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Chapter 1
Introduction

1.1 Background of the study

Natural water bodies have impurities from various sources. The most common contaminants are

microorganisms, suspended particles, colloidal materials, pesticides and various dissolved
metallic and non-metallic substances. The quality of water in rivers and subsurface source is
being deteriorated continuously, due to release of contaminants from cities, industries and
agriculture together with decomposition of rock forming minerals as natural pollution. Among
these compounds, anionic pollutants like fluoride, arsenic and nitrate contamination in
groundwater has been recognized as one of the most serious challenges to render fit for potable
purpose worldwide (Kaushik et al., 2004; Ahmad et al., 2022).

Fluoride is often described as a “double-edged sword” as inadequate ingestion is
associated with dental caries, where as excessive intake leads to dental, skeletal and soft tissue
fluorosis almost non curable. Fluorosis is becoming a global environmental toxicological
problem and is most commonly found in water-stressed regions. (Fawell et al. 2006; Raju 2017).
Fluoride contamination in drinking water sources has been a major problem in many countries,
especially in several parts of India, China, Sri Lanka, South Africa, Tanzania, Argentina, East
Africa, part of South Africa, Turkey and some part of South America. (Srimurali et al, 1998;
Barati et al. 2014)

It is revealed from published literature that, India is among the 25 nations around the
globe, where health problem occurs due to the consumption of fluoride-contaminated water. In
India, 18 states have been identified as epidemic for fluorosis (Raju , 2017). The severe cases of
fluorosis were reported in part of North-Western part of India exceeds fluoride concentration of
0.4-19 mg/L (Yadav et al., 2009; Dhiman and Kesari, 2006). Few literatures have reported
fluoride concentration of 0.2-20 mg/L in parts South India (Shaji et al., 2007; Karthikeyn et al.,
2010; Mamatha and Rao 2010). Central India and Deccan Province have also reported moderated
fluorosis due to fluoride concentration of 0.2-10 and 0.4-8 mg/L respectively(Mobeen and
Kumar 2017; Sivarajasekar et al., 2017; Yadav et al., 2019,) . Nearly 200 districts of 18 Indian

states have reported fluoride associated problems affecting around with 200 million people
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(Mondal and George 2015; Das 2017). It is well known that F'contamination is present in the
ground water in the western part of West Bengal. Districts like Birbhum, particularly Nalhati,
Bankura, Purulia, parts of Midnapore, and Bardhaman suffers through high fluoride
contamination of groundwater sources (Mondal et al., 2014; Das, 2017). The severe cases of
fluorosis were observed in North-West India with fluoride concentration of 0.4-19 mg/l and
South India with fluoride concentration of 0.2-20 mg/l, and moderated fluorosis was reported in
Central India and Deccan Province with fluoride concentration of 0.2-10 mg/l and 0.4-8 mgl/l,

respectively. (Mobeen et al., 2017)

Water defluoridation techniques are recognized as chemical precipitation/coagulation, ion
exchange, adsorption, reverse osmosis, and electro-dialysis. Many of these methods possess
limitations on large scale application for various unfavorable factors such as high chemical,
operational and maintenance cost. The generation of toxic byproducts (pollution) and sometimes
makes the process more complex. Among these methods, adsorption is the most suitable and
widely used engineering tool due to its simple operation, and the availability of a wide range of
adsorbents. (Suriyaraj et al., 2015; Thakre et al., 2015).

Fluoride removal by adsorption has been widely explored with various adsorbent, still
there exist a great gap between developed technology and its application. There is a further scope
of searching out new material that to be low cost easily available, efficient and compatible with

existing technology. With a view to explore to achieve sustainable and low cost solution

scientist and engineers still carrying out extensive research work in this area in pursuit of these

objectives.

Solid waste management is another major problem being faced by all nations across the
globe. Wastes generated at fish markets and fish industry are considered as an important
pollutant having a serious impact on the environment. The worldwide consumption of fish per
capita nearly doubled over the last 45 years, leading to larger quantities of fish processing wastes
(Ward and Loes, 2011). A large amount of fish waste, about 50-70% of original materials is
generated in Fish markets and Fish Processing units everyday worldwide. (Kafle et al, 2013)
About 18 - 30 million tons of fish wastes is generated at fish processing industries and markets
of which 4% are fish scales. (Muhammad et aL, 2016) It is observed that, scales-a major

component of fish processing waste, is often discarded together with other fish wastes.
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Biosorbents prepared from fish scales has been used to treat wastewaters containing heavy

metals, dyes and pharmaceuticals (Marrakchi et al, 2017).

1.2 Statement of the problem

Consumption of water with high levels of fluoride is causing great concern across the globe.
India has 29 states and more than 18 states are affected by fluorosis. The excessive consumption
of Fluoride resulting in fluorosis. The disease caused due to excessive intake of fluoride has great
impact on physical and mental health in persons affected by fluorosis. The health effects of
fluoride in drinking water are not only irreversible but also detrimental. Preventing people from
consumption of water laden with excessive fluoride is the only possible cure for this problem.
Defluoridation of such contaminate water is the only sustainable approach. Among all the
methods of defluoridation, adsorption is the most convenient method. Many adsorbents have
been used by the adsorption method, but they have limited use due to their high cost, less
adsorption capacity and less regeneration capacity.

On the other hand consumption of fish and shrimp worldwide is increased over the last decade.
As an outcome of these activities a huge production of fish scale is salvaged globally. In India,
this waste is discarded as garbage and indiscriminately disposed without recovery of any useful
product. This formed the base and need of the present study, focusing on using fish scale waste
based adsorbent materials to remove fluoride ions from water which will give sustainable
solution to the problem. In terms of the magnitude of fluoride contamination problem, exploring
the novel, economic and environment friendly Fish scale Biochar and composite material will be
a small attempt for a big problem. It will a veil some of the existing problem of Solid waste

management, will also reduce the burden of environmental pollution due to fishery waste.

1.3 Motivation

It is a challenging task to establish a low-cost technology to minimize the acute fluoride damage

to mankind and the environmental risks that it induces and relevant treatment option. Utilization
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of fish scale for water remediation is a recent outcome of innovative endeavor. The literature

addressed that, fish scales and their derivatives have been examined earlier for removal of Heavy

Metals and dyes from water environment however no study has been performed previously to

investigate potential performance of Fish Scale Biochar (FSB) and Acid modified fish scale
biochar(AMFSB) for Fluoride removal from water environment. This aspect prompted to
undertake the present research work and motivated the candidate for evaluation of waste based

fish scale biochar as a useful adsorbent for fluoride removal form water environment..




Chapter 2

Literature review

2. 1 Fluoride removal technologies

Various technologies are exhibited or used to remove fluoride from water. Out of all the process
but the adsorption process is generally accepted as the economically attractive and most effective
for removal fluoride from water. Defluoridation of water can be done by different methods. The
technologies currently available to people are Precipitation/coagulation techniques, lon-exchange
techniques, Membrane techniques electrochemical treatments , Nano-filtration, and Adsorption
techniques (Rao 2003; Shen et al.,2003; Sujana et al.,2009; Khatibikamal et al.,2010; Bhatnagar
et. al.,2011; Diawara et al.,2011; Bhaumik and Mondal 2015;Jadhav et al., 2015; Waghmare et
al., 2015; Mobeen and Kumar 2017; Yadav et al., 2018; Sabti, et al 2023). However, the
shortcomings of most of these methods are high operational and maintenance costs, secondary
pollution and complicated procedure involved in the treatment (Singh et al., 2018; Kumar et al.,
2022)

2.2 Fluoride removal by adsorbent

Adsorption techniques have been quite popular due to their simplicity and availability of
wide range of adsorbent materials. Many bio-sorption techniques have been employed for the
treatment of drinking water. Researchers worked on various locally and abundantly available
materials like Leaf powder (Tembhurkar and Dongre, 2006), Activated rice husk (Vardhan et
al., 2011), Barks (Jamode et al., 2004), Tamarind seeds (Karthikeyan et al., 2010), seed extracts
of Moringa oleifera (Parlikar et al., 2013), tea ash (Monadal et al., 2012), egg shell (Mann et al.,
2014; Bhaumk et al., 2017) are few among them. A number of agricultural and forest
wastes/byproducts and industrial waste products have been proposed by a number of researchers
for the fluoride removal from aqueous wastewater. The biosorbents and various materials for
preparing biochar  are abundant in nature, inexpensive, require little processing, and are
effective for fluoride removal (Mohan D. et al., 2012; Tomar and Kumar, 2013, Sivarajasekar N.
et al. 2017).




2.3 Fish Scale for Water /Wastewater treatment

One of the in wastewater treatment by the adsorption is the utilization of living and non-
living biomass; this is known as biosorption (Demirbas, 2008). Biosorbents prepared from fish
scales was utilized to treat wastewaters containing heavy metals, dyes and pharmaceuticals.
Biosorbent from fish scales are usually produced from fish market and can be prepared as
adsorbent. The major sources as of fish scale are found in the market, fish industries and large
culinary establishments. Some of the scales are prepared and used directly while others are
impregnated with additives, calcined or used as source for deriving hydroxyapatite and was used

as modified surface treatment.

The available scientific literatures reveals that fish scale derived adsorbents have been
successfully explored for removal of heavy metals (Cr, Cu, Mn, Pb, Se, U, Zn, etc), textile dyes,
pharmaceutical compounds and inorganic pollutants like arsenic and fluoride. Recent researches
on removal of these pollutants using fish scale based adsorbent are briefly discussed below.
Various heavy metals and dyes removed from water environment with the help of Fish scale
based adsorbent are listed in Table 2.1.

2.4 Earlier studies on waste based adsorbent for Fluoride removal from water environment
)] Bhargava and Kiledar (1995) studied potential of Fishbone charcoal for fluoride
removal from aqueous solutions. Columns containing 45 g fishbone charcoal were tested in
laboratory column bed with a continuous feed of water containing 2.5-20 mg fluoride /L. The

useful capacity of the medium was defined as the volume of treated water or the amount of

fluoride removed before the breakthrough at concentrations of 1 mg/L. It was observed that

influent water containing 5 mgF’/L resulted in useful volumes of 9.5 to 3 L, depending on the
loading utilised (about 0.3 —1.7 mL/min/g). Useful removal capacities between 0.3 and 1.4 mg/g
were obtained, the highestcapacity being observed for lowest flow rate and highest initial

fluoride concentration.




