bodies, which
reduces its mobility and bioavailability, potentially impacting the concentration of AO7
in aquatic environments. While AO7 itself is generally considered to have low toxicity,
the concern lies in the potential toxicity of its breakdown products or metabolites formed
during chemical or biological transformations [3]. These metabolites may exhibit differ-
ent toxicity profiles, posing risks to aquatic organisms and ecosystems. Consequently,
ongoing research is crucial to comprehensively assess the ecological impacts of AO7
and its potential derivatives [4]. To address these environmental issues, numerous coun-
tries have enacted regulations governing the discharge of dyes like AO7 into wastewater,
serving as a crucial safeguard to prevent the release of such dyes into natural water bod-
ies and minimize their environmental impact [5]. Responsible use, proper wastewater
management practices, and adherence to environmental regulations collectively play a
pivotal role in ensuring the sustainable and eco-friendly utilization of AO7 across diverse
industrial applications [6]. Meanwhile, the removal of the dye from aqueous environ-
ment has become a trending topic in the field of research. There are numerous methods
like precipitation, photocatalysis, chemical reduction and adsorption developed so far
in order to decontaminate water bodies from AO7 [7-9]. The adsorptive removal of
dye from water is a highly favored method among wastewater treatment techniques due
to its remarkable efficiency and versatility [10]. It excels in eliminating a wide range
of synthetic dyes commonly found in industrial effluents, including those from textile,
paper, and food processing industries [11]. One of its key advantages lies in selectiv-
ity, as adsorption can selectively target specific dyes without adversely affecting other
components in the water, making it particularly valuable for treating complex wastewa-
ter streams [12]. Furthermore, adsorption processes are cost-effective, often employing
readily available and affordable adsorbent materials like activated carbon, clay miner-
als, zeolites, or biochar [13]. They also incur lower operational and maintenance costs
compared to alternatives such as membrane filtration or chemical precipitation [14, 15].
The method is easy to operate, scalable to various sizes and settings, generates mini-
mal sludge, and is environmentally friendly, involving no chemical additions or harmful
byproduct production [16]. Some of the earlier studied adsorbent like, pistachio shell
powder [17], de-oiled soya [18], Kenya tea pulps [19], and pea pods [20] and cucumis
sativus peels [21] have been reported with good potential to decontaminate water from
acid orange 7. The acid activation of biochar holds immense significance in the realm
of environmental remediation and water treatment. This process elevates the effective-
ness of biochar as an adsorbent by substantially increasing its surface area, thereby
creating more active sites for adsorption reactions [22]. By introducing and modify-
ing surface functional groups through acid treatment, biochar gains enhanced chemical
reactivity, making it proficient at selectively capturing specific contaminants like heavy
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metals, organic pollutants, and dyes [23]. Similarly, AAB introduces additional func-
tional groups, including carboxylic and hydroxyl groups, which enhance the chemical
reactivity and ability of the biochar to form strong bonds with specific contaminants.
This level of customization makes organic acid-activated biochar particularly effective
in selectively removing target pollutants from water or soil, such as heavy metals and
organic compounds. In the present study lactic acid was utilized in order to fabricate
biochar for effective decontamination of AO7 from aqueous solutions. The potential of
the developed biochar would be optimized at various experimental condition that helps
to explain the working mechanism of the proposed adsorbent.

2 Materials and Methods

2.1 Preparation of Bio-Adsorbent

Ripe star fruit stems (Averrhoa carambola L.) were carefully collected, cleaned to
remove impurities, and subsequently cut into small pieces. The carbonization process
was conducted in a controlled environment, with the stem pieces being heated in a low-
oxygen pyrolysis reactor at a temperature of 650 °C, employing a slow heating rate
of approximately 10 °C/min and holding this temperature for 2 h to ensure complete
carbonization. The resulting biochar was collected and allowed to cool to room temper-
ature. Subsequently, activation with lactic acid commenced, involving the preparation
of a 10% (v/v) lactic acid solution using 100 mL of lactic acid and 900 mL of distilled
water. The carbonized biochar was submerged in this solution for 12 h at 25 °C with
intermittent stirring for uniform contact. Post-activation, the biochar underwent thor-
ough rinsing with distilled water until reaching neutral pH, followed by drying at 105 °C
for 24 h.

2.2 Characterization of the Bio-Adsorbent

Fourier-Transform Infrared (ATR-FTIR) spectrometry, utilizing the Nicolet 6700 model
from Thermo Scientific, was employed to investigate the vibrational modes of molecules
in biochar and lactic acid modified biochar. A thorough FTIR analysis was conducted in
the mid-infrared range (400—4000 cm ™), comparing spectra of the control and modified
biochar. The obtained data were processed to identify functional groups and assess
physiochemical changes induced by lactic acid modification. Additionally, the Point of
Zero Charge (PZC) determination for biochar and lactic acid modified biochar employed
the mass titration method following Srivastava et al. [24]. 0.1 M NaCl solutions (25 ml)
were adjusted to pH values from 3.00 to 11.00 using 0.1 M HCI or NaOH. 0.1 g of
each adsorbent was added, stirred for 24 h at room temperature, and the final pH was
measured. ApH (final-initial pH) against the initial pH was plotted to ascertain the PZC
values. Understanding the PZC is vital in optimizing conditions for adsorption processes,
predicting adsorbent behaviour, and enhancing the efficiency of pollutant removal from
aqueous solutions.
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2.3 Batch Adsorption Experiments

Batch adsorption setup was established for various experimental condition such as initial
concentration, biomass dosage, pH and contact time. The remaining dye ion concentra-
tion in the solution was determined through UV-Visible Spectrophotometer. A calibra-
tion curve was established using three distinct dye concentrations: 2.5, 5, and 10 mg/L
The biosorption capacity (q.) of the acid AAB and the percentage dye removal were
calculated from the following equations Eq. (1) and (2) respectively.

mg) (G -GV 0
9e )" M
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% Removal = x 100 )

i
where, C; and C. (mg/l) are the initial and equilibrium concentration of the adsorbate

respectively, V is the volume (L) of the solution and M denotes to the mass of adsorbent
(g) used.

3 Result and Discussion

3.1 Characterization via FTIR and pHpzc

The FTIR analysis of biochar and acid-activated biochar revealed distinctive spectra,
indicating changes in functional groups (Fig. 1). In the biochar spectrum, a prominent
peak at around 3400 cm! signifies hydroxyl (OH) groups, indicative of moisture absorp-
tion [25]. A prominent peak at 2345 cm™! signifies the stretching of alkene group while
peaks around 1600 cm™! and 2920 cm™! correspond to C = O and C-H stretching,
respectively [26]. In addition, a vibration peak in a fingerprint region at 1108 cm™!
indicates the stretching of C—O group of cellulose [27]. Further, the IR spectra of the
AAB displayed enhanced peaks at 3422 cm™! corresponds to OH group, suggesting
modifications in hydrogen bonding or surface functionalities while peak shift around
1600 cm~! suggests the presence of carboxylic acid groups [28].

The results of the Point of Zero Charge (PZC) analysis reveal distinct characteristics
between unmodified biochar and AAB, with PZC values of 7.2 and 5.4, respectively
as shown in Fig. 2. The AAB possesses a higher surface charge density compared to
its unmodified counterpart. Such a variation is of paramount significance in the context
of AO7 dye removal, as it directly influences the electrostatic interactions between the
adsorbent and the dye molecules. AAB, with its lower PZC, offers enhanced electro-
static attraction towards acidic dye molecules like acid orange, thereby facilitating more
efficient adsorption. Additionally, the higher surface charge density of AAB promotes
greater surface reactivity, allowing for increased sites available for dye adsorption [29].
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Fig. 1. FTIR spectra of unmodified biochar and AAB derived from Averrhoa carambola L.
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3.2 Effect of pH and Initial Concentration on AO7 Dye Removal

The study investigating the optimum pH for maximum adsorption of A07, utilizing
both AAB and unmodified biochar, yielded insightful results. Notably, the maximum
efficiency for AQ7 adsorption was observed around neutral pH in both cases (Fig. 3a).
However, a significant difference in efficiency was evident between the AAB and the
unmodified biochar, with the former exhibiting a remarkable efficiency of 98.5%, while
the latter only achieved 62.5%. This discrepancy can be elucidated through fundamental
chemical principles. Lactic acid activation of biochar involves treatment of biochar that
resulted in the creation of a greater number of surface functional groups and increased
surface area. These functional groups, such as carboxylic and hydroxyl groups, facil-
itate stronger interactions with AQ7 molecules through mechanisms such as electro-
static attraction and hydrogen bonding [30]. Consequently, the AAB possesses enhanced
adsorption capacity compared to its unmodified counterpart. Moreover, the higher effi-
ciency observed at a neutral pH suggests that electrostatic interactions, likely between
protonated amine groups on AO7 and the functional groups on the biochar surface, play
a crucial role in the adsorption process. Adsorption of anionic dye at neutral pH using
biochar is advantageous due to the favourable electrostatic interactions between the neg-
atively charged dye molecules and the positively charged functional groups present on
the biochar surface [31]. In contrast, several studies have reported an acidic condition
for the removal of AO7 from aqueous environment [32, 33]. However, the limitation of
anionic dye removal at acidic pH primarily stems from the reduced surface charge of
the adsorbent material, typically a result of protonation. At low pH levels, the surface of
the adsorbent becomes positively charged, diminishing its affinity for anionic species.
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Consequently, the electrostatic repulsion between the positively charged adsorbent sur-
face and the negatively charged anionic dye molecules hinders their adsorption, leading
to decreased removal efficiency [34, 35]. At neutral pH, biochar maintains its optimal
surface charge, enhancing its affinity for anionic dye molecules. Additionally, compet-
ing reactions such as protonation or deprotonation, which could hinder adsorption, are
minimized [36].
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Fig. 3. Effect of pH (a) and Initial concentration (b) on removal efficiency of AO7 using
unmodified (control) and acid activated (AAB) biochar.

The effect of the initial concentration (10 to 50 mg/L) on the removal efficiency of
the AO7 dye with control and AAB (2 g/L) is shown in Fig. 3b. The AAB exhibits a
remarkable removal efficiency of 98.8%, outperforming unmodified biochar by a sig-
nificant margin, which achieves only 75.5% removal. Remarkably, as the initial concen-
tration of AO7 increased from 10 mg/L to 50 mg/L, both acid-activated and unmodified
biochar showed a decline in adsorption efficiency. This diminishing trend suggests that
the capacity of the biochar to adsorb AO7 becomes saturated as the initial concentration
of the pollutant rises. However, it is noteworthy that even at 50 mg/L, acid-activated
biochar maintained a relatively high removal efficiency of 75.4%, whereas unmodified
biochar exhibited a lower efficiency of 32.55%. The decrease in adsorption efficiency
with increasing initial concentration may be attributed to the saturation of available
adsorption sites on the biochar surface. At higher initial concentrations, the number
of pollutant molecules exceeds the capacity of the biochar to adsorb them, resulting
in reduced efficiency [9]. The superior performance of acid-activated biochar can be
attributed to its enhanced surface properties resulting from the acid activation process.
Acid activation introduces functional groups and increases surface area, thereby aug-
menting the availability of active sites for AO7 adsorption. Conversely, unmodified
biochar lacks these surface modifications, leading to lower adsorption efficiency. More-
over, the process of acid activation results in an increase in surface area and pore volume,
facilitating greater accessibility of active sites and thereby improving adsorption kinetics
[37]. Additionally, the enhanced surface reactivity of acid-activated biochar promotes
stronger interactions with AO7 molecules, reducing the likelihood of desorption [38].
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3.3 Effect of Biomass Dosage and Contact Time on AO7 Dye Removal

In Fig. 4a, the effect of varying biomass dosage (ranging from 0.5 g/L to 3 g/L) on
the removal efficiency of AO7 employing unmodified and acid-activated biochar was
examined. AAB demonstrated maximal AO7 removal efficiency of 98.7% at a biomass
dosage of 2.5 g/L, contrasting with the 67.2% removal efficiency exhibited by unmodified
biochar at the same dosage. The observed increase in adsorption efficiency up to a dosage
of 2 g/L can be attributed to an increase in the number of available adsorption sites on the
biochar surface. At lower dosages, the concentration of active sites may be insufficient
to fully capture the available pollutant molecules. However, as the dosage is increased
within this range, more active sites become available, leading to enhanced adsorption
efficiency [39]. Beyond a dosage of 2 g/L, no further improvement is observed, indicating
saturation of available adsorption sites. The superior performance of AAB compared to
unmodified biochar can be attributed to the enhanced surface area and surface chemistry
of AAB resulting from the acid activation process. This augmentation leads to a higher
density of functional groups and active sites, facilitating stronger interactions with AO7
molecules and thereby enhancing adsorption efficiency [40].
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Fig. 4. Effect of biomass dosage (a) and contact time (b) on removal efficiency of AO7 using
unmodified (control) and acid activated (AAB) biochar.

Further, the effect of contact time on the removal of AO7 using acid-activated and
unmodified biochar was investigated and presented in Fig. 4b. Both adsorbents reached
equilibrium conditions at 60 min of contact time. AAB achieved a maximum removal
efficiency of 98.7%, while unmodified biochar exhibited a lower efficiency of 68.3% at
the same contact time. With increasing contact time beyond 60 min, both acid-activated
and unmodified biochar demonstrated an enhancement in adsorption efficiency. How-
ever, no further improvement was observed beyond 120 min. Notably, AAB exhibited an
efficiency of 78% within 30 min, while unmodified biochar showed a lower efficiency
of 56.5% that supports high rate of reaction at initial contact time [41]. The observed
increase in adsorption efficiency with prolonged contact time can be attributed to the
increased opportunity for AO7 molecules to interact with the adsorbent surface and be
captured by active sites [42]. At shorter contact times, the adsorption process may not
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have sufficient time to reach equilibrium, resulting in lower efficiency. However, as the
contact time is extended, more AO7 molecules can be adsorbed onto the biochar surface
until equilibrium is reached. Beyond the point of equilibrium, no further increase in
adsorption efficiency is observed as all available adsorption sites become occupied [43].

3.4 Isotherm Modelling

In the present study, two isotherms namely, Langmuir and Freundlich are applied to
understand the adsorption mechanism of AO7 onto AAB and unmodified biochar. The
Langmuir and Freundlich isotherms are widely used models to describe the adsorption
behaviour of solutes onto solid surfaces in solution. The Langmuir isotherm assumes
a monolayer adsorption process on a homogeneous surface, where adsorption sites are
equivalent and no interactions occur between adsorbed molecules [44]. It suggests that
adsorption reaches saturation at a certain point, forming a monolayer, and follows a
reversible process [45]. Langmuir equation can be expressed as follows:

Ce
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where, q. is the amount of solute adsorbed per unit mass of adsorbent (adsorption
uptake), C. is the equilibrium concentration of solute in the solution, qp, is the maximum
adsorption capacity of the adsorbent and K, is the Langmuir constant, related to the
affinity of the adsorbate for the adsorbent. Additionally, The Langmuir isotherm model
employs the dimensionless separation factor (Rp) to classify the shape of the isotherm,
offering insights into the favourability and feasibility of adsorption processes. Ry, values
indicate whether adsorption is favourable (0 < Ry, < 1), irreversible (R = 0), linear
(R = 1), or unfavourable (Ry, > 1) [46]. The Ry, factor is calculated using the following
equation:

1
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In contrast, the Freundlich isotherm describes multilayer adsorption on heteroge-
neous surfaces, considering non-uniform distribution of adsorption energies and surface
sites. It suggests that adsorption increases continuously with concentration and does not
necessarily reach saturation. The non-linear expression of isotherm is given as follows.

qe = K;CM" (5)

ge is the amount of solute adsorbed per unit mass of adsorbent, Ky is the Freundlich
constant related to adsorption capacity, C, is the concentration of solute in the solution
and n is the Freundlich exponent, indicating the intensity of adsorption. The Langmuir
and Freundlich isotherm models were applied to analyse the adsorption behaviour of AO7
by unmodified and AAB. By plotting nonlinear graphs of equilibrium adsorption capacity
(qe) against equilibrium concentration (ce), key parameters were determined for each
model as shown in Fig. 5. For the Langmuir model, the maximum adsorption capacity
(gm) was calculated as 39.73 mg/g for AAB and 28.63 mg/g for unmodified biochar. The
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Langmuir constant (K1) was found to be 1.8 for AAB and 0.16 for unmodified biochar,
with Ry values of 0.99 and 0.95 respectively, indicating a high degree of correlation
between the experimental and model-predicted data. Additionally, the Ry, values, used
to assess the favourability of adsorption processes, were determined as 0.05 for AAB
and 0.38 for unmodified biochar.
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Fig. 5. Langmuir (a) and Freundlich (b) isotherm for adsorptive removal of AO7 using unmodified
(CONTROL) and AAB.

On the other hand, the Freundlich model provided insights into the heterogeneous
adsorption behaviour and varying adsorption energies of the biochar surfaces [47]. The
parameter 1/n, indicative of adsorption intensity, was determined to be 4.34 for AAB and
2.63 for unmodified biochar. A value of 1/n signifies the intensity of adsorption. When
n > 1, it suggests that adsorption is favourable on heterogeneous surfaces [48]. The
Freundlich constant (Ky) values were 6.87 for AAB and 2.35 for unmodified biochar,
with Ry values of 0.94 and 0.92 respectively, signifying a good fit of the experimental
data to the model. Table 1 shows comparison in the obtained parameters by both the
isothermal modelling.

Table 1. Comparative values of the parameters calculated for the removal AO7 using unmodified
biochar and AAB by equilibrium models

Langmuir isotherm Freundlich isotherm

Parameters Control AAB Parameters Control AAB
Qm (mg/g) 28.63 39.73 K (L/mg) 2.35 6.87

R? value 0.952 0.997 R? Value 0.92 0.94

K (L/mg) 0.16 1.8 1/n Value 4.34 2.63

Comparative analysis reveals that the Langmuir model better fits the experimental

data, as evidenced by higher R, values and lower Ry values, indicating a favourable
adsorption process. The higher qn, and Ky, values obtained for AAB suggest a greater
adsorption capacity and affinity compared to unmodified biochar. This underscores the
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effectiveness of acid activation in enhancing the adsorption performance of biochar.
The Freundlich model, on the other hand, suggests a heterogeneous adsorption pro-
cess and varying adsorption energies across the biochar surfaces [49]. The higher K¢
values for unmodified biochar indicate stronger adsorption interactions, possibly due
to its inherent surface characteristics. The modification of biochar with acid has been
also supported by several reported studies where acid treatment enhanced the adsorp-
tion capacity up to several folds [S0]. Mohamed et al. (2020) were reported a study
where both unmodified and modified biochar derived from pea peels (Pisum sativum)
were assessed for the removal of Acid Orange 7 (AO7) dye. The modification process,
which introduced functional groups like Pea-BO-NH and Pea-BO-TETA, resulted in
enhanced adsorption efficiency. While specific adsorption capacities were not provided,
the study demonstrated improved dye removal efficacy following the modification of the
biochar [51]. Another study reported by Santos et al. (2020) where two bentonite sam-
ples, underwent modification with ethylene sulphide and ethylenediamine to produce
organofunctionalized clay solids. These modified clays were employed for removing
anionic azo dye from aqueous solutions, demonstrating increased adsorption capaci-
ties of around 40 mg/g [52]. Sterenzon et al. (2021) reported an adsorption capacity
of 6 mg/g for AO7, utilizing a pine tree-derived low-cost biochar at pH 5. In contrast,
our study demonstrated significantly enhanced adsorption capacities for these acid dyes
under neutral pH conditions [53].

3.5 Kinetic Modelling

The adsorption mechanisms of AO7 onto unmodified biochar and AAB derived from
star fruit stem are explored using pseudo-first order and pseudo-second order models.
The pseudo-first order model posits that the rate of adsorption is directly proportional
to the difference between the equilibrium adsorption capacity and the amount of solute
adsorbed at any given time [54]. Meanwhile, the pseudo-second order model assumes
that the rate of adsorption is directly proportional to the square of this difference [46].