Table 2.1:- Pollutant removal efficiency of fish scales as reported in the literature

Metal

Heavy metal
Removal efficiency (%)

Reference

As(111) and As(V)

94.00

Rahaman M. & Basu (2008)

Fe (111)

80.00
90.00

Amjad & Jamal, (2008)
Prabhu et al, (2012)

cd (1)

98.00
86.00

Amjad & Jamal, (2008)
Prabhu et al, (2012)

Cr(VI)

60.89

Kondapalli & Mohanty , (2009)
Bamukyaye S,et al., (2017)

As (1)

99.83

Mustafiz et al., (2012)

Mn (1)

84.00

Prabhu et al, (2012)

Fe
Zn
Pb

64.20
91.00
86.00

Zayadi & Othman, (2013)

Pb

Almost 100

Bawadi Abdullah, et al. (2014)

Mn(I1) and Cd(l1)

81-87

Burham and Aly (2014)

Cr(V1)

about 22 mg/g

Moura (2012)

Cr(VI)

2.51 to 4.28 mg/qg.

Kondapalli et al., (2011)

Uranyl ions

82

Hastenreiter et al., (2011)

Zinc, Iron

About 70

Darge A., (2013)

Chromium (VI)

40.51%,

Bamukyaye et al., (2017)

Azo dye, Ponceau 4R

134.40 mg g/1.

Zhu and Xiao (2013)

Reactive blue 5G dye

253.8 mg g/1

Ribeiro et al., (2015)

Reactive orange 16
adsorption

114 .20 mg /g

Marrakchi F., et al ., (2017)

Malachite Green dye

97.41

Chowdhury S. et al.(2012)

Methylene blue

555.55 mg g/l

Zhe Huang , (2014)

Brilliant Red

3.199 mg g/l

Hosne Ara Begum, (2013)

Dichlorophenol

Mota J.A. et al. (2012)

Arsenic (As)

Rahaman et al.(2015)

Sulfamethoxazole
and trimethoprim

Nielsen and Bandosz (2016)

Fluoride (F)

Bhaumik R. , et al (2017)




Abe et al, (2004) have investigated six different carbonaceous materials for fluoride removal.
The materials investigated are carbon block (CB), four kinds of coal charcoals (CC) and bone
char (BC). They found that the fluoride removal efficiency of thse materials was in the order of
BC > CC > CB > AC . the bone char reported highest fluoride removal of 82% at pH 4.6. The
adsorption through BC flowed Freundlich isotherm with coefficient (r) 0.998. The adsorption
was reported to be an ion exchange between fluoride and phosphate ions present in BC.
Deshmukh et al., (2009) investigated adsorbent prepared from agricultural waste rice husk.
Chemical impregnation by physical activation was used for adsorbent preparation. Batch studies
were conducted to evaluate effect of pH, contact time , dose of adsorbent and initial adsorbate
concentration. The optimum adsorbent dose was found to be 10g/L. Maximum fluoride removal
was observed to be 75%.

Bhaumik et al., (2017) explored the feasibility of fish scale dust for removal of F from aqueous
solution. The adsorbent was characterized by SEM, FTIR and pHZPC. The value of pHZPC of
fish scale powder is 6.5 . The porous and irregular surface structure of fish scale powder was
observed under SEM. Effect of various operating variables such as pH, adsorbent dose, initial
fluoride concentration, agitation speed, contact time and temperature on fluoride removal
efficiency was observed by bacth adsorption studies. Optimum fluoride removal was occurred at
pH 6.0 at 60 min contact time and 20gm / L adsorbent dose. The combined effect of these
parametrs on removal of fluoride was assessed by using computerise software model known as
Response Surface Methodology (RSM) based on Box-Behnken design (BBD). The optimized

values of initial concentration, pH, adsorbent dose, and contact time for fluoride adsorption were

found as 8.49 mg/L; 9.93; 22.6 g/L and 179.72 min, respectively. Among the equilibrium
isotherms, Langumir model was found to be the best fitted one suggesting homogeneous mode of
F biosorption on fish scale. Kinetic studies showed better applicability of pseudo-second-order
model

Choudhary et al., (2023) studied Chicken feathers derived from poultry waste were employed
as an adsorbent in this study to get rid of fluoride from aqueous solutions. FTIR, XRD, SEM—
EDX, and BET analysis were used to characterize the adsorbent. The influence of initial sample
pH, a dosage of adsorbent, contact time, and initial fluoride concentration on the capacity of
adsorption by modified chicken feathers (MCFs) was explored in the batch test. The batch

adsorption findings show optimized equilibrium at pH 6, dose 6 g/L, and contact time of 60 min.
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The experimental data were found best suited to the Freundlich adsorption isotherm (R*=0.911)

among the three isotherms used. The highest adsorption capacity of the sorbents for fluoride was
measured using the Langmuir isotherm (Q,=4.78 mg/g). The pseudo-second-order; PSO model
with a more significant correlation (R*=0.9809) and sorption capacity of 1.555 mg/g was in
good agreement for fluoride uptake than other employed kinetic models according to Kinetic

statistics.

2.5 Limitations of earlier work

» Though Fluoride removal by adsorption is hugely explored and exploited with various
adsorbent, there exist a great gap between developed technology and its application where
required
Methods developed for defluoridation so far are either not sustainable or economical for
various unfavorable factors.
With a view to explore to achieve sustainable and low cost solution scientist and engineers still
carrying out extensive research work in this area in pursuit of these objectives
The existing literature reveals that, Fish scales and their derivatives have been explored for
removal of Heavy Metals and dyes from water environment but no such previous study has
been performed to explore the potential of Fish Scale Biochar (FSB) for Fluoride removal from

water environment

2.6 Critical Review of Literature

Fluoride is recognized as emerging pollutant in water environment particularly for sub-surface
water resources. Removal of Fluoride from water environment is utmost important for potable
water supply. Developing an effective and robust technology for removal of excess fluoride from
water environment becomes a challenging task especially for developing countries. Most of the
publications dealt with Fluoride removal with physicochemical methods predominantly with
adsorption process. The serious drawback of all these methods leads into generation of secondary
pollution mostly as sludge. Application of biosorption is an environmentally friendly approach
for fluoride removal. However, there are some limitations over its use in real life scenario and
treatment of industrial waste containing fluoride. Recently nano-adsorbents have been attracted

considerable attention for defluoridation of water. These adsorbents have reported to have higher
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fluoride uptake capacity. Many researchers have investigated influence process parameters like
pH, adsorbent dose, agitation time, initial fluoride concentration, temperature, particle size,
presence of co-ions for defluoridation with various adsorbents. Existing literature indicates that
many adsorbents obeyed pseudo-second order or pseudo-first order of rate Kinetics. The
equilibrium data was also tested by many researchers for adsorption isotherm modeling.

From the literature, it is also evident that biochar would be a preferred adsorbent in recent

years in water pollution control and environmental remediation. Numerous biochars developed

from natural resources played unique roles in field of defluoridation and water pollution control
as they manifest the advantages of low cost and ease of operation. Many such literatures the
column analysis, breakthrough studies and kinetic evaluation are not addressed to validate
appropriate method of treatment. Literature back up also did not present / exhibit any relevant
research work with fish scale charcoal or coupled with any kind of composite material. Hence it
is felt by the researcher to carry out further study in details in the level of doctoral work for

removal of fluoride from water environment by Fish Scale Biochar.
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Chapter 3
Objective and scope of Present Work

3.1 Objective of research work

The objective of present research investigation is to explore potential application of a novel,
feasible and cost effective Fish Scale based Biochar for removal of fluoride from water
environment. The major focus of the research is to develop an engineering reactor considering
economics, efficiency, and environment friendly approach by using the above as an alternative
and substitute of traditional adsorbent material for fluoride removal. In terms of the magnitude of
fluoride contamination problem, exploring the novel, economic and environment friendly fish
scale biochar and its composite forms will veil some of the existing problem in drinking water
treatment as well a the burden of environmental pollution. It s apprehended that the outcome

may be applied for wastewater treatment with fluoride contamination.

3.2 Scope of the present work

The scopes of the present investigation work considered are as follows:

1. Selection and collection of appropriate Fish Scale from market place, synthesis of
biochar and alternative chemicals for its surface modification for enhancing
adsorptive capacities.

Synthesis of selected Fish scale biochar and its composites.

Characterization of material with various standard techniques (BET, FITR, SEM,
XRD, EDX etc).

Batch sorption studies with synthetic samples.

Study of different influencing process parameters such as pH, initial fluoride
concentration , adsorbent dose, agitation speed and contact time.

Removal kinetics and adsorption isotherm studies.

Optimization of different process parameters.

6
7
8. Rate limiting step determination including estimation of kinetics order.
9

Column performance study for determining breakthrough service time.

10. Validation of column modeling with kinetic data with performance study.
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11. Performance optimization by usage of statistical tool Response surface

methodology (RSM) for batch experiments results.

12. Desorption and regeneration studies to be undertaken to maximise the material

usage. This aspect could not be done in present study due to some problems imposed

due to Covid-19 pandemic.

13. Real life sample would be also used for exploring the efficiency fluoride removal
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Chapter 4
Materials and Methods

4.1 Materials

4.1.1 Chemicals & Reagents

A stock solution of fluoride concentration (F) 1000 mg/L was prepared by dissolving 2.21 gm
analytical grade Sodium fluoride (NaF) [Make Merck, India] in 1L of Double distilled water.
Subsequent dilution of different strength of F spiked solutions with stock solution were made by
addition of double distilled water with pre determined volume. All the solutions utilized
throughout the experiments were prepared in double distilled water (DW). For preparation of
other chemicals and reagents standard procedures were followed as mentioned in existing

literature.