The mathematical representation for the nonlinear pseudo first and pseudo second
order model is given in Egs. (6) and (7).

qr = Qe(l - eikt) (6)
kzqgt

= — 7

K 1+ kaget @)

where qt is the amount of adsorbate adsorbed at time t, ge is the amount of adsorbate
adsorbed at equilibrium, k; is the rate constant of pseudo-first order kinetics while
ko is the rate constant of pseudo-second order kinetics [55]. A nonlinear graph for
both the models were plotted between ge versus ce and presented in Fig. 6. In case of
pseudo-first order model, it is observed that the equilibrium adsorption capacities (qe)
for AAB (30.22 mg/g) found to be higher than those of unmodified biochar (21.34 mg/g).
Similarly, the rate constant (kj) for AAB (0.22) is also higher compared to unmodified
biochar (0.11).
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Fig. 6. Adsorption kinetic models for AO7 uptake a pseudo-first-order model-, b pseudo-second-
order model using unmodified (control) and AAB.

These findings suggest that acid activation enhances both the adsorption capacity
and rate of AO7 onto biochar. Nonetheless, the R-squared (R?) values for both sub-
strates show a moderate alignment with the pseudo-first order kinetics. it is evident
that acid-activated biochar exhibits higher equilibrium adsorption capacities (q.) and
rate constants (ky) compared to unmodified biochar. The R? values for both types of
biochar are notably high, indicating a strong fit of the experimental data to the pseudo-
second order model. By examining pseudo-second order model, it is evident that AAB
exhibits higher q. and rate constants (ky) compared to unmodified biochar. The R?
values for both types of biochar are notably high, indicating a strong fit of the experi-
mental data to the pseudo-second order model. A comparative data for both the kinetic
model is presented in Table 2. Therefore, the adsorption of AO7 onto biochar follows
pseudo-second order kinetics more closely than pseudo-first order kinetics. The higher
R» values and the better fit of experimental data to the pseudo-second order model imply
that chemisorption, involving valence forces through sharing or exchange of electrons,
likely governs the adsorption process [56]. This is supported by the observation that
acid activation increases the surface area and functional groups of biochar, facilitating
stronger interactions with AO7 molecules, leading to enhanced adsorption capacity and
kinetics.

Table 2. Kinetic parameter obtained for adsorption of AO7 onto unmodified (CONTROL) and
AAB

Pseudo first order Pseudo second order

Parameters Control AAB Parameters Control AAB
K; (min~!) 0.05 0.06 Ko(g mg'min~1) 0.090 0.07
R? value 0.954 0.982 R? value 0.959 0.986
ge (mg/g) 5.1 7.89 Je Mg/L) 8.11 12.15
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4 Conclusion

In conclusion, the utilization of lactic AAB derived from the dried stem of star fruit
presents a promising avenue for sustainable and eco-friendly water treatment solutions.
Through comparative analysis, itis evident that modification via lactic acid activation sig-
nificantly enhances the adsorption capacity of biochar. This enhancement underscores the
potential of biochar as an effective adsorbent for remediation of polluted water sources.
The optimization study elucidated key parameters for maximizing adsorption efficiency,
with pH 7, a contact time of 60 min, an initial concentration of 10 mg/L, and a biomass
dosage of 2 g/L identified as optimal conditions. Isothermal and kinetic studies revealed
the monolayer adsorption capacity of 39.73 mg/g for AAB, surpassing the capacity of
unmodified biochar (28.63 mg/g). The Langmuir model fitting, supported by high R?
values, further substantiates monolayer adsorption behaviour. Moreover, the superiority
of the pseudo-second order model in fitting experimental data underscores its suitability
for describing adsorption kinetics in both cases. This comprehensive investigation not
only enhances our understanding of biochar-based water treatment processes but also
highlights the potential of AAB as a sustainable and efficient adsorbent for addressing
water pollution challenges.
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Abstract. The purpose of this research is to examine the changing functions and
important significance of japamala, or rosary beads, in Hinduism. It focuses on
the Tulsi Japamala beads created at Amity University Dubai, highlighting their
significance as precious spiritual treasures and examining how they evolved from
being revered artifacts to trendy decorations. This study combines engineering and
design perspectives through a multidisciplinary approach that includes project
analysis, interviews, and qualitative research. The intricate production method,
historical context, and cultural significance of Tulsi Japamala beads are exam-
ined. The study shows how Tulsi Japamala beads transformed from holy artifacts
to modern symbols of spirituality and creativity. It makes clear Amity University
Dubai’s complex creation process and skillful fusion of innovation and tradition.
These beads support mantra chanting and prayer as they symbolize a vital link to
heritage and elegance. This study offers fresh insights into the intersection of tradi-
tion and innovation in the context of religious objects of worship by examining the
usage of Tulsi Japamala beads as a bridge between traditional spirituality and con-
temporary design. The study provides knowledge to manufacturers, designers, and
artisans on the creation and cultural significance of Tulsi Japamala beads, which
may provide inspiration for the creation of genuine sacred objects. This study
encourages a greater understanding of the spiritual and cultural value of japamala
beads and highlights the need of preserving and interpreting religious traditions
in modern culture. The Amity University tulsi Japamala beads pay tribute to con-
temporary spiritual practices and the smooth blending of tradition and innovation
via the application of both old wisdom and revolutionary craftsmanship.

Keywords: Tulsi plant - Prayer beads - Tulsi beads - Rosary - Holy basil -
Ayurvedic medicines

1 Introduction

Holy basil, also known as tulsi or tulasi, is a plant with the scientific name Ocimum
tenuiflorum that is well-known for its fragrant qualities. Southeast Asia is where it is
presently farmed, but its origins are in India. Ayurvedic medications frequently include
holy basil, which is revered in Hinduism. Due to its strong flavor, which has a strengthen-
ing effect on the body, it is often used as a culinary herb. India’s remarkable biodiversity
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provides a variety of medicinal and culinary plants that are employed in Ayurveda that
no other medical system can match. However, none of the herbs used in Ayurveda have
the same status as tulsi or holy basil (Ocimum sanctum). Ayurveda is the oldest medical
system in the world and a science of life. It takes a holistic approach to health and illness,
emphasizing the promotion and maintenance of good health as well as the prevention of
disease via healthy lifestyle choices. Fresh, minimally processed food consumption, the
use of Ramayana’s (formulas) that reverse the effects of aging and disease, advanced
detoxification techniques, and regular use of adaptogenic herbs—which improve the
body’s ability to maintain balance in the face of a range of stressors—are some of these
practices. A small shrub, holy basil grows to a maximum height of 3.3 feet and has a
lifespan of up to a year. The twigs of the plant have sharp edges that run parallel to the
stem and are coated with hairs. The plant’s fragrant leaves come in a variety of colors
of green and purple. There are two different kinds of tulsi plants, Ram and Shyam, with
Ram having elliptical, vivid green leaves [4]. It is frequently utilized for spiritual rituals
and meditation, boosting self-esteem and bringing optimism into one’s life. Ram Tulsi
malas can be helpful for those with disturbed thoughts and unpredictable behavior since
they aid to foster focus and tranquility. Tulsi is a fragrant shrub that grows natively in
tropical regions of the eastern continent. It belongs to the Lamiaceae family of basil
plants (tribe ocimene). It is believed to have originated in north central India [1]. Tulsi
is regarded as an elixir of life that is unmatched for its therapeutic and spiritual qualities
in Ayurveda. It is referred to as The Incomparable One, Mother Medicine of Nature, and
The Queen of Herbs [12].

Tulsi has been included into Indian spiritual ceremonies and lifestyle practices that
offer a wide range of health advantages that are just now being verified by contempo-
rary science. According to new research on tulsi, which supports traditional Ayurvedic
knowledge, the herb is a tonic for the body, mind, and spirit that can help with a variety
of ailments. Shyam Tulsi, also called Krishna Tulsi, has pointed, purple-green leaves in
contrast. The beads created from Shyam Tulsi are thought to boost the body’s supply of
good energy and aid in reducing stress. People who wear Shyam beads are claimed to
be guided on their spiritual path and to experience material and financial riches.

Holy basil (Ocimum sanctum) and sweet basil (Ocimum basilicum) are two plants
with a long history of medicinal usage. Particularly holy basil has been utilized for
a number of things, including assisting in the treatment of heart disease and cancer
as well as enhancing skin health. The word “tulsi” means “incomparable herb” and
refers to the venerated plant tulsi, also known as holy basil. Most traditional Indian
houses and temples include at least one tulsi plant, indicating its importance to the
Hindu religion. For experimental study, here as per the (Fig. 1), Amity University Dubai
provided holy basil (Ocimum sanctum). As part of a study initiative, its botanical qualities
and its medical uses are being evaluated with the goal of examining its varied biological
characteristics and therapeutic potentialities is revered and is used in prayers to support
good health, spiritual clarity, and harmonious relationships among families narrated by
Kulkarni and Adavirao [10] Tulsi is categorized as a Rasayana in Ayurvedic medicine, a
botanical treatment said to support a person’s path to maximum wellness and increased
consciousness, ultimately resulting in a long and happy life.
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The traditional applications of holy basil have been supported by extensive scien-
tific study, which has also shown the herb’s wide range of advantageous characteristics.
Holy basil provides a variety of health benefits, including hepatoprotective, antisep-
tic in nature antidiabetic, apoptogenic, anti-inflammatory properties, radioprotective,
anticarcinogenic, immunomodulatory, neuroprotective, and cardioprotective qualities,
according to studies by Prakash and Gupta [14].

Holy basil, commonly referred to as Ocimum sanctum or Tulsi, has long been used
in traditional medicine to treat a wide range of medical issues. Bronchitis, diarrhea,
headaches, inflammation, digestive troubles, arthritis, heart problems, eye diseases, skin
conditions, poisonings, malaria, and the relief of pain from insect stings are among these
afflictions. The leaves, seeds, stalks, stem cells, buds, roots, and entire plant are just a
few of the elements of the plant that are employed therapeutically for their medicinal
characteristics [16]. Holy basil can be used to flavor traditional meals or taken internally
as herbal tea, dried powder, or fresh leaves. Additionally, it can be used externally as a
skin-contact bead.

Fig. 1. Holy basil (Ocimum sanctum) is grown at the Amity University Dubai Farm (Credit
Author)

1.1 Holy Basil According to Hinduism

Hinduism reveres holy basil, also known as ocimum sanctum, as a sacred plant and as a
representation of the goddess Lakshmi, the wife of the god Vishnu Growing a holy basil
plant is believed to bring prosperity and luck to the home, according to Hindu tradition.
The plant’s leaves are used in a variety of religious ceremony and presented to the deities
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[12]. A tulsi plant may purify the air in your home and ward off evil spirits, according to
legend. In the spiritual and cultural rituals of Hinduism, holy basil, sometimes referred
to as Tulsi, is highly revered and carries great significance. Respected and worshipped
as a symbol of devotion, purity, and spiritual protection, tulsi is highly valued.

In Hindu mythology, Tulsi has a connection with the goddess Tulsi, who is revered
as a symbol of purity and devotion. One of the main gods of Hinduism, Lord Vishnu, is
thought to have her as his consort in Hinduism. Legend has it that she was a dedicated and
unwavering follower of Vishnu, and that’s why she was transformed into the aromatic
plant known as Tulsi. The plant is known to be an effective meditation aid, and the
scent of the leaves is said to promote spiritual and mental well-being. Because of its
well-known anti-inflammatory and antioxidant qualities, holy basil is also utilized in
Ayurvedic medicine to treat a range of illnesses [7].

Growing in many homes and temples, tulsi is considered a manifestation of the
heavenly presence. Having a Tulsi plant in the house is supposed to draw blessings,
purify the air, and ward off evil spirits.

Tulsi leaves are offered to the gods and are seen as an essential part of prayers and
religious rites in Hindu festivals and festivities. For safety and spiritual purposes, Hindus
also frequently wear Tulsi beads as a necklace, or Tulsi mala. Worshiping sacred basil is
traditional in Hinduism, and it usually happens in the morning or evening. During these
rituals, the plant is usually decorated with flowers, incense, and water from the holy
Ganga River. Female family members are often in charge of watering and caring for the
plants [8]. Holy basil is not only cultivated and worshipped in temples, but it is also used
to make the hardwood stems required for creating rosaries and Japamala prayer beads.
Since these prayer beads are used to repeat mantras, they are an indispensable tool for
spiritual practice and focus.

Fig. 2. The Handmade Beads Produced at the Amity University Farm in Dubai (Credit Author)
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1.2 Rosary Beads for Prayer

Prayer beads, often called rosaries, are used by people of many different religions to recite
mantras, chants, or other kinds of prayer. Depicted in (Fig. 3). These handcrafted beads
can be made from precious stones, wood, or metal, among other materials. Praying
with the beads is made easier, as it is possible to recite mantras and prayers that are
repeated while reflecting on the joyous, dazzling, sorrowful, and beautiful secrets of
the religion. A useful tool for keeping track of prayers and strengthening spiritual ties
during meditation is the rosary. It encourages followers of the Lord to reflect on the
qualities, existence, and teachings of God by acting as a tool for prayer and meditation.
Although the word rosary is frequently linked with the Catholic faith, Muslims, Hindus,
and Buddhists also use similar prayer beads. These prayer beads are known as japa in
Sanskrit. According to Miller [11] some people think that wearing rosaries or prayer
beads might improve concentration, meditation, and spiritual development. People from
many different cultures and religions use prayer beads, which are often made of wood
or other appropriate materials, to enhance their spiritual activities and connect with the
spiritual world.

In Hinduism, prayer beads are referred to as “japa mala.” Variations are numerous,
but these malas often include 108 beads and are crafted from sandalwood, tulsi wood, or
other sacred materials. In order to track the number of times a devotee repeats a mantra or
the name of a god, they are employed during meditation and mantra recitation. Mantras
are said to help with dedication, attention, and spiritual focus as they are repeated while
going through the beads.

Islam: Prayer beads are referred to as “misbaha” or “tasbih” in Islamic language.
Muslims use them to keep note of the repetition of certain words or qualities of Allah,
such as ‘Subhan Allah’ (glories to Allah), ‘Alhamdulillah’ (giving thanks to Allah), and
‘Allahu Akbar’ (God is the Greatest). Typically, they are composed of 99 or 33 beads.
They are used for dhikr, or remembering Allah, and for seeking spiritual intimacy during
private devotions, which frequently take place after daily prayers.

Christianity: A rosary is the term used to refer to prayer beads in Christianity. The
rosary is made up of a circlet of beads with five decades, or groups of 10 beads each,
spaced apart by bigger beads. Rosary beads are used by Christians as a guide for some
prayers, such as the Hail Mary and Our Father prayers, which are repeated while reflecting
on the person, teachings, and mysteries of Jesus Christ. Catholics and members of some
other Christian religions use the rosary as a tool for devotion and meditation.



54 A. Kottangal

Fig. 3. Rosary all throughout the world (Credit Author)

According to [20] study findings, beads have been used as meditative and mystical
instruments throughout a wide range of spiritual and supernatural traditions. The use of
prayer beads in Catholic tradition, notably during the recitation of the rosary, is a notable
illustration of their spiritual value. Similar to how japamala’s are used in other traditions
for meditation and prayer, each bead in this practice represents a distinct prayer and is
numbered in a precise order. Prayer beads are a long-standing practice in some branches
of Judaism, with each bead or knot standing in for one of the Psalms. In various spiritual
pursuits, such as the Islamic custom of using misbaha beads to recite Allah’s 99 names,
beads are further used [11].

1.3 Exploring Hinduism’s Rich Traditions: A Cultural Insights

Hinduism places a lot of emphasis on the use of the Japamala, often known as a rosary,
which is a useful instrument for keeping track of the mantras chanted during prayers.
These rosaries generally consist of 108 wooden beads that have been carefully strung
together in a circle to represent the Hindu philosophy’s faith in the endless cycle of
birth and rebirth [11]. Among these beads, one stands out for its size and frequently
serves as a starting or stopping point for the spiritual exercise. The mantra and God
that a practitioner chooses might differ greatly throughout the several Hindu faiths. For
instance, members of the Hare Krishna group prefer tulsi beads, which they use to sing
the holy names of Lord Krishna. Other Hindu communities, on the other hand, can
choose to use these beads to pronounce the names of their own deities. Some people
think that depending the beads may take on different energies according on the mantras
spoken. Because of this, a lot of individuals own a variety of rosaries, each designed for
a certain kind of meditation. Beyond the confines of Hinduism, prayer beads are widely
used in Buddhism, Islam, and Christianity, among other religions.

Prayer beads serve as useful instructions, helping followers in maintaining a con-
sistent concentration and attention on their meditation and prayer practices. Buddhist
malas which, depending on the sect, might contain 108 or 27 beads allow wearers to
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keep track of their prayers and mantra repetitions and promote a deeper engagement with
their spiritual activities. The misbahah, or prayer beads, are similar in that they are used
in Islam for both repeating the 99 names of Allah and for dhikr, or remembering God.
Christians have also used prayer beads for a very long time, most famously in the form
of the rosary. A rosary, which has a particular bead arrangement and promotes focus and
devotion, can be used to recite the prayer for the Lord and other sacred prayers. Beads of
prayer serve as a connecting thread throughout these diverse spiritual practices, facili-
tating a deep connection with God and serving as a grounding force to keep followers in
the here and now. Bead counting and the intonation of religious words create a thythmic
process that unites people from many spiritual traditions in their desire for inner calm,
spiritual development, and greater attentiveness in their daily lives.

1.4 In Exploring Bhuddhism Rich Traditions: A Cultural Insights

A tradition known as japamala’s, which involves using prayer beads, has endured
throughout the history of Buddhism and is a priceless assistance to meditation and
spiritual devotion. Although it is particularly common among Tibetan Buddhists, this
tradition has Hindu roots but has been modified to fit Buddhist norms. A standard mala
is made up of 108 beads, which stand in for all of humanity’s many earthly aspirations.
These malas frequently include a tassel or amulet at the end, which increases their value.
These beads’ main use is to make counting mantras easier during worship or medita-
tion periods [5]. Each bead signifies the recitation of a mantra, aiding practitioners in
maintaining focus and devotion throughout their spiritual practice. Making a japamala
requires careful consideration of the materials, colors, and meditational goal.

Metals, seeds, shells, Bodhi wood, and a variety of other items may all be utilized
to make malas. They come in a variety of hues. The choice of reading material depends
on the practitioner’s personal meditation goals and focus. The Bodhi tree, for instance,
is of enormous significance and is regularly used in the manufacturing of these prayer
beads. The Buddha is said to have gained enlightenment therein. Tulsi plant beads are
extremely revered as they are crafted from the sacred tulsi plant, which is recognized
as the holiest plant in many Buddhist traditions. In general, Japamala’s are an intricate
web of Buddhist spiritual practice that blends mindfulness, dedication, and symbolism
to provide searchers with a useful tool for achieving enlightenment and inner peace.

1.5 In Exploring Christianity’s Rich Traditions: A Cultural Insights

Eastern Christian monks were the first to employ prayer beads in Christianity, which
began in the third century. Within the Christian religion, rosary styles have changed over
time. The rosary has become a widely used tool for both individual and public devotion in
Catholicism. One of the most popular rosaries in Christianity is the Holy Virgin Rosary,
which is dedicated to Mary. During Christian prayer, a chaplet or rosary—made of beads
strung together in rows known as many years is used. Each decade is made up of 10
tiny beads that are separated by a larger bead. The two ends of the chaplet are joined
by a thread that is decorated with a cross consisting of two big and three little beads.
The rosary is highly valued in Christianity as a potent tool for spiritual development and
meditation [21]. By reciting prayers, reflecting on crucial moments in Christ’s life, and



56 A. Kottangal

thinking about the mysteries of faith, Christians utilize the rosary as a tool to deepen
their relationship with God and foster spiritual growth. Christians may worship and think
in a flexible and enduring manner thanks to this practice. It entails both public rosary
recitation at gatherings and solitary devotions [21].