4.1.2 Apparatus and Instruments used

Various instruments were used throughout the present research study. The major instruments
along with their purpose and specification are listed Table 4.1

Table 4.1: Instruments Used

Process Instrument Make

pH determination Digital pH meter Deluxe , Model 101E,M.S.
Electronics India Pvt Ltd.

Fluoride measurement lon Selective Electrode(ISE)  Orion Star™ A214 pH/ISE
Bench top Meter

Weight measurements High precision electrical Wensar , Model PGB 300
balance

Agitation of batch study Orbital mechanical shaker Remi , India make
samples

Drying of washed adsorbent Hot Air Oven Scientific Industries, India
Carbonization of FSB A muffle furnace Sicco India furnace , India

BET surface area BET surface analyser Quantachrome NovaWin,
Japan
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Surface morphology and SEM (Scanning electron JSM-6490 V, JEOL,
elemental composition microscope), equipped with ~ JAPAN)
EDX

FTIR analysis Fourier Transform Infrared Perkin Elmer Spectrum,
Spectrometer United Kingdom

XRD analysis X-ray diffract meter Bruker, D8 Advance,
equipment Germany

Fixed bed column study A peristaltic pump A peristaltic pump of
(up-flow mode) Rivotek™ supplied by
Riviera Glass Private limited

4.2 Preparation of adsorbent material
4.2.1 Preparation untreated Fish scale biochar (FSB)

Labeo Rohita (Rohu) scales used were collected from the local fish market atf Kolkata). The
dust, dirt and soluble impurities from the surface of fish scales were removed by washing them
thoroughly with tap water as well as distilled water. Then the scales were sun dried in open to
atmosphere for 2 days and subsequently derived to char in muffle furnace at 600°C for 3 h. The
resulting fish scale biochar was pulverized into biochar powder using a grinder. The grinded
powder was sieved to obtain particle size of 125— 250um and the resultant product was used
adsorbent without any chemical modification. The biochar thus obtained was given a hame as
Fish scale biochar (FSB). The schematic representation of preparation of FSB is exhibited in
Figure 4.1 (a) though Figure 4.1(e).

4.2.2 Preparation of acid treated fish scale biochar (AMFSB)

To prepare acid modified fish scale biochar , 20 gm of fish scale biochar(FSB) has been kept in
diluted HCL solution (2 mol/L), and stirred for 3 h. After this the fish scale biochar was filtered

and washed several times with distilled water till wash water reaches to neutral pH. The washed

acid soaked biochar was then oven dried at 100° C till it reached to constant weight. This dry acid

modified biochar was then stored in air tight container and used as adsorbent in fixed bed
continuous column for fluoride removal studies. The Figure 4.1 depicts the schematic of
preparation of Acid modified fish scale biochar.(AMFSB).
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fish scale biochar
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Figure 4.1: Schematic diagram of FSB and AMFSB synthesis

4.1.1.1 Preparation of Metal impregnated Fish Scale Biochar

For preparation Aluminum (Al), Iron (Fe) and Manganese (Mg) impregnated Fish Scale
Biochar of Aluminium nitrate(AI(NO3)s), Iron (1l1) chloride hexahydrate (FeCls.6H,O) and
Magnesium chloride hexahydrate (MgCl,.6H,0) having 99.99% purity was purchased from
Merck and used without further purification. For the AI(NOj3); doped Biochar sample, 20gm of
the previously prepared biochar was mixed thoroughly with 5gm of AI(NO3); in a mortar pestle.
The mixture was then heated in a muffle furnace at 550°C for 4 hours at 5°C/min heating rate in
air atmosphere. A black colored powder sample was obtained after cooling down to room
temperature. This was named as Al —Fish scale biochar (Al-FSB). For the Iron and Magnesium
impregnated biochar synthesis, the same procedure was followed with FeCl;.6H,O and
MgCl,.6H,0 as the precursor respectively. The black powder obtained in this case was named as
Fe- fish scaled biochar (Fe-FAB) and Mg-fish scale biochar(Mg-FSB) respectively.
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4.3 Material characterization

Material characterization was done using X-ray Powder Diffraction (XRD), Scanning
Electron Microscopy (SEM), Fourier-transform infrared spectroscopy (FTIR) and Energy
Dispersive X-ray Analysis (EDS) has been done to investigate the properties and compositions
of selected adsorbent material. Energy Dispersive X-ray (EDS) is an integral part of SEM
analysis. In SEM-EDX , a focused beam of electrons is bombarded on sample to obtain a
localized chemical composition. EDX can detect all elements.
The FTIR technique used in the present study identifies resonance frequency characteristics of
functional groups present in the sample. This technique widely used for identification of
functional groups of any mixtures or compounds to be analyzed. using X-ray Powder Diffraction

(XRD analysis evaluates the atomic arrangement, crystallite size of sample. X-ray diffraction

(XRD) patterns of AMFSB was recorded using an advance X-ray diffractometer (Philips
Analytical PW-1710) which was equipped with Cu-Ko radiation of A=1.5418 A. These

investigations were done at sophisticated test and instrumentation centre (STIC), located at
Cochin .

Surface area and porosity are two important physical properties for any adsorbent. The
Brunauer, Emmett, and Teller (BET) theory for gas adsorption was used for the measurement of
surface area of FSB. The analysis was done at laboratory of Jadavpur University, Kolkata.

4.4 Adsorption experiments

A series of batch experiments were conducted to evaluate the effect of process influencing
parameters viz., adsorbent dose, pH, initial fluoride concentration, contact time, agitation speed
and co-existing ions. a series of batch adsorption process was carried out by mechanical
agitation. All adsorption batch study experiments were performed in triplicate. One factor at a
time (OFAT) approach was used for optimizing the process parameters. To determine optimum
pH for removal of fluoride pH of water sample was varied from pH 2-12. The adsorbent dose
was varied from 2-12 gm/L. The contact time for batch study was varied from 60 to 210 min.
The initial fluoride ion concentration was varied from 2mg/L to 10 mg/L. To observe the effect
of agitation speed on fluoride removal the orbital mechanical shaker was rotated at varying
speed from 60rpm to 180rpm. The effects of co—existing anions like bicarbonates, chlorides,

sulphates and nitrates were also observed After every batch experiment the sample was allowed
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for the gravitational settlement of adsorbent and then the solution was filtered using Whatman
filter paper (No 1). This sample was used for estimation of fluoride ion concentration The
remaining fluoride ion concentration in the sample was estimated by an ISE meter(Orion fluoride
ion selective electrode (Thermo Scientific Orion, USA). All the experiments were conducted at
ambient temperature. The experimental data obtained was for adsorption isotherm analysis and
to determine rate order Kinetics. An empirical statistical technique Response surface
methodology (RSM) was used with Box-Behnken design approach for designing experiments

and finding the optimum conditions for various process parameters

4.5 Fixed Bed Column Study

To evaluate the performance of the prepared acid modified fish scale biochar for removal of
fluoride from water, continuous fixed bed column experiments were conducted. The effects of
different bed depths, flow rate and initial F* concentrations were analyzed using breakthrough

curves. The adsorption experiments were conducted at a neutral pH 7.0 £ 0.1 and room

temperature (30°C). A vertical Acrylic column of 2cm diameter and 40cm height was used for

performing the fixed bed column studies. The column study was conducted with synthetic
fluoride water sample at ambient temperature. Acrylic columns were wet-packed with glass
beads at the bottom. Then a thin layer of glass wool (Sigma Aldrich) was place just below and
above acidified fish scale biochar as per experiment design. An influent tank of 10 lit capacity of
the was used for the column to run in up-flow mode and the peristaltic pump was connected to it
with pipe. The influent fluoride solution from the model water tank was allowed to pass through
an inlet placed at the packed bed column in a up-flow direction at a design flow rates. At fixed
interval , the treated effluent is collected at the outlet placed above the packed bed..
Breakthrough curve analysis was performed on the results obtained for fixed bed column study.
Mathematical modeling of fixed bed column data was done by using Thomas model, Yoons —

Nelson model and bed height service time (BDST) model.

4.6 Isotherm modeling and Kinetic order study and optimization
Experimental results were tested with various available adsorption isotherm models to validate

adsorption phenomenon. Kinetic order study is conducted to determine various reaction rate
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constants and to describe the adsorption mechanism. Application of statistical tool Response
surface Methodology RSM) technique with Box-Behnken design of experiments for batch test

data. The optimum performance of the experimental output has been predicted.

Outlet o,”;

A
B
C

Treated water
B
A

.%v = I]‘— Inlet
Ty

Fluoride spiked Peristaltic pump
water

A- Glass beads
B- Glass wool
C- Acid modified fish

scale biochar

Figure 4 2 Schematic of Column study
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Chapter 5

Theoretical considerations

The present research investigation is based on various theoretical considerations of Adsorption
process. Based on which the evaluation of batch adsorption and column adsorption data is

performed. The various mathematical equations used in the present study are as follows:

5.1 Adsorption isotherm
An adsorption isotherm model gives a better understanding of mechanism of adsorption. It also
determines type of interaction between adsorbate and adsorbent at its equilibrium state. The
batch experimental data obtained is analyzed using existing established isotherm models. For
adsorption isotherm study Langmuir, Freundlich and Intra-particle diffusion models were
studied.

5.1.1 Langmuir isotherm
Irving Langmuir in 1932, proposed an empirical isotherm for gases adsorbed on solids. The

Langmuir isotherm models is expressed in linearized equation forms as equation (1) .
Ce 1 Ce

= + 1)

e K| qmax Amax

where, ge= the amount of fluoride adsorbed per unit mass of Fish scale biochar (FSB) (mg/qg)
C. = equilibrium concentration of fluoride(mg/L)
Omax = Maximum amount of the fluoride ions per unit mass of FSB
K. = Langmuir constant representing the binding sites affinity (L/mg).
A dimensional equilibrium parameter (R.) is a characteristic of Langmuir model and it is

expressed as equation (Ho and McKay, 1999)

R = (1+c10*k) )

Where, k = constant (Langmuir) Co = concentration of fluoride (mg/l). When the R value is greater
than 1, then it indicates the adsorption isotherm type supposedly to be unfavorable and if R =1,
then type is linear. When value of R ranges within 0 to 1 (0< R <1), it is considered as

favorable and R, equals to 0 then, its irreversible.
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5.1.2 Freundlich isotherm
Freundlich and Kuster earlier in 1894 suggested an empirical isotherm model known as
Freundlich isotherm. Freundlich isotherm describes the non-ideal and reversible adsorption. It is
mostly early applicable to physico-chemical adsorption on heterogeneous surfaces (Ho and
McKay, 1998 ). It is based on the assumption that adsorbent surface is heterogeneous for
adsorption of adsorbate. In this model, adsorption takes place at all active sites of adsorbent

surface. Freundlich isotherm model is expressed as:

Inq.InKy +%lnCe 3)

where, K ((mg g )(L mg1)1/n) is a parameter of relative adsorption capacity of the adsorbent
and 1/n gives an indication of the favorability of adsorption. Values of n > 1 represent favorable
adsorption condition (Langmuir , 1918).

5.2 Adsorption kinetics and mechanisms
The kinetic behavior of an adsorbate removal or the absorption of a particular compound on to
the adsorbent surface follows three main steps (Ho and McKay, 1999; Salameh et al. 2015)
The sorption Kinetics provides insight into mechanism of adsorption reaction, Pseudo first order
kinetic model and pseudo second order were used in the present study.
5.1.2.1 Pseudo-First-Order Kinetics

Different kinetic reactor model are used to determine the mechanism of adsorption and
estimating reactor order. Bhattacharyya and Sengupta, (2006 ) suggested Lagergren model is
most useful. The pseudo-first-order kinetic model is based on the assumption that solute sorption
process is first-order in nature and it is only dependent on the number of fluoride ions present in
the solution at any specific time (Langmuir, 1918; Bellack 1971; Dayanada et al., 2014)

Pseudo first order kinetic model is expressed as:

K4t
Log(qe. — q0) = logq. — 5 4)

Where, ge and gt are uptake capacity (mg/g) at equilibrium and at any time t , respectively. K; is
first order kinetic rate constant. (min/L)
5.1.2.2 Pseudo-second-order kinetics
A second order rate law considers that the rate of removal depends on the sorption capacity and
not the concentration of the sorbate (Ho and Mackay, 1998; Singh et al, 2022) Pseudo-second-

order kinetic model assumes that the fluoride adsorption process is dependent on the number of
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fluoride ions present in the solution as well as available adsorption sites on the adsorbent surface

(Ho and McKay, 1999). The Pseudo-second —order equation is expressed as
t__1 .t
a  K2qZ  qe

Where K is rate constant, g; is uptake capacity (mg/g) at any time t.

(®)

5.1.2.3 Intra particle diffusion:

In adsorption process, there are several steps that that enhances the movement of adsorbate from
solution on the adsorbent surface. The steps are governed by various factors like surface
diffusion, film or external diffusion, pore diffusion or combination of more than one step (Ho
and McKay, 1999). This kinetic model had been suggested by Weber and Morris and possibility

of intra-particle diffusion can be described using following formula:
qr = kqt® +C (6)

where, kq = diffusion rate constant (mg/g. h®°), C = intercept and represents boundary layer

thickness and gt = the amount of adsorbed compound (mg g/L) to the adsorbent at time t (min).
5.2  Column studies

The fixed bed column adsorption method allows the solute solution to flow continuously through
a packed bed of adsorbent. The bed height, the rate of flow and initial concentration are varied to
see their effect on adsorption. The performance of column adsorption is continuously monitored
by measuring the effluent concentration with predetermined interval of time.

The efficiency of the column can be explained by means of the breakthrough curves (Onyangoa
et al., 2004; Ofomaja et al., 2005).A breakthrough curve is plotted between column effluent
concentration vs treated volume or treatment time (Fawell, 2004). The shape of breakthrough
curve the graph is in general S- shaped.

Breakthrough is deemed to have occurred at some time t, break point time, when the
concentration of the adsorbate leaving the bed increases to an arbitrarily defined value, C, break
point concentration, which is often the minimum detectable or maximum allowable
concentration of the component to be removed. In other words, the breakthrough point can be
defined as the point at which the effluent concentration increases rapidly (Chen et al., 2001;
Ramesh et al., 2012 ). The Figure 5.1 shows a typical adsorption column breakthrough curve

and movement of MTZ in fixed column
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Figure 5.1 Schematic of adsorption column breakthrough curve and MTZ in fixed column
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Chapter 6
Result Discussion

6.1 Characterization of selected material

Bulk density, Moisture content and biochar yield of Fish scale biochar were determined by was

determined by following standard method. The result obtained are given in Table 6.1.

Table 6.1 Physical Characteristics of Fish Scale Biochar

Parameter FSB AMFSB
Bulk density (g/ml) 1.08 1.02
pH 7.84 6.62
Moisture content (%) 0.982 1.14
Biochar yield (wt%o)

FSB @ 400 51 -

FSB @ 600 48 -
BET surface area(m2/q) 37.967
Pore Volume(cc/g) 0.108
Pore Diameter(nm) 3.618

The detailed physiochemical characterization of adsorbent material was done. The BET surface
analysis showed good surface area of 37.967 m2/ gm. The biochar yield of fish scale biocahr
(FSB) was found to be 51 and 48 % at 400 and 600 °C respectively. The biochar yield observed
to decrease with increase in temperature. The SEM-EDS , FTIR and XRD analysis was
performed on AMFSB and it was confirmed the mesoporous structure acid modified biochar
and presence of Fluoride binding constituents in the prepared biochar. Table 6.2 gives the

elemental composition of AMFSB before and after adsorption of fluoride.
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Table 6.2: Elemental composition of AMFSB
Composition by wt %
Element C O N Ca P
AMFSB before adsorption 63.1 16.8 16.7 2.1 1.3

AMFSB after adsorption 63.0 14.7 13.1 5.8 3.1

6.2 Batch studies:
The batch studies were conducted to investigate the effect of different process parameters for
removal of fluoride form water environment. It was found that the removal of fluoride with FSB
and AMFSB was greatly influenced by pH, initial concentration of Fluoride, contact time and
adsorbent dose. The effect of various parameter on % removal efficiency of fluoride by FSB
and AMFSB are shown in Figure 6.1and Figure 6.2.

As shown in Figure 6.1and Figure 6.2, the adsorption rate of fluoride on FSB increases
with time and eventually reaches to equilibrium after 180 min. At the start of FSB and F-
interaction initial more number of active sites are available favorably for adsorption but with
progress of time active adsorption sites was decreased and hence after equilibrium time no
significant increase in removal of fluoride is observed. (Meenakshi and Sukumar, 2008; Bhumik
et al., 2016; Marrakchi et al., 2017; Ayalew A., 2023). The results proved that at lower initial
F- concentrations the sites available for adsorption are more whereas at higher F-
concentrations most of the F- are left unabsorbed due unavailability of active adsorption sites
onto the adsorbent surface. The obtained result concludes that % removal of F- was directly
proportional to the initial F- concentration of water sample. For FSB and AMFSB both ,
fluoride removal increases with the increase in the speed of agitation. This is because, at higher
agitation speed adsorbate can make proper contact with adsorbent surface (Tembhurkar et al.,
2006 ; Roy et al., 2013)

The effect of co-ions on fluoride removal by AMFSB was observed and was found that

adsorption of F- was greatly affected by the presence of phosphate ions. In real life, groundwater

with such high concentrations of ions are seldom present in drinking water. The experimental

result showed that interference by competing ions followed the following order: nitrate <

chloride < sulfate < bicarbonate < phosphate, from lower to higher concentrations in aqueous
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medium. The results obtained are in good agreement with results obtained for hydroxyapatite-

based biochar materials reported by other authors to (Monal and George 2015, He, et al.,

2016).
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Figure 6.1: Effect of various parameters on fluoride removal (%) by FSB
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Figure 6.2 : Effect of various parameter on fluoride removal (%) by AMFSB
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6.3  Adsorption Isotherm

To recognize the adsorption potential and adsorption mechanism of FSB and AMFSB different
adsorption isotherm models were employed in the present study. Langmuir and Freundlich are
isotherm models were used to illustrate the surface properties and adsorption mechanism The
Langmui anf Freundlich r adsorption isotherm for FSB Figure 6. 3 wheras Figure 6.4 shows
adsorption isotherms for AMFSB . The adsorption coefficients for FSB and AMFSB are
calculated from the graphs plotted are gven in Table 6.4 and Table 6.5.

3 -

Ce/qe (gm/L
[ N
€ ISR C I SR

o

R?=0.984
y = 0.319x - 0.466

T T Y. R2=0.875
2.00 3.00

o

Ce (mg/L)

(a) Langmuir isotherm for FSB (b) Freundlich isotherm for FSB

Figure 6. 3 Adsorption isotherms for FSB

Cel/Qe (mg/g-I)

R2=0.958

2.00 4.00 R?=0.966

Ce (mg/L)

(a) Langmuir isotherm for AMFSB (a) Langmuir isotherm for AM FSB

Figure 6.4 Adsorption isotherms for AMFSB
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Table6.3: Langmuir adsorption constants for fluoride removal

Parameter FSB AMFSB

R? 0.984 0.984
Omax(Mg/gm) 2.16 6.12
b (L mg™) 0.437 0.035

RL 0.320 0.89

The value of R, signifies the adsorption nature which can be either unfavorable (R, > 1), linear
(RL = 1), favorable (0 < R < 1), or irreversible (R = 0). Figure 6.20(a) and (b) shows the
Langmiur isotherm plot for FSB and AMFSB.

Table 6.4 : Frendulich adsorption parameters for fluoride removal

Parameter FSB AMFSB

R 0.872 0.980

0.319 0.895
n 3.135 1.11
Ky 2.92 2.66

The values of Freundlich constant (n and K¢) and regression coefficient (R?) were calculated by

using linear Freundlich isotherm equation as given in Table 6.6. Based on values of regression
coefficient (R?), It was observed that FSB and AMFSB equilibrium data fitted well with
Langmuir model than Frendulich model.