1.6 In Exploring Islamic Rich Traditions: A Cultural Insights

Muslims may use rosary beads, a practice called in Islam as tasbih, to keep track of
the recitation of specific phrases and prayers, particularly the 99 names of Allah. The
classic Islamic rosary consists of 99 beads, each of which stands for a name of Allah,
plus an extra, larger bead called the alif, which depicts God’s completeness. Muslims
usually carry these rosaries with them, using them for various spiritual activities such
prayer, meditation, and Quran recitation [9]. A subha or misbaha is a smaller version
of the Islamic rosary. This version, with its thirty-three beads, is suitable for shorter
prayer sessions or moments of contemplation. Hajjis, or pilgrims traveling to Mecca,
also have a habit of purchasing rosaries as precious gifts to give to others throughout their
holy journey. Some Sufi organizations integrate the practice of dhikr, which comprises
the repeating invocation of God’s name, into their spiritual practices in addition to the
traditional usage of rosary beads for prayer [16]. Making use of rosaries helps to increase
mental clarity and develops a close relationship with God. As a result, the rosary plays
an important and cherished part in Islamic tradition, serving as a concrete link between
the practitioner and their inner and spiritual path of devotion.

2 A Step-By-Step Guide: Followed by the Procedure

There was no need to pay for any raw materials because the Tulsi stems used in the
procedure came from the Amity farm. The stems were chopped into comparable sizes
using a power hacksaw cutting machine, which generated clean cuts, to guarantee size
consistency. Before being employed for the real operation, the machines underwent
testing with tiny samples to guarantee the cutting process’ precision [17]. The stems were
ground prior to cutting using an industrial-grade Ford Bench Grinder, which effectively
grinds utilizing grinding stones. The stems were uniform in size and shape thanks to
the machine, which also assisted in preparing them for cutting. The tulsi stems were cut
with a power hacksaw (Fig. 6) to the correct size and polished before being let too dry
in the sun for two hours. This process was necessary to get rid of any moisture from the
stems that would have impacted the final product’s quality. A cheap and environmentally
friendly way to make sure the stems were totally dried before further processing was to
sun-dry them. The stems were prepared for the following step of manufacturing when
the drying process was finished.
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Fig. 4. Sesame oil being applied on beads (Credit Author)

After the stem parts were chopped and polished, they underwent a number of steps
to become minimal beads, including two hours of sun drying, 24 h of soaking in sesame
oil shown in (Fig. 4) to improve their durability and brightness, and one day of additional
sun drying to let the beads to absorb the oil. Twenty milliliters of sesame oil were used
for each mala. The prepared beads were then strung together with a 109th bead called
Sumeru within a sturdy rope or natural thread. A mala typically has 108 beads, and the
109th and 109th beads serve as its starting and stopping points [19].

The tulsi stem parts were normally beaded together using only pure cotton threads,
and the mala was then finished by adding tassels to the end of the thread shown in
(Fig. 2) after the last bead was strung on. Overall, to produce a lovely and useful mala,
this method needed a lot of perseverance, expertise, and attention to detail.
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Fig. 5. Using an electronic scale to be weighing the crafted japa mala (Credit Author)

As per the (Chart 1) Each japamala had a cost sheet created for it that included the
price of labor, raw materials, and overhead costs. Since the tulsi stems came straight
from the Amity farm, the cost of them as raw materials were nothing whatsoever. Based
on current labor rates, the cost of cutting, polishing, and beading the tulsi stems into a
japa mala was calculated. Additionally taken into account were overhead expenditures
like power and maintenance fees for the equipment. so even for the total expenses for
one japamala the labor and machinery is mentioned in percentage 50%, tulsi 8% sesame
0il 30% thread 12% so the information that follows down is the expected itemization of
costs in United Arab Emirates Dirham (AED) for one japamala: Labor and machinery:
50%, Tulsi (raw material): 8%, Sesame oil: 30%, Thread: 12% The breakdown would
be as follows, assuming that the entire cost of making one japamala is 25AED then the
Labor and machinery (50% of 25 AED): 12.5 AED, Tulsi (8% of 25 AED): 2 AED,
Sesame oil (30% of 25 AED): 7.5AED, Thread (12% of 25AED): 3 AED. Based on
these percentages, the approximate total cost for one japamala would be AED 25, with
each expense being assigned as mentioned.
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Fig. 6. Cutting and the processing with the tools (Credit Author)

The price of making one japa mala was established after considering every expendi-
ture involved. When figuring out the price, the size of each bead was taken into consider-
ation. The length of the japa mala is 38 cm, and the dimensions of each bead are 0.5 cm
in length and 0.5 cm in breadth. When weighed using an electronic weighing machine
(Fig. 5) one japamala weighed around 7.8 gms in total. Depending on the color of the
Tulsi plant used, distinct japa malas were priced accordingly. Tulsi malas were offered
in black, brown, and sandalwood hues, with prices ranging somewhat for each. The cost
sheet was created to make sure the japa malas could be manufactured effectively and
supplied for a fair price without sacrificing the quality of the final product.
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100% Expense

Sesame Oil
30%

Base Material- Tulsi m Sesame Oil

M Thread = Labour and Machinery charge

Chart 1 The expense list of this project.

3 The Importance of Wearing a Tulsi Mala as a Necklace
and the Health Benefits

In Indian culture and religion, tulsi holds a unique position and is revered as a sacred
herb. The presence of tulsi in a home is said to bring benefits and cleanliness. The herb
has applications in Ayurveda and is also said to possess therapeutic qualities. Crafted
from Tulsi wood or seeds, the Tulsi Mala is a powerful tool for spiritual development
that is used for chanting prayers and mantras. It is said that chanting with a Tulsi mala
may help one become more spiritually connected and cleanse their body and mind. Tulsi
malas are highly valued and used often in Hinduism and other Indian faiths. In addition,
tulsi malas are said to have remarkable healing properties both mentally and physically,
to help focus the mind during prayer, and to encourage spiritual awakening. The Tulsi
plant has been used in Ayurvedic medicine since ancient times because it is believed to
have several medicinal effects. The intoxicating scent of the plant is supposed to soothe
the mind, and saying while grasping Tulsi Mala beads is supposed to cleanse the soul.
Thus, the Tulsi Mala is not just a religious object but also a symbol of spiritual health
and healing.

A spiritual item fashioned of Tulsi wood; the Tulsi Mala normally has 108 beads tied
together on a strong thread. A bigger Tulsi bead or the Sumeru bead, the 109th bead, is
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also included. These beads can be made of the same or different materials, such metal or
gemstones. One counts the beads on the Tulsi Mala by beginning at the bead next to the
Sumeru bead and going all the way around. To prevent crossing the Sumeru bead during
prayers, the Tulsi Mala must be counted in the opposite direction before doing another
circuit [14]. The Tulsi Mala is a crucial piece of equipment for religious chanting and is
revered as a holy item with exceptional abilities for both spiritual and physical healing.
Hindu Vedas claim that as a person crosses the Sumeru bead, the energy contained in
the mantras that have been held in the mala is released. Therefore, it is advised while
wearing the Japa mala for prayer to avoid overlapping the Sumeru bead. Additionally,
it is suggested against touching the mala with the forefinger since that finger is said to
represent the ego and against setting the mala on the ground because doing so may sap
its energy. Depending on the kind of Tulsi plant used, the Tulsi Mala can be found in
black, sandalwood, or brown hues and forms. In general, Hinduism holds that the Tulsi
Mala possesses great spiritual and curative abilities.

Wearing a Tulsi mala is said to give protection from negative energy, help avoid
accidents, bad nightmares, tragedies, and even harm to one’s body. According to Hindu
legend, wearing a Tulsi mala at the moment of death might stop the soul from traveling
to an undesirable place after death [13]. The Tulsi mala’s power is thought to provide
spiritual advantages as well, including enhancing general wellbeing and sharpening
meditation focus in addition to physical protection. Tulsi is said to have Ayurvedic
medicinal characteristics that may guard against a variety of illnesses, especially those
that affect the throat, such allergies. It could also help to improve brain function and
memory. You may promote spiritual purity, feel more at ease and protected from negative
influences by wearing a Tulsi mala. Ayurveda considers it very beneficial for treating
throat infections. In addition to its benefits for mental and emotional wellness, the Tulsi
mala offers several advantages for physical health. It is widely known to improve the
function of the kidneys, reduce stress, and cleanse the body. Tulsi beads help regulate
illnesses like diabetes and high blood pressure by eliminating harmful substances from
our bodies when they come into contact with them. It also effectively treats throat
infections and decreases blood cholesterol. It is believed that those who wear Tulsi
malas will be directed toward a greater understanding of spirituality and life.

4 Conclusion

These days, tulsi is considered an adaptogenic herb, one that helps the body overcome
a range of difficulties while reinforcing the immune system. Traditional Chinese and
Ayurvedic medicine has employed a family of herbs called adaptogens for thousands
of years to promote overall health and reduce the negative effects of stress and anxiety.
Tulsi is a well-known remedy in modern medicine for helping the body cope with a range
of physical and mental diseases, including boosting immune function and reducing
inflammation, because of its adaptogenic properties. Tulsi is frequently considered a
heavenly plant in Hinduism with both medicinal and mystical uses. It is regarded as the
queen of plants and is worshipped as an idol in India. The 108 Tulsi beads and one extra,
bigger bead called the Sumeru bead make up the Tulsi Mala, a spiritual instrument. It is
said to have amazing spiritual and therapeutic qualities as well as aid with prayer focus.
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The Tulsi Mala is traditionally created with a great deal of care and devotion, and Indian
culture is deeply linked with its use. The Sumeru bead, sometimes called the Bindu, is
the center bead of the Tulsi Mala and has a larger diameter than the other beads.

Tulsi beads are made from the stem of the tulsi plant. The wood, branches, and
roots are then let to cure in the sun. After curing, the pieces are hand-cut into smooth,
spherical forms. Before the beads are strung onto the thread, they are punctured with
a needle. A Tulsi Mala is made with great care and attention to every last detail. A
stunning and long-lasting mala is made by stringing together pierced beads with natural
threads. To improve the mala’s visual attractiveness, elaborate patterns can be added.
It is thought that wearing a Tulsi Mala will bring the person luck and wealth. It is also
well recognized to possess therapeutic qualities that help treat throat infections, fevers,
and coughs. One might benefit not just spiritually but also physiologically from wearing
a Tulsi mala. Tulsi is said to cleanse the energy field that surrounds a person, and its
pleasant perfume is thought to stimulate feelings of divine presence. To demonstrate the
great healing power of Tulsi for the mind and spirit, which is known to offer many health
advantages, our designs use genuine and sacred Tulsi stems that are collected from the
Amity University Dubai farm.