The plot for AMFSB with high R? values suggests the good applicability of the model as
compared with R?> value for FSB. The value of 1/n less than 1 obtained for confirmed that the

adsorption of fluoride prepared FSB and AMFSB surface was favorable.
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6.4  Adsorption Kinetics

Kinetic rate order evaluation for FSB and AMFSB is also performed separately. Pseudo-first-
order and pseudo-second-order model were used to elucidate rate limiting state of fluoride removal
(Ho and McKay, 1998). It is observed that the pseudo-first-order equation gives a higher
regression value of 0.964 and 0.990 for FSB and AMFSB confirming the adherence to the
pseudo-first-order rate law. The excellent fit of experimental data into pseudo-first- order models
suggest that the removal of fluoride onto the surface of FSB and AMFSB is favored by
physisorption.

The linear plots for pseudo first order, pseudo second order and intra-particle diffusion were
plotted and the kinetic rate order constants were calculated and are listed in Table 6.5 . Itis
observed that (K;) values of AMFSB are larger than that of the FSB ,these results are in good
agreement with observations made by of Sundaram et al., 2008, Imtiaz et al., 2022; Chaudhari et
al., 2023. the R2 value for intra-particle diffusion model was found to be 0.962 and 0.977 for
FSB and AMFSB respectively. It confirms that intra-particle diffusion also attributed to the rate
determining step of fluoride removal by FSB and AMFSB(Ghorai et al., 2005; Biswas et al.,

2007; Gupta et al., 2013; Chaudhari et al.2023).

Table 6.5 Kinetic parameters for adsorption of fluoride on CAC and FSAC

Pseudo-second-order
Model
Calculated K 2 Calculated K,

: R :
Ge (Mg/g)  (1/min) Ge (Mg/g)  (g/mg min)
2.01 0021  0.964 1.53 0.0041 0.771

Pseudo-first-order model

Adsorbent
R2

5.15 0.562 0.99 5.78 0.0082 0.940
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6.5 Fixed-bed column adsorption study

Removal of fluoride by batch adsorption studies by many adsorbents have been reported in large,
but the practical utility of an adsorbent in removing the fluoride from the water is mainly assesed
by column operation (Ghorai and Pant, 2004; Ghorai & Pant, 2005; Halder et al., 2015; He et
al., 2017; Chatterjee et al., 2018). The column experiments were also performed to evaluate the
effect of column design parameter i.e. initial fluoride concentration, adsorbent bed height and
flow rate. The column performance was plotted with breakthrough curves. The kinetic modeling
of the breakthrough curve was tested using Thomas model, Yoons — Nelson model and bed
height service time (BDST) model.

6.5.1 Effect of adsorbent bed depth

To investigate the effect of bed height, there different bed heights i.e. 1, 2 and 3 cm were taken
with initial ~ F- concentration 7.5 mg/L and flow rate through fixed bed of 1.5 mL/min is
represented in Figure 6.5. It is observed that with increase in bed height, the breakthrough time
and exhaustion time were increased (Rout et al, 2014; Patel 2020). The empty bed contact time
(EBCT) was found to be 8.73, 16.75 and 25 .12 min for 1 .0, 2.0 and 3.0 cm of bed depth

respectively. At initial stage, breakthrough curve showed gradual increase in slope and high

fluoride removal. This gradual increase continued till the adsorbent bed got exhausted. At

breakthrough point the concentration of fluoride in effluent increased more quickly so as the
slope of the curve. The columns with minimum bed height got saturated earlier than the columns

with more bed heights

Elcm A2cm ©3cm

40 60
Time(min)

Figure 6.5 :Breakthrough curve of fluoride removal at different bed height
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6.5.2 . Effect of flow rate

Figure 6.6 demonstrates the influence of influent flow rate on fluoride removal breakthrough

curve at a fixed bed height 2 cm of column. From the evaluation of breakthrough data it is
observed that with increase in the flow rate, breakthrough time (t,), exhaustion time (t¢) and
uptake capacity (g,) was decreased whereas the treated volume with less removal was
increased. This is due to, at lower flow rate F ions get longer contact time to diffuse with
adsorbent surface (Maity, et al.2008; Mohan et. al., 2017).

..... AAA
@ AA
@ A
L A‘
AA
A

A 1.5ml/min
M 2.5ml/min

® 5ml/min

) ~ 1000 1500
Time (min)

Figure 6.6 : Breakthrough curve of fluoride removal at different flow rate.

6.5.3 Effect of initial F- concentration

To investigate the effect of initial F- concentration on the adsorption by acid modified fish scale
biochar with a constant flow rate (2.5 mL/min) and bed depth (2 cm) , the F-ion concentration
was varied 5 mg/L, 7.5 m/L and 10 mg/L. Figure 6.7 shows the breakthrough curve at varying
F-ion concentrations. The results obtained are summarized in Table 6.6 . The results also
showed that the plateau of the breakthrough curve reached faster with increasing flow rate,
which was due to the decrease of contact time between the solute in mobile phase and the surface
of the stationary phase making quicker appearance of adsorption zone at the bottom of the
column.(Ranjan et al., 2009; Mohan et al., 2017).
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Figure 6.7 Breakthrough curve of fluoride removal at different F- ion concentration

Table 6.6 Experimental column parameters obtained from breakthrough curve
Ci zZz M Q tp te t, MTZ Vb Ve Jb BV EBCT

(mg/L) (cm) (gm)  (ml/min)  (min) (min) (min) cm (ml) (ml) (mg/igm)  cm3 (min)
75 1 2 15 283.64 73448 450.84 0.61 42546 1101.72 160 1256 8.373
7.5 412 15 441  966.21 525.21 109 6615 144932 120 2513 16.75
7.5 6.2 15 67353 1297.12 623.59 144 10103 194568 1.22 37.69 25.12
7.5 412 1.5 394  990.05 596.05 1.20 591 1485.08 1.08 25.13 16.753
7.5 412 25 31423 83245 51822 131 785575 2081.13 1.18 25.13 10.052
7.5 412 35 17408 5773 403.22 141 609.28 2020.55 128 2513 7.18

5 412 25 630 1020 390 1.02 1575 2550 191 25.13 10.052
7.5 412 25 316.72 83278 516.06 124 7918 2081.95 1.44 2513 10.052
10 412 25 18319 64572 46253 143 45798 16143 111 25.13 10.052

N DD DD DD DD WD

From the above Table 6.6 it is evident that the Empty bed residence time was increased with
increased in bed height of adsorbent in column. The volume of treated water was also increased

with increased in bed height.
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6.6 Breakthrough curve modeling
Breakthrough curve modeling of column data was done using Thomas model, Yoon-Nelson

model and BDST model. The Thomas model plot showed in Figure 6.8 the satisfactory
correlation having R 2 values 0.96, 0.96 and 0.968 for l1cm, 2cm and 3 cm bed height
respectively. Hence, it is evident that , Thomas model reasonably fits well and interpret the
adsorption of fluoride on acid modified fish scale biochar (Ibrahim et al., 2016, Cruz et. al.,
2020, Kumari et. al.,2021)

10 -

¢ Ilcm EW2cm A3cm

y =-0.008x + 7.015
R2=0.978

S®mm 1000
y =-0.009x + 6.093
R2 = 0.965

In (Co/Ct-1)

L 2
_ _ y =-0.011x + 5.296
Time(min) R2 = 0.968

Figure 6.8: Thomas model plot of In(Co/Ct - 1) vs time (t) at different Bed Depth

The Figure 6.9 illustrates the plot of In [C/(Co- C)] against t is used to estimate the Ye-N
constants (i.e., Ky, and 7). It is observed that the plots have good correlation coefficient 0.990,

0.96 and 0.98 for 5mg/L , 7.5 mg/L and 10 mg/L initial F- ion concentration. Figure 6.10

depicts the BDST model plot for AMFSB. The data fits well in a linear graph with good R value

of 0.998 and 0.990 for breakthrough and exhaustion point of adsorbent respectively. The
adsorption rate constant (K,) and the dynamic bed capacity per unit volume of bed at

breakthrough were calculated as 0.689 (L/mg/min ) and 4,65(mg/L) respectively.
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Figure 6.9 : Yoon-Nelson model plot at different F- ion concentration
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Figure 6.10: BDST model plot at C/Co

6.6 Response Surface Methodology

The Response Surface Methodology (RSM) is widely used statistical tool to understand the
effect of individual and interactive effects of independent variables. Designing experiments can
be easily done using statistical techniques such as response surface methodology (RSM)
(Chatterjee et al.2012; Thakur et al., 2016; Halder et al., 2016; Bhaumik 2017; Mittal et al.,
2020; Ahmadi et al., 2021; Shekhawat et al., 2023) . In the present study, statistical analysis
using Design-Expert (Stat-Ease Inc.,version7.0.3, Minneapolis, USA, trail version) was
employed for designing the experiments, data analysis, and interpretation According to The

Box—Behnken design, 27 experiments were carried out to determine simultaneously the
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interaction effects. Response Surface Methodology was also used to explore optimal condition
for fluoride removal.

The Table 6.7 gives experimental levels and ranges of the independent parameters used in
fluoride removal experiments. The input factors were pH, contact time (min), , initial fluoride
concentration(mg/L), adsorbent dose (mg) .

Table 6.7: Experimental range and levels of the independent parameters

Coded Coded Levels

) Code notation
variables 0

A pH 6

Time(min)

B
C Initial F-(mg/L)
D

Dose(mg)

The % of removal was treated as the response. In the present investigation the second-order
polynomial equation by Box-Behnken design (BBD) was used to predict the response. Analysis
of variance (ANOVA) was performed with a 95% confidence level. The fit of the model was
determined by determination coefficient R? and adjusted R?. (Ahmadi et al., 2021; Haldar et al.,
2020; Mittal et al., 2020; Shekhawat et al., 2023; Buddharatna, 2016). Table 6.8 shows the
results obtained for ANOVA.

The RSM model equation in coded form obtained for fluoride removal by AMFSB is :

Percent Removal = 8.33-0.756 A++0.5470 B-0.2410 C+0.2727 D-0.4055AB+0.1029AC -
0.0028AD +0.3104BC +0.1805BD -0.0317 CD -0.0313 A2-0.1871 B2 +0.1472 C2 +0.4344 D2

Itisto be written in input parameter form as:

Percent Removal (%) =8.33-0.756 pH++0.5470 time -0.2410 Intial F "+ 0.2727 Dose -
0.4055pH.time+0.1029pH.intial F~ -0.0028pH.dose + 0.3104time. initial F~+ 0.1805 time. Dose
- 0.0317 Initial F"Dose - 0.0313 pH2-0.1871 time2 +0.1472 initial F2 +0.4344dose?
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Table 6.8: Analysis of variance (ANOVA) for Response Surface Quadratic Model.

Sum of Mean F- p-
Squares df Square value value

Model 8.26 0.5902 36.89 < 0.0001 significant
A-ph 0.0686 0.0686 429  <0.0006
B-time 3.59 3.59 22443  <0.0001
C-F 0.6971 0.6971 4357 <0.0001
D-Dose 0.8922 0.8922 55.76 < 0.0001
AB 0.6576 0.6576 41.10 <0.0001
AC 0.0424 0.0424 2.65 0.1297
AD 0.0000 0.0000 0.0019 0.9659
BC 0.3853 0.3853 24.08 0.0004
BD 0.1303 0.1303 8.14 0.0145
CD 0.0040 0.0040 0.2510 0.6254
A2 0.0052 0.0052 0.3276 0.5777
B2 0.1868 0.1868 11.67 0.0051
c? 0.1155 0.1155 7.22 0.0198
D2 1.01 1.01 62.90 <0.0001
Residual 0.1920 0.0160

Lack of 0.1845 0.0184 491 01808t

Fit significant
Pure Error 0.0075 0.0038

Cor Total 8.46

Source

H
P P P RPPRPRPRRPRRRRRPRRPRREPDN

e o
o N

N
DN

The RSM result showing higher values R? (0.9773), Adjusted R2 (0.9508) and Predicted R2

(0.923) confirmed a good fitting of experimental data to model.

Figure 6.11(a) through Figure 6.11 (e) presents 3D surface plots showing various interactive
effect of pH, contact time, initial fluoride concentration and adsorbent dose for percent removal
efficiency of fluoride by using AMFSB.. Two independent variables were varied simultaneously
to evaluate interactive effects of various parameters. The 3D plot can be interrelated as red color
indicating high % removal and moving towards blue % removal decreases. It was found that %

removal of fluoride was range between 50 and 91 %.
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For fluoride removal using AMFB optimal conditions of parameters was predicted using
Desirability ramp solutions. The RSM analysis predicted maximum % removal efficiency to be
85% at optimum pH of 7.1, contact time of 165.885 min, initial  fluoride concentration of
5.26912 mg/L. and adsorbent dose of 6.21 mg/L. The results obtained by RSM were verified by
batch adsorption experiments at obtained optimum conditions. Maximum 83.6 % removal of

fluoride was obtained in batch study conducted with optimum variable conditions. The batch

study revealed that actual % removal of fluoride was very near to the results of RSM analysis. It

confirmed that RSM with BBD a design approach can be effectively employed to optimize input
parameters for fluoride removal by Acid modified biochar.

For fluoride removal using AMFB optimal conditions of parameters was predicted using
Desirability ramp solutions. The RSM analysis predicted maximum % removal efficiency to be
85% at optimum pH of 7.1, contact time of 165.885 min, initial  fluoride concentration of
5.26912 mg/L. and adsorbent dose of 6.21 mg/L. The results obtained by RSM were verified by
batch adsorption experiments at obtained optimum conditions. Maximum 83.6 % removal of
fluoride was obtained in batch study conducted with optimum variable conditions. The batch
study revealed that actual % removal of fluoride was very near to the results of RSM analysis. It
confirmed that RSM with BBD a design approach can be effectively employed to optimize input

parameters for fluoride removal by Acid modified biochar.
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Figure 6.12: Desirability ramp for numerical optimization of process parameters
6.7 Comparison of fluoride removal using AMFSB with other adsorbent
Many adsorbents have been explored and proved to be efficient in fluoride removal from water

environment as a result of endeavor put by different research through the ages. Table 6.8

demonstrates comparative results some of the previously reported adsorbents with Fish Scale
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biochar (FSB) and Acid modified fish scale biochar (AMFSB). The FSB and AMFSB showed

relatively good adsorption capacity for fluoride as compared adsorbent listed in Table 6.8

Table 6.8 Comparison of fluoride removal capacity of different adsorbent

Adsorbent Adsorption capacity Reference

(mg/g)
Used tea leaves 0.51 Methodis et al.,

Rice straw activated carbon 15.90 Daifullah et al
Baggasee carbon 1.15 Yadav et al
Activated Eicbornia crassipes 0.027 Haldar et al

Granular ceramic 0.941 Chenetal., 2010
Carbon slurry 4.66 Gupta et al., 2007
Hydroxyaptite 3.12 Mourabet et al., 2015
Egg shell powder 1.09 Bhaumik et al. 2012
Fish scale dust 4.89 Bhaumik et al., 2017
Fish scale biochar 212 Present study

Acid modified biochar 5.15 Present study

Page | 40




Chapter 7

Conclusion

7.1  Conclusions

In this present investigation a waste based Fish scale biochar and its composites was studied
for its potential to remove fluoride from water environment. The following conclusions are
derived after detailed investigation of novel adsorbents prepared for efficient fluoride removal.
The present work has demonstrated that the abundantly available fish scale in fish market has
successfully converted into an excellent and feasible adsorbents for removal of fluoride from
water environment. It will a unveil some of the existing of solid waste management problem in

the municipal market which rreduces the burden of environmental pollution due to fishery waste

In terms of the magnitude of fluoride contamination problem, exploring the novel and
environment friendly Fish scale biochar(FSB) and Acid modified fish scale biochar (AMFSB)

seems to be a promising solution for fluoride decontamination of drinking water.
7.2 Future Scope of the study
» Temperature dependent Temkin isotherm and kinetic parameters to be studied in detail.

» Hybrid process for the treatment of fluoride to be developed for further efficient removal

of fluoride

Desorption and regeneration studies to be undertaken to maximise the material usage.
This aspect could not be done in present study due to some problems imposed due to

Covid-19 pandemic.
Real life sample would be also used for exploring the efficiency fluoride removal

The experiment should be done taking the detailed investigation for effect of Iron ,

hardness causing salts etc. for multispecies effect on fluoride removal..

Page | 41




References

Abdullah, B. and Dai Viet Nguyen Vo. "An Evaluation of Fish Scales as Potential
Adsorbents: pH and Concentration Effect.” Applied Mechanics and Materials. VVol. 625. Trans
Tech Publications, 2014

Alagumuthu G., Rajan M. “Kinetic and equilibrium studies on fluoride removal by zirconium

(IV): Impregnated groundnut shell carbon”. Hem. Ind. 2010;64

Andezhath S. K., Susheela A. K., Ghosh, G. “Fluorosis management in India: The impact due
to networking between health and rural drinking water supply agencies” IAHS-AISH
Publication, 260, pp. 159-165, 1999

Bandewar S., Mane S. J., Tirthakar S. N.,” Removal of fluoride from drinking water by using
low cost adsorbent”,International Journal of Research in Engineering and Technology, 04, pp.
2319-1163,2015

Barati, A., Eskandari, Z., TaghiMiri, S., and Asgari,M., “Removal of Fluoride Ion from
Aqueous Solution by Nanocomposite Hydrogel Based on Starch/Sodium Acrylate/Nano
Aluminium Oxide”, Iranian Journal of Polymer Science and Technology, 26-5, pp. 381 -391,
2014

Bharali R. and Bhattacharyya K. G., International J. of Research in Chemistry and
Environment, 2014,4, 114-119

Begum H. A. , Kabir M.. H.“Removal of Brilliant Red from Aqueous Solutions by Adsorption
on Fish Scales” Dhaka Univ. J. Sci. 61(1):pp 7-12, 2013

Bhaumik R., Mondal N. K. , Chattorajee S., “An optimization study for defluoridation from

synthetic fluoride solution using scale of Indian major carp Catla (Catla catla): An

unconventional Biosorbent”, Journal of Fluorine Chemistry, 95, 57-69, 2017

Page | 42



https://www.sciencedirect.com/science/journal/00221139/195/supp/C

Brunson L.R., Sabatini D.A. and M. Asce, —Role of Surface Area and Surface Chemistry
during an Investigation of Eucalyptus Wood Char for Fluoride Adsorption from Drinking
Waterl, J. Environ. Eng., vol. 141,. 1-8, 2015

Chakraborty S., Chowdhury S.and Das P., “Fish (Labeo rohita) scales as a new biosorbent for
removal of textile dyes from aqueous solutions” Journal of Water Reuse and Desalination,pp.

175-184, 2012

Chidambaram S., Manikandan S., Ramanathan A. L., Prasanna M. V, Thivya, C. U.
Karmegam, R. Thilagavathi and Rajkumar K., " A study on the defluoridation in water by
using natural soil", Appl Water Sci , 3, pp.741-751, 2013.

Dahiya S. and Kaur, A. ,”Studies on removal of fluoride by coconut coir pit carbonl”, Ind. J.

Environ. Protect., vol. 19, pp. 811-814, 1999.

Demirbas, A., “Heavy Metal Adsorption onto Agro-Based Waste Materials: A Review” ,
Journal of Hazardous Materials, 157, 220-229, 2008

Das S. , Nag S. K., “ Geochemical appraisal of fluoride-laden groundwater in Suri | and Il
blocks, Birbhum district, West Bengal” .Appl Water Sci — 7 pp. 2559-2570, 2017

Fawell, J., Bailey, K., Chilton, E., Dahi, E., Fewtrell, L., and Magara, Y., “Fluoride in
Drinking Water”, World Health Organization, IWA Publishing, UK, 2006.