5 Opertunities for Future Work

It could be important to examine the conservation of religious customs while utilizing
revolutionary design and production methods further. Examine how other sacred items
or rituals are changed in modern contexts without losing their spiritual meaning, based
on the principles of cultural innovation and preservation. In order to increase knowl-
edge, interdisciplinary research covering areas like anthropology, religion, design, and
engineering should be promoted, according to Multidisciplinary Research. This can
entail working together to investigate the more general implications of these changes in
religious items.

While examining customer attitudes and behaviors about the use of historically
religious goods for modern fashion or everyday usage, market analysis and consumer
behavior are essential. Surveys and anthropological research may be used to learn how
people see and appreciate these altered sacred objects. Evaluate Ethical and Sustainable
Manufacturing Practices. Make sure that sustainable and ethical production practices
are used while preserving the spiritual essence of the items. This can involve looking at
the sources of materials, the manufacturing methods used, and the impact they had on
the environment and customs of prehistoric communities.

Emphasize community involvement and educational initiatives that seek to educate
both consumers and artists about the significance of these altered products on a spiritual
and cultural level. It is possible to develop books, seminars, or workshops to increase
understanding and appreciation. Consider how traditional things’ spiritual meaning may
be preserved or enhanced via the use of technology. Consider how modern tools or tech-
niques may improve traditional handicrafts without sacrificing their integrity. Examine
how comparable religious objects have changed throughout time in many global cul-
tural contexts. This comparative approach might provide more thorough insights into
the global patterns of combining modernity and tradition in sacred items. We might be
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able to learn more about how sacred things are evolving in contemporary culture and
cultivate a deeper awareness of their significance in terms of spirituality, culture, and
design by looking into these avenues.
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Abstract. As society has undergone a transformation in lifestyle, and loT-based
devices has become increasingly integrated into the healthcare system, a multi-
tude of applications has surfaced in modern healthcare facilities, revolutionizing
medical data processing. The market is now flooded with smart devices such as
smartwatches, smart bands, smartphones, and various wearable sensors designed
for continuous health monitoring which has led to a substantial increase in data
generation. Thereby, amplifying the data processing load on data centers, which,
in turn, presents a significant challenge for researchers. Additionally, there are
several cooperative and network-related challenges which includes but are not
limited to network utilization, power consumption, latency, and data traffic within
healthcare systems. The present paper proposes two key strategies: (1) an efficient
policy for prioritizing essential tasks and (2) executing the tasks on cloud, fog
only, and a hybrid of cloud-fog nodes. These strategies aim to enhance the Quality
of Service (QoS), time, network, and energy consumption. The performance of
the system was evaluated in terms of cloud, fog, and hybrid cloud-fog systems.
The results were verified using various datasets of sensors and cloud, fog devices.
The simulation tool WorkflowSim was employed for this study.

Keywords: HealthCare - Cloud - Fog - Sensor - Actuator

1 Introduction

The adoption of IoT devices in our daily routine has witnessed substantial growth and
continues to expand in the contemporary era [1, 2]. Presently, individuals are incorporat-
ing wearable technology to monitor an array of health metrics, such as daily step count,
blood pressure, heart rate, and calories expended [3, 4]. In the current landscape of smart
healthcare systems, wearable sensors play a pivotal role in monitoring patients’ health
status. These devices have led to a reduction in the physical presence of doctors while
also enabling the prediction of potential health issues and disease detection. Further-
more, these devices contribute to the development of smart hospitals, aid in drug-related
research, and enhance safety measures [5].

In traditional smart healthcare systems, a considerable volume of data is processed
at the cloud servers, leading to the issue of overload on cloud servers and excessive
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energy consumption, often resulting in important tasks being neglected [6]. Additionally,
the problem of redundant data in the cloud servers poses challenges, as sensors may
repeatedly capture data when there is no change in the measured parameters. This is
where fog computing comes into play, facilitating the development of efficient smart
healthcare systems. Fog computing [7] enables the elimination of redundant data, thus
expediting the analysis process and conserving valuable resources. Occasionally, bio-
sensors may capture faulty data, compromising the accuracy of physiological monitoring
and health assessments [8]. The diagnostic process relies on variations in sensor readings,
with validation involving a comparison to previously sensed data readings.

The traditional healthcare systems were using two layered architecture in which
the initial layer, biological sensors were utilized to gauge the patient’s temperature,
blood pressure, oxygen saturation, and pulse rate, assessing their overall well-being.
The second layer employed cloud servers for real-time data processing, reducing the
time required for healthcare decisions. However, there was a need to prioritize critical
tasks and expedite decision-making. To address these issues, a three-tier architecture
was proposed incorporating a fog layer in between to reduce delays and process data in
real-time.

1.1 Inspiration and Motivation

This research was prompted by prevalent challenges within the healthcare system, which
encompass issues such as delayed medical reports and medication, a shortage of per-
sonnel or caregivers, latency in addressing emergency health conditions, congestion in
cloud networks, and the occurrence of duplicate or erroneous reports following data
analysis. Table 1 outlines and delves into some of the research challenges within the
healthcare system.

All these research works served as inspiration for us to innovate a state-of-the-
art approach for managing data in intelligent healthcare systems. We have established
specific objectives for this innovation, which are discussed below:

e Designing a smart healthcare system for hospitals using wearable sensors to monitor
patients.

e Prioritizing the very critical tasks and processing them on the cloud-fog hybrid system.

e Analyzing the results on cloud, fog only, and hybrid cloud-fog architectures.

2 Architecture

The proposed design consisted of three distinct layers: sensor layer, fog layer, and cloud
layer. The seamless transfer of data between these layers was achieved through wired
or wireless networks, facilitating data transformation. Data processing initiated at the
lower layer and propagated to both the upper tiers and vice versa.

The first layer incorporated a variety of sensors, including body temperature sensors,
sphygmomanometer sensors, amperometry glucose sensor, infrared pulse oximeter sen-
sor etc. which were used to monitor temperature, blood pressure, blood glucose, pulse
rate and oxygen levels respectively. Patient data collected by these wearable sensors was
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Table 1: Comparing existing and proposed approaches in healthcare systems

References | Year | Task Priority | Time | Network | Energy Scheduling environment | Comparison
scheduling utilization | consumption Fog | Cloud | Cloud-fog Wit}ll other
only | only environment
(s)
Aryaand | 2017 | Yes Yes No | No No No | Yes No No
Dave [9]
Aladwani | 2019 | Yes Yes No No No No | Yes No Yes
[10]
Hassan 2020 | Yes Yes Yes | No Yes Yes | Yes No No
etal. [11]
Haque 2021 | Yes Yes Yes | No Yes No | Yes No Yes
etal. [12]
Tjazetal. | 2021 | Yes No No | No Yes No | Yes No No
[13]
Madhura | 2021 | Yes Yes No | No No Yes | No No No
etal. [14]
Xuetal. 2021 | Yes Yes No No Yes Yes | No No No
[15]
Abdel 2021 | Yes No Yes | No No Yes | No No Yes
etal. [16]
Liu et al. 2022 | Yes No No No Yes No | Yes No No
[17]
Bansal and | 2022 | Yes Yes Yes | Yes Yes No | Yes No Yes
Aggarwal
[18]
Chenetal. | 2023 | Yes Yes No No Yes No | Yes No Yes
[19]
Our work | 2023 | Yes Yes Yes | Yes Yes Yes | Yes Yes Yes

expressed in specific units, such as oxygen percentage (%), glucose level (mg/dL), blood
pressure (mm Hg), and body temperature (°F).

The middle layer of the proposed architecture accommodated numerous fog devices,
including fog nodes, fog modules, and various interconnected hardware components.
The top layer of the architecture was dedicated to database and cloud storage services.
Beyond offering storage solutions, the cloud layer also provided computational resources
for data-intensive processing tasks. Figure 1 (above) illustrates the distinct layers of the
architecture, data flow connections, and associated devices.
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Fig. 1. The flow of data between all the layers of the architecture

3 Use Cases of Work in Healthcare Sector

This section illustrates various cases of applicability of cloud-fog systems, with several
examples discussed in the following section.

3.1 Case: 1

In the simulation scenario, we integrated varying numbers of sensors deployed across
multiple hospital wards to detect a range of signals generated by these sensors. These
signal values were regularly transmitted to the fog layer for processing. The master fog
layer conducted the analysis, and the corresponding fog modules examined the incoming
values, determining if any action was needed, and generating an appropriate response.

The quantity of sensors across all priority levels could be adjusted as needed based on
the task volume. To distinguish individual patients, we employed specific index numbers
and their associated data, as illustrated in Fig. 2. The calculated value was transmitted
to both the master fog device and the linked cloud. The actuator node, connected to the
sensor, received the action value from the master fog device. Furthermore, the outcome
value was stored in the cloud for future use.

3.2 Case:2

In another case, you may access the patient’s oxygen range with the use of smart sensors.
For example, sensors detect the patient’s oxygen levels and transmit this information to
the upper tier. No action is necessary if the sensed value falls within the safe range,
specifically between 94 and 100%. However, if the oxygen level is detected to be in a
dangerous range (below 94%), the tier-3 fog module will activate and send an action
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Fig. 2. An innovative smart hospital management solution in development

request to the associated actuator device. Actuators, which perform mechanical tasks in
proximity to the patient or user, essentially consist of mechanical motors. In this specific
case, an actuator can be employed to open the valve on an oxygen (O2) cylinder. Such
applications can be utilized by a smart healthcare system to potentially save patients’
lives.

4 Simulation Work

The WorkflowSim simulation toolkit, an extension of the CloudSim toolkit designed for
cloud-fog-based systems, was utilized to implement the proposed system. The complete
package, including all the necessary tools and libraries, was installed on the laptop to
streamline the creation of cloud-fog-based smart healthcare systems. Table 2 provides a
comprehensive list of the hardware and software tools used in this setup.