Gandhi N., Sirisha D., Chandra Shekar K.B. and Asthana S., “Removal Of Fluoride From
Water and Waste Water By Using Low Cost Adsorbents,” International Journal of ChemTech
Research,4(4), pp 1646-1653, 2012

Gohary F. El, Tawfik A., Mahmoud U., “Comparative study between chemical

coagulation/precipitation (C/P) versus coagulation/dissolved air flotation (D/DAF) for pre-

treatment of personal care products (PCPs) wastewater”, Desalination, 252, 106-112, 2010

Page | 43




Ganvir V. and Das K., “Removal of fluoride from drinking water using aluminum hydroxide

coated rice husk ash,” J. Hazard.Mater., Vol. 185, pp. 1287 -1294, 2011

Ghorai S. and Pant K., “quilibrium , kinetics and breakthrough studis for adsorption of
fluoride on Activated alumina”, Seperation and Purification techonology, 42(3), pp 265-271,
2005

Ghimire K. ,“Effective removal of fluoride onto metal ions loaded orange waste.” , J. Nepal

Chem. Soc. 2011;27:61-66.

Ganvir V., Das K., “Removal of fluoride from drinking water using aluminum hydroxide

coated rice husk ash”, Journal of Hazardous. Materials185:1287-1294, 2011.

Gupta, V. K., Rastogi, A., & Nayak, A. (2010). Biosorption of nickel onto treated alga
(Oedogonium hatei): application of isotherm and kinetic models. Journal of colloid and
interface science, 342(2), 533-539

Ho, Y. S., & McKay, G. The kinetics of sorption of basic dyes from aqueous solution by
sphagnum moss peat. The Canadian Journal of Chemical Engineering, 76(4), 822-827. 1998.

Hernandez M. V., Ramirez-Montoya L.A., Bonilla-Petriciolet A., Montes-Moran M.A.

“Optimizing the removal of fluoride from water using new carbons obtained by modification
of nut shell with a calcium solution from egg shell”, Biochemical Engineering. Journal (62),
1-7, 2012.

Huang Z., Shao H., Huang B., Li C., Huang Y. and Chen X., “High-performance fish-scale-
based porous carbon for the removal of methylene blue from aqueous solution” RSC Adyv.
Vol 4, pp. 18737-18743, 2014

Jamode A.,. Sapkal V. S and Jamode V. S., “Defluoridation of water using inexpensive

adsorbents” J. of Indian Institute of Sci., , 84, pp.163-171, 2004

Page | 44




Kondapalli, S., & Mohanty, K. “Influence of temperature on equilibrium, kinetic and
thermodynamic parameters of biosorption of Cr (VI) onto fish scales as suitable biosorbent”,

Journal of Water Resource and Protection, 3(06), 429., 2011

Kongsri, S., Janpradit, K., Buapa, K., Techawongstien, S., & Chanthai, S., “Nanocrystalline
hydroxyapatite from fish scale waste: Preparation, characterization and application for
selenium adsorption in aqueous solution.”, Chemical engineering journal, 215,pp. 522-532,
2013

Liu. J., Cheng, X., Peng, Y., & Chen H. , “The Adsorption of Nickel from Wasterwater
Samples on Grass Carp Scales” , Advanced Materials Research., 573, pp. 617-621 (2012).

Mandal, N., Mondal, S., Mondal, A., Mukherjee, K., & Mondal, B. (). Response surface
modeling of Cu(ll) removal from wastewater using fish scale-derived hydroxyapatite:
application of Box—Behnken experimental design. Desalination and Water Treatment, pp. 1-
14, 2015

Mann S. and Mandal N.., "Performance of Low-Cost Adsorbents for the Removal of fluoride

ions , “An overview", International Journal of Engineering Science and Innovative

Technology 3(3), 68-71, 2014.

Marrakchi, F., Auta, M., Khanday, W., & Hameed, B., “High-surface-area and nitrogen-rich

mesoporous carbon material from fishery waste for effective adsorption of methylene blue”,
Powder Technology, 321, pp.428-434, 2017

Marrakchi, F., Ahmed, M. J., Khanday, W., Asif, M., & Hameed, B. ,“Mesoporous
carbonaceous material from fish scales as low-cost adsorbent for reactive orange 16
adsorption”, Journal of the Taiwan Institute of Chemical Engineers, 71, pp 47-54, 2016
Mendoza S., Reyes J. Rios M. and. Segura E. “Fluoride removal from aqueous solutions by a
carbonaceous material from pyrolysis of sewage sludgel, Water Air Soil Pollut., 223(5), pp.
1959-1971, 2012.

Page | 45




Muhammad N Yo, Farasat I, “Extraction of biocompatible hydroxyapatite from fish scales
using novel approach of ionic liquid pretreatment” J. Separation and Purification Technology ,

vol. 161 pp. 129-135,2016

Mondal D., Gupta S. ,Reddy D.V. , Nagabhushana P., “Geochemical controls on fluoride
concentrations in groundwater from alluvial aquifers of the Birbhum district, West Bengal,
India” , Journal of Geochemical Exploration 145,pp. 190 -206, 2014.

Mobeen N. and Kumar P., “Defluoridation techniques - a critical review” ,Asian Journal
Pharma Clinical Research,10- 6,pp. 64-71, 2017

Nadeem, R., Ansari, T. M., & Khalid, A. M., “Transform Infrared Spectroscopic
characterization and optimization of Pb (II) biosorption by fish (Labeo rohita) scales”, Journal
of Hazardous Materials,” 156(1-3), pp. 64-73, 2008

Nurdiyana H., Mazlina M. K., Nor S. F. M. “Optimization of protein extraction from freeze
dried fish waste using response surface methodology (rsm)”, International Journal of

Engineering and Technology, Vol. 5, No.1, , pp. 48-56, 2008

Paparia F., Najafabadia P.R. , Ramavandi B., “Fluoride ion removal from aqueous solution,
groundwater, and seawater by granular and powdered Conocarpus erectus biochar”,

Desalination and Water Treatment , 65 (2017), pp. 375-386, 2017

Parlikar A.S. and Mokashi S.S., "Defluoridation Of Water by Moringa Oleifera- A Natural

Adsorbent", International Journalof Engineering Science and Innovative Technology, 2 (5)
.246-252 2013.

Paudyal H., Pangeni B., Inoue K., Kawakita H., Ohto K., Harada H., Alam S., “Adsorptive
removal of fluoride from aqueous solution using orange waste loaded with multivalent metal
ions.”, J. Hazard. Mater. 2011; 192:676-682.

Page | 46




Raju N. J. “Prevalence of fluorosis in the fluoride enriched groundwater in semi-arid parts of

eastern India: Geochemistry and health implications” Quaternary International 443 , 2017

Rao K. M and Metre M.," Effective Low cost Adsorbents for Removal of Fluoride from

Water:A Review” , International Journal of Science and Research, 3 ,pp.120-124 ,2014

Ribeiro C., Scheufelea F.B., Quifionesa F. R. E. Mddene A. N. M G.Carlos d Silva, Vieira
M. G A., Borbaa C.. “Characterization of Oreochromis niloticus fish scales and assessment
of their potential on the adsorption of reactive blue 5G dye” Colloids and Surfaces A:
Physicochem. Eng. Aspects 482, 693-701, 2015

Srimurali M., Pragathi, A. and Karthikeyan, J. “A study on removal of fluorides from drinking
water by adsorption onto low-cost materials”, Environmental Pollution, 99 285-289, 1998

Suriyaraj S. P., Selvakumar R., “Advances in nanomaterial based approaches for enhanced

fluoride and nitrate removal from contaminated water” RSC Adv.,6 (13), 10565-10583, 2016

Sivasankar V., Ramachandramoorthy T., Chandramohan A., “ Fluoride removal from water
using activated and MnO2-coated Tamarind Fruit (Tamarindus indica) shell: Batch and
column studies”, Journal of Hazardous Materials, (177), 719-729, 2010

Sathish R.S.,. Raju, N.S.R , Raju G.S., Rao G.N.,, Kumar KA and C. Janardhana,

“Equilibrium and kinetic studies for fluoride adsorption from water on zirconium impregnated

coconut shell carbon,” Sep. Sci.Technol., 42( 4), 769 788, 2007

Thakre D., Dixit P., Waghmare S., Manwar S. , Labhsetwar N., RayaluS., “Synthesis
optimization and fluoride uptake properties of high capacity composite adsorbent for
defluoridation of drinking water”, Environmental Progress & Sustainable Energy 34 (6),

1576-1585, 2015

Page | 47




Tomar V. Kumar D. , “A critical study on efficiency of different materials for fluoride

removal from aqueous media” , Chemistry Central Journal. 7:1-1 5.,2013

Vardhan V., Karthikeyan C., J. Removal of fluoride from water using low-cost materials. Int.

Water Technol. J, 1, 120-131, 2011.

Vieira E.F. S. , Cestari A. R., Carvalho W., Oliveira A. Chagas R. A., “The use of

freshwater fish scale of the species Leporinus elongatus as adsorbent for anionic dyes-An

isothermal calorimetric study”, J. Therm Anal Calorim 109,1407-1412, 2012

Weginwar N., Takarkhede A. G. and Kamble R. K., “Ground Water Fluoride in Chandrapur
city in Maharashtra”, Indian Journal of Environmental Protection, 28(7), 648-653, 2008.

Wu H. X.,Wang, T. J.,Chen L., Jin, Y., Zhang Y., Dou, X. M., “Granulation of Fe-Al-Ce

hydroxide nano-adsorbent by immobilization in porous polyvinyl alcohol for fluoride

removal in drinking water”. Powder Technol., 209, 92-97, 2011

Page | 48




April-4- p65

J. Indian Chem. Soc.,
Vol. 96, April 2019, pp. 429-434

Fish scale waste: Potential low-cost adsorbent for fluoride removal

Disha A. Khandare and Somnath Mukherjee*

Environmental Engineering Division, Civil Engineering Department, Jadavpur University, Kolkata-700 032, Indiz

E-mail: mukherjeesomnath19@gmail.com

Manuscript received online 31 January 2019, accepted 25 March 2019

Wastes generated at fish industry are considered as an important pollutant having a serious impact on the environment. Fish
waste generally has high biological oxygen demand (BOD) and typically possesses strong offensive smell. Fish scales con-
stitute major part of fishery waste and usually be disposed as a waste with no commercial value. The feasibility of using fish
scale derived biochar is investigated as a low-cost adsorbent for defluoridation. A batch removal and kinetic study was per-
formed to examine the efficiency of fluoride removal from simulated spiked water sample. Some influencing parameters such
as adsorbent dose contact time, agitation speed etc. on the fluoride removal kinetics are also evaluated. Experimental out-
come reveals that fish scale biochar (FSB) can successfully be used as an effective adsorbent in water environment for fluo-

ride removal.