Table 2. Overview of software tools used

Software Description

IDE Eclipse 2021-06
Simulation tool Workflowsim
Simulator version 3.0.3
Programming language Java
Development kit JDK 1.8
Operating system Big Sur 11.5.1
RAM 8 GB
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In the simulation, variables representing sensors, wards, cloud, and fog devices were
established. In our case, three distinct wards were designated, each connected to a single
fog node. Initially, all three sensors collected data and transmitted the sensed values
to the master fog device, which subsequently relayed data to the corresponding fog
modules. The policies used to create the simulation environment are described in the
article [20]. These policies included simulating different scenarios to assess network
utilization, energy consumption, expenses, and variations in the number of sensor nodes
per fog device. Algorithm 1 delineates the steps involved in implementing the cloud-
fog computing-based architecture. Three separate lists were initiated for very critical,
critical, and normal tasks, each connected to the master fog module and the cloud servers.

Algorithm 1: Fog Based sensor-actuator decision system with First Come First Server
(FCFS) scheduling

1. Build fog broker

2. Create Application

3. Create Cloud, Fog devices, Actuator, Proxy server
4. int i=5

5. for i=0 to No. of FogDevicemaxdo

6. Create fog devices

7. Jfor i=0 to No.ofSensorswl do

8. Create Sensors
end

9. end
10. Add Modules (CloudOnly, FogOnly, HybridCF)

11. Defining data dependencies by creating edges between the application modules:
Ward 2 Master Module/Fog Module 2 Master Module/Cloud Module = Actuator
12. Module mapping

13. Tuple mapping
14. Submit application
15. Start WorkflowSim

All the operations conducted within the WorkflowSim toolkit were referred to as
‘tuples.” These tuples were generated by connected sensors and processed by Virtual
Machines (VMs) situated at the Fog nodes. Each VM was configured to process a
specific type of tuple. The Fog devices supplied the necessary computational resource
for the application modules to perform their tasks. In our proposed architecture, a First
Come First Serve (FCFS) scheduling strategy was employed to allocate tasks to the
application modules.
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As the number of sensors per Fog node increased, there was a corresponding esca-
lation in the processing load on that particular fog node. The resources of each fog node
were heavily utilized for task detection for an expanded number of patients, leading to
heightened network utilization and increased power consumption for that specific fog
node. To evaluate performance and alleviate the computational burden on the fog nodes,
a hybrid cloud-fog architecture with a critical task’s priority algorithm was introduced.

The parameter settings for the sensors, master fog, fog nodes, proxy server, and
cloud—all of which are used in simulation—are shown in Table 3. As described in more
detail below, these settings covered a variety of factors, including levels, RAM, million
instructions per second (MIPS), upstream and downstream bandwidth, CPU length, idle
power, busy power, and more.

Table3: Parameter settings for cloud and fog-based implementations

Parameters Sensor | Master node | Fognode |Proxy server | Cloud
Level 3 2 2 1 0

Ram 1000 4000 4000 4000 40,000
CPU length (MIPS) 500 2800 2800 2800 44,800
Rate per MIPS 0 0 0 0 0.01

Idle power 82.44 83.43 83.4333 83.4333 16 *83.25
Downlink bandwidth - 10,000 10,000 10,000 10,000
Uplink bandwidth 10,000 | 10,000 10,000 10,000 1000
Busy power (in Watts) | 87.53 107.339 107.339 107.339 16 * 103

5 Simulation Result and Discussion

In order to corroborate the outcomes of the suggested cloud, fog, and cloud-fog hybrid
architectures, a comparative analysis was conducted between the cloud, fog-only, and
hybrid cloud-fog systems with critical task priority. This examination focused on assess-
ing parameters related to network consumption and energy utilization. Various simula-
tions were executed to scrutinize performance of the proposed system, comparing the
results achieved by cloud, fog-only, and hybrid cloud-fog systems. We employed an
equal number of cloud and fog devices, totalling five. The results of the architecture
with varying numbers of sensors and different flow scenarios, including cloud, fog-only,
and cloud-fog, are presented in Table 4 below.
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Table 4: Results of cloud, fog and hybrid cloud-fog system at different number of sensors

Number | Cloud only Fog only Cloud-fog
of
Sensors
3 2591.82 | 813.66 | 105.44 - - - - - -

5 1494.03 | 1361.04 | 101.67 - - - - - -

10 734.04 | 2121.03 | 77.85 - - - - - -

15 286.66 | 3218.82 | 46.14 - - - - - -

3 - - - 3174.62 | 733.709 | 116.46 - - -

5 - - - 159691 | 1174.86 | 93.81 - - -

10 - - - 622.13 | 2241.89 | 69.74 - - -

15 - - - 227.44 13927.62 | 44.66 - - -

3 - - - - - - 1922.15 | 515.79 |59.49
5 - - - - - - 1030.31 | 845.30 |52.26
10 - - - - - - 452.06 | 1454.31 | 39.45
15 - - - - - - 171.37 | 2382.15 | 24.49

Time Network | Energy | Time Network | Energy | Time Network | Energy

5.1 Comparative Results at Cloud Only

To assess the performance of the cloud, simulations were conducted across various
numbers of sensors and cloud servers. The number of sensors is represented on the x-
axis, while time, network data utilization, and energy in the cloud are depicted on the
y-axis. Energy results are presented in Decijoule (10—1 J) units for better visibility in
the bar graph.

Figure 3 illustrates that with 3, 5, 10, and 15 sensors, the values of network, energy,
and time at the cloud server. Network data utilization at 10 and 15 sensors is 5.70% and
22.02% better when compared to fog servers, but at 3 and 5 sensors, the results showed
a 9.83% and 13.68% decrease compared to fog servers. Similarly, when employing 3
sensors, energy utilization is 10.45% better than with fog nodes, while for 5, 10, and 15
sensors, the results decreased by 7.74%, 10.42%, and 3.19%, respectively.

Finally, in the case of 3 and 5 sensors with the cloud server, it resulted in a 22.49%
and 6.89% improvement in energy comparison, but the results decreased for 10 and 15
Sensors.
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Fig. 3. Time, energy and network consumption in cloud servers only

5.2 Comparative Results at Fog Only

To evaluate cloud performance, simulations were conducted across a range of sensor
configurations at the fog server. The number of sensors is plotted on the x-axis, while
network data utilization, energy, and time in the fog are displayed on the y-axis. Energy
results are presented in Decijoule (10—1 J) units to enhance their visibility in the bar
graph.

Figure 4 reveals that, with 3, 5, 10, and 15 sensors, data values for network, energy,
and time are observed at the fog-only server. Network data utilization with 10 and 15
sensors outperformed fog servers by 5.39 and 18.05%, whereas with 3 and 5 sensors,
there is a 10.90 and 15.85% reduction compared to cloud servers. Due to the limited
computational power of fog nodes, the results are degraded initially. Similarly, when
using 5, 10, and 15 sensors, energy utilization is 8.38, 11.63, and 3.29% more efficient
than with cloud servers, while for 3 sensors, the results declined by 9.46%.

In the case of 10 and 15 sensors with the fog nodes, there is a 17.99 and 26.04%
improvement in time, but the results deteriorated for 3 and 5 sensors.
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Fig. 4. Time, energy and network consumption in fog servers only

The results indicate that certain parameter values show higher utilization in cloud-
only systems, while others are more prominent in fog-based systems.

5.3 Comparative Results at Cloud-Fog

To assess cloud-fog performance, simulations were executed using various sensor con-
figurations with cloud-fog systems. The number of sensors is depicted on the x-axis,
while network data utilization, energy consumption, and time within the fog are rep-
resented on the y-axis. The energy results are quantified in Decijoule (10—1 J) units to
enhance visibility in the bar graph.

Figure 5 demonstrates that, with 3, 5, 10, and 15 sensors, data values for network,
energy, and time are observed in the cloud-fog hybrid system. Network data utilization
is superior with 3, 5, 10, and 15 sensors, surpassing fog servers by 29.70, 28.05, 35.13,
and 39.35%, while for 3, 5, 10, and 15 sensors, the results increased by 36.61, 37.89,
31.43, and 25.99% compared to cloud servers.

Similarly, when employing 3, 5, 10, and 15 sensors, energy utilization is 48.92,
44.29, 43.44, and 45.16% more efficient than fog servers, whereas for 3, 5, 10, and 15
sensors, the results increased by 43.59, 48.60, 49.33, and 46.91% for cloud. In the case
of 3, 5, 10, and 15 sensors with the fog nodes, there was a 39.45, 35.48, 27.34, and
24.65% improvement in time. The results for 3, 5, 10, and 15 sensors were 25.84, 31.04,
38.42, and 40.22% better in cloud only.
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6 Conclusion and Future Works

We implemented an architecture that combined cloud, fog-only, and a hybrid of cloud-
fog systems to collect data from sensors, giving priority to highly critical tasks within
the cloud-fog hybrid system. Following data processing, appropriate feedback was
dispatched to actuators, enabling swift responses to any patient issues. Our approach
revealed a prioritization of very critical tasks over critical and normal ones.

The simulation results demonstrates that the hybrid cloud-fog system outperforms
both the cloud-only and fog-only systems in terms of time, energy efficiency, and network
utilization. Specifically, with 3, 5, 10, and 15 sensors, the hybrid cloud-fog system
exhibited time improvements of 39.45%, 35.48%, 27.34%, and 24.65%, respectively. In
terms of energy utilization, the hybrid system is 48.92%, 44.29%, 43.44%, and 45.16%
more efficient than the fog-only system for the same sensor quantities. Similarly, for
3,5, 10, and 15 sensors, energy efficiency increased by 43.59%, 48.60%, 49.33%, and
46.91% when compared to the cloud-only system.

Moreover, the results indicate that the cloud-fog system outperforms fog-only sys-
tems by 29.70, 28.05, 35.13, and 39.35% for the respective sensor quantities, while
surpassing cloud-only systems by 36.61, 37.89, 31.43, and 25.99%. In conclusion, our
findings highlight the superior performance of the hybrid cloud-fog system compared
to cloud and fog-only systems.