Keywords: Fishery waste, fish scales, adsorption, biochar, fluoride removal.

Introduction

Consumption of fish and shrimp worldwide is increased
over the last decade. As an outcome of these activities a
huge production of fish scale is salvaged globally. In India,
this waste is discarded as garbage and indiscriminately dis-
posed without recovery of any useful product!. About 18-30
million tons of fish wastes is generated at fish processing
industry of which 4% are fish scales?. Depending on the fish
species, the yield of scales from fish is around 4-10%>. In
last few decades, variety of low-cost adsorbents were de-
rived from different types of waste/by-products of agricultural,
municipal and industrial sources which were reported as ef-
fective pollutant removal from water and wastewaters®. Many
conventional methods like membrane filtration, precipitation,
ion-exchange, electro-coagulation, reverse osmosis,
nanofiltration and adsorption are widely used for defluo-
ridation. These methods so far are either not sustainable or
economical for various unfavorable factors.

In past few decades, many biosorbents from various trees
and animal sources have been tried as defluoridation agents.
leaf powder>~7, activated rice husk®®, barks'®.!", tamarind
seeds'2, seed extracts of Moringa oleifera'3, tea ash'*15,
egg shell powder'®, treated powdered corn cob 7, chitin,
chitosan ' are few among them. In recent times, adsorbent
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produced from industrial waste have attracted many research-
ers for using as relatively less costly, renewable and abun-
dantly available materials. Similarly, many studies have re-
ported biochar as a universal sorbent for the removal of pol-
lutants from soil and water environment. Biochar possesses
relatively large specific surface area, high porosity and stable
carbon matrix structure which make it a material of choice 2s
an adsorbent'®. A few studies have shown fish scales are
used as effective biosorbent for removal of lead, chromium.
arsenic and many such heavy metals. Table 1 shows recent
studies made on fish scale as an adsorbent for removal of
heavy metals from water environment.

This study is conducted to examine the use of Rohu Fish
(Labeo Rohita) scales (FS) waste collected from fish market
as a raw material to produce fish scale biochar (FSB) as 2
novel inexpensive adsorbent for defluoridation of drinking
water and industrial wastewater. The primary emphasis of
this present investigation was to reduce the high amount en-
vironmental burden related to fish waste disposal. This wi
also result in value addition of usages of waste materials.
Few researchers have evaluated the potential of fish scale
to remove heavy metals from water environment as listed =
Table 1. The existing literature reveals that, no previous study
has been done to explore the potential of fish scale biochar
(FSB) for fluoride removJerom water environment which
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Excessive fluoride concentration above WHO (2011) standard (> 1.5 mg/L) is observed worldwide in groundwater. Consider-
ing its serious concern a laboratory based investigation was undertaken to find the fluoride elimination potential by the Com-
mercial Activated Carbon (CAC) and indigenously developed Fish Scale Activated Carbon (FSAC) from water solution. Batch
sorption studies were carried out to observe some important process parameters such as adsorbent dose, contact time, pH
etc. on removal kinetics. At pH 2, CAC could remove upto 75% of fluoride wheras FSAC could remove up to 92.68% of fluo-
ride at pH 6. The percent removal of fluoride enhanced with the increase in sorbent mass. The equilibration state was found
to be achieved within 2 and 3 h for CAC and FSAC respectively. Both CAC and FSAC exhibit reasonably well fluoride uptake
capacity for initial fluoride level of 7 and 5 mg/L respectively. The equilibrium data fitted well into Freundlich as well as Langmuir
isotherms models. The experimental investigations suggest that both Commercially Available Activated Carbon (CAC) and Fish
Scale Derived Activated Carbon (FSAC) can be adopted as adsorbent for defluridation purpose in the treatment of drinking
water. Fish scale derived activated carbon (FSAC) showed more fluoride uptake capacity than commercially available acti-

vated carbon (CAC).

Keywords: Adsorption, fluoride, commercial and fish scale carbon, removal kinetics.

Introduction

Water is elixir of all forms of life. Presence of undesirable
element in excess in water makes the water unfit for con-
sumptive use. Fluoride is one such kind of pollutant of con-
cern. Excessive fluoride concentration above WHO standard
(i.e.> 1.5 mglL) is observed in groundwater throughout the
globe. Prolonged consumption of water with excess fluoride
(> 1.5 mg/L) is responsible for fluorosis in human beings.
Prolonged exposure of fluoride through drinking water is be-
ing contributed to a serious health hazard of dental and skel-
etal fluorosis. The fluorine-containing rocks are main natural
geological sources of elevated fluoride levels in groundwa-
ter. Besides this, anthropogenic sources like discharges from
aluminium smelters, ceramic production units, and coal fired
power stations, electroplating processes, fertilizer manufac-
turing industries, glass manufacturing and processing indus-
tries, and semiconductor manufacturing industries are con-
tributing to fluoride contamination of water environment!.
Numerous endeavours are attempted earlier to establish a
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sustainable engineering method of fluoride removal under
different constraints in developing countries. A surge of con-
ventional engineering methods are used and practiced for
defluoridation of water with various physico-chemical un
operation. Membrane filtration techniques are broadly com-
prised of electro-dialysis, nano-filtration and reverse osme-
sis. The challenges in adopting most of these methods zr=
their limited fluoride removal capacities, high operational ans
maintenance cost, post-treatment alterations of water qua--
ity, generation of toxic sludge and its disposal into the enw-
ronment?:

Among these techniques of defloration, adsorption
method is most favoured method due to its ease of operz-
tion, greater accessibility to variety of adsorbents, lower cost
of treatment. In water purification and industrial wastewater
treatment, activated carbons are widely used an imporiznt
and efficient commercial adsorbents®. In recent years, many
defluoridation studies have foucused on preparion and use
of carbons derived from naturally available materials. The
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Fixed bed column adsorption study for removal of fluoride
by Acid modified Fish Scale Biochar.
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Abstract:
Fluoride (F) is well known geogenic water contaminant and found in many parts of the world in subsurface water. It

is element of concern due to its harmful effects on human health. In the present use of study a waste based biochar
ie. acid modified fish scale biochar was investigated for its potential to remove fluoride from water through a
modified fish scale biochar packed continuous column adsorption. The influence of some salient effect of process
parameter such as bed height, flow rate and initial F* ion concentration was investigated through breakthrough
curves and the relevant well known breakthrough models were examined. For bed height of 1, 2 and 3 cm the
breakthrough time was observed as 283.64, 441 and 673.53 min respectively. The highest breakthrough adsorption
capacity (qy) was found to 1.91 mg/gm at Smg/L initial fluoride concentration and 1 cm bed height. To further
analyze the breakthrough curves, i.e. Bed Depth Service Time (BDST), Thomas and Yoon-Nelson were applied on
experimental data. From the experimental data it is evident that the BDST model significantly demonstrates the
fixed bed adsorption with high R? values as compared to other mathematical models. The breakthrough service time
was observed as 283.64, 441 and 673.53 min for bed height 1. 2 and 3cm respectively. The breakthrough curves
were also successfully analyzed and described by both Thomas and Y oon—Nelson models.

Keywords: Fluoride removal, Biochar, Fixed bed column, Breakthrough modeling
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Ms. Disha Khandare®, Dr. Somnath Mukherjeeb

ICivil Engineering Department, Government Polytechnic, Nagpur-440030, India.
Civil Engineering Department, Jadavpur University, Kolkata-700032, India.

Abstract

Fluoride pollution in water emerges a challenging problem to environmental researchers especially in regions whers
people depend on groundwater for drinking. Natural water bodies are experienced Fluoride impurities from geogenic
and anthropogenic sources. Fluoride contamination in drinking water sources has been recognized as a major
problem in many countries worldwide especially in several parts of India, China, Sri Lanka, South Africa, Tanzania,
Argentina, East Africa, part of South Africa, Turkey and some part of South America. Intrusion of Fluoride wits
drinking water manifests several health effects such as dental caries and teeth mottling besides skeletal fluorosis
Due to clinical manifestations caused by drinking Fluoride contaminated water, the World Health Organization
(WHO) has recommended 1.5 mg L-1. Hence, it is very much needed to supply water with safe F~. Various
physico-chemical methods are available for defluoridation of water, out of which adsorption method is common amé
widely be used .to remove fluoride from water. Till date, activated alumina is most conventional adsorbing materiz.
that are conveniently being used for this purpose. However, activated alumina performed well in acidic environmes:
and regeneration issue poses a complex problem. Other traditional adsorbents though are able to uptake Fluonde
from water environment the low sorption capacities and efficiencies restricted their wide application. A majar
breakthrough took place in recent years due to application of nanomaterial in water purification. As compared wis

traditional materials used, nanostructure based adsorbents exhibited much higher
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Adsorptive Removal of Fluoride M)
from Water Using Non-conventional
Adsorbents

Disha Khandare, Ajay Tembhurkar, and Somnath Mukherjee

Abstract The rapid industrialization and ever-growing population have led to degra-
dation of water quality and reduction in availability safe drinking water. Presence
of priority and secondary pollutants in underground water is posing serious health
concerns. Fluoride in drinking water is referred as a two-edge sword for its bene-
ficial (up to 1 mg/L) and detrimental effects (>1.5 mg/L). In the present study, an
attempt is made to assess the fluoride removal efficiencies of some waste material
as well as the naturally occurring substances. In the present study, fly ash, modified
neem bark