For future work, we aim to incorporate additional quality-of-service parameters,
such as latency, sensor lifetime, and scheduling algorithms, into the architecture.
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Abstract. The present study aimed to examine the effects of Road Building Inter-
national (RBI) Grade-81 stabilizer, a revolutionary inorganic and eco-friendly
additive, on the engineering properties of sandy soil. For this, various performance
evaluation experiments such as Compaction, Unconfined Compression Strength
(UCS), Permeability, and California Bearing Ratio (CBR) were carried out. The
different dosages of RBI grade-81 used in the present study were 2, 4, 6, and 8%.
In the test result of compaction characteristics, it was found that the RBI Grade-81
stabilizer decreased maximum dry density and increased the optimum moisture
content of the soil samples. The maximum reduction in permeability value was
found to be 71% at 6% RBI Grade-81. The UCS value of the soil at 6% RBI
Grade-81 was two times higher with respect to the untreated soil at curing period
of 14 days. Further, the UCS values increased proportionally to the curing periods.
The CBR value of the stabilized soil under unsoaking and soaking states increased
significantly with the stabilizer. The maximum increase in CBR values at 6% RBI
Grade-81 were 48.22% and 58.65% respectively for soaking and unsoaking con-
ditions. In concluding remark, RBI Grade-81 can be optimized up to 6% as a
promising stabilizer, especially for heavy rainfall areas like Arunachal Pradesh
state region and sandy subgrade.

Keywords: RBI Grade-81 - Compaction - Unconfined compressive strength -
Permeability

1 Introduction

Construction of pavements is done by passing through different locations having different
soil types and different weather conditions. For such kind of road construction, stabiliza-
tion of weak soils is required to improve its strength, durability, and load-bearing capac-
ity. Soil stabilization is a practical process to upgrade the engineering properties of the
soils by blending and mixing other materials. Several researchers have explored various
soil stabilization techniques using different stabilizers (e.g., lime, bitumen, fiber, cement,
pozzolana, fly ash, tire, glass, fiber, zeolite) for many years to investigate geotechnical
properties of soils [1-9].

Al-Swaidani et al. [2] found that the addition of pozzolona on lime-treated clay
enhanced significantly the CBR value by up to 90%. The test results of micrographs
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also showed the existence of C-S-H and C-A-S-H in treated soils, due to which the
workability, strength compaction, and shrinkage properties of the treated soil improved.
Choobbasti and Kutanaei [7] conducted a similar kind of study on cemented-stabilized
sandy soil with nano-silica stabilizer. They found that the UCS value increased till 8%
of nano-silica content and then dropped down with the rise in the stabilizer content
from 8 to 12%. It was also found that the soil samples with longer curing periods
exhibited higher UCS values for all nano-silica contents. Further, The X-ray diffraction
results showed the appearance of micro-cracks in the soil samples. Brahmachary and
Rokonuzzaman [5] stabilized organic soil with various percentages of bamboo fiber.
With the increase in length, diameter, and dosage of the fiber, the CBR value, under
soaking and unsoaking conditions, was increased [5]. Singh and Mittal [9] conducted
an experimental examination of the stabilization of silty soil using different contents
of plastic waste. They found that increase of plastic waste dosage to the soil samples
showed drastically increment in UCS and OMC values (by 3-13%), and marginal effect
on MDD (0.06-0.23%). Aryal and Kolay [3] experimented durability property of silty
soil which was stabilized with two stabilizers i.e., Cement and polypropylene fiber. The
best combination in terms of economical and durability was 5% cement + 0.5% fibre
mixture. Beena and Santhosh [4] evaluated the impact of lime and Jarofix additives
on various mechanical properties of the red soil. They concluded that the soil may be
stabilised using 40-50% Jaofix and 7.5% lime without compromising the UCS and CBR
criteria or polluting the ecosystem.

However, all the above-mentioned soil stabilization techniques have some limita-
tions which are well documented in the review article by Firoozi et al. [10]. In such
cases, the soil stabilization technique using RBI Grade-81 stabilizer is considered to
be an alternative because the stabilizer has a broad scale of response spectrum [11].
The RBI Grade-81, considered one of the promising stabilizers in the recent past, is
an environmental-friendly and natural soil additive that can alter characteristics of the
soils to improve the performance of pavement subgrade [12]. This stabilizer functions
effectively via hydration process [13]. It is a good material for reducing the costs of
flexible pavement constructions [14].

Some studies have reported RBI Grade-81 usage as a stabilizer in stabilizing clayey
subgrade soil [11-13, 15-19]. Gunturi et.al. [15] conducted a micro-level investigation of
expansive Soil stabilised with RBI Grade-81. Reduced soil pores were seen in Scanning
Electron Microscope (SEM) micrographs, and this structural alteration at the micro level
indicated an increase in the UCS values. Similar findings were seen in Taib et al. [18]
study. The UCS value improved as proportion of the stabiliser and curing time increased
[15]. Taib et al. [18] evaluated the strength characteristics of Serian soil stabilized with
RBI Grade-81 stabilizer. They found that the UCS attained at 8% of RBI Grade-81 after
a 14-day curing period was 6.0 times more than that of the untreated soil. Kodicherla
and Nandyala [12] found that the CBR value increased with increase in percentages of
the stabiliser. The UCS value of the clayey soil stabilized at 8% of RBI Grade-81 was
3-3.5 times more than that of the untreated. A similar study was conducted by Kumar
and Solanki [16], wherein it was concluded that RBI Grade-81 with a maximum of 5%
might optimise mechanical properties of the clayey soil, which could then be employed
as the subgrade. Jala and Sharma [11] studied the impact of RBI Grade-81stabilizer
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along with Cement Kiln Dust (CKD) on mechanical properties of plastic clay. Plasticity
of the clayey soil was reduced, and UCS and CBR values increased when the soil was
stabilized with CKD and RBI Grade-81. They also recommended using up to 4% RBI
Grade-81 and 15% CKD in subgrade soil for roads in rural areas [11]. RBI Grade-81
and fly ash stabilisers were used to stabilise clay, and it was observed that the addition of
these stabilizers enhanced OMC value and lowered MDD value of the soil [13]. Further,
they proposed that the optimal ratio for building a sub-base course for roads was 5:20:75
(RBI Grade-81:Fly ash: Soil). Mallick and Verma [17] conducted a thorough laboratory
experiment to see the performance of coal mine overburden stabilised with RBI Grade-81
stabilizer. They found that addition of the stabilizer enhanced UCS, CBR and dynamic
Young’s modulus values of all composites. Further, it was observed that the composite
(94%Murrum + 6%RBI) exhibited a satisfactory performance in term of strength gain.
The impacts of RBI Grade-81 stabilizer on the expanding soil strength parameters were
investigated by Venugopal et al. [19]. According to their findings, the maximum increase
in CBR value were 9.8% for a soaked condition and 24.02% for an unsoaked condition.

Based on the above literature, it is observed that all researches were concentrated on
expansive soil (i.e., clayey soil) only. This motivated the authors to examine the effects
of Road Building International (RBI) Grade-81 stabilizer on the geotechnical properties
of locally available sandy soil.

2 Materials and Method

2.1 Soil

The soil was gathered from an open excavation that was about 1.0 m below the level
of the road near Joram—Palin—Sangram—Koloraing Road, Arunachal Pradesh state,
India. The soil was dried by air, ground, and then stored in airtight containers in the
lab. The Indian Standard Code of conduct (IS:2720) was followed in conducting the
fundamental tests and the results are presented in Table 1.

Table 1. Physical properties of the soil

Properties Values
Grain size distribution

Gravel 2%
Sand 93%
Silt 4%
Clay 1%
Specific gravity 2.64
Classification of soil SP
Maximum dry density (g/cm3) 1.78
Optimum moisture content (%) 15.47

(continued)
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Table 1. (continued)

Properties Values

Unconfined compressive strength (kPa) | 127

Permeability (cm/s) 8.2 x 1073
California bearing ratio (%)

Soaked 7.14
Unsoaked 8.61

2.2 RBI Grade-81

This stabilizer, recognized across worldwide including India, was used for the present
work which was obtained from M/S Alchemist Touchnology Limited, Delhi, India. The
properties of RBI Grade-81 are reported in Table 2 [20, 21].

Table 2. Properties of RBI Grade-81 [20, 21]

Properties Values

Odor Odorless

Storage Dry

PH 12.5

Specific gravity 2.5

Bulk density 700 kg/m?3

Flammability Inflammable

Solubility 0.2 pts/100 pts (in water)
Freezing point None

Self-life 12 months

2.3 Method

Different laboratory experiments were performed on the sandy soil samples with and
without RBI Grade-8 for the determination of particle size distribution (IS: 2720, Part
4-1985), compaction characteristics (IS: 2720, Part 8-1983), permeability (IS: 2720,
Part-17-1986), UCS (IS: 2720, Part 10-1986), and CBR (IS: 2720, Part 16-1987). The
2,4, 6, and 8% of RBI Grade-81 were used in the present study.
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3 Results and Discussion

3.1 Compaction Characteristics

The results of compaction characteristics (MDD and OMC) are tabulated in Table 3, and
presented in Figs. 1 and 2. The MDD and OMC are the key parameters of compaction
characteristic of the subgrade soil and so these values must be maintained in quality
control process to attain stable pavement subgrade. It is illustrated, from the Fig. 1, that
the MDD values decreased with increasing RBI Grade-81 content. The development of a
flocculated structure due to cementitious bonding between sand grains and the stabilizer,
which makes compaction more difficult, may be the cause of decrease in MDD values.
RBI Grade-81 particles’ lower specific gravity than the parent soil was cited as another
explanation for this decline in MDD value. The OMC values increased with increasing
percentage of the stabilizer (Fig. 2). This is because a flocculated structure has formed,
which contains more water and needs lubrication to compress.

Table 3. OMC and MDD values

Mixture proportion (%) | OMC (%) | MDD (g/cm3)
Soil + RBI (100: 0) 15.47 1.78
Soil + RBI (98: 2) 15.60 1.70
Soil 4+ RBI (96: 4) 15.90 1.66
Soil 4+ RBI (94: 6) 16.20 1.61
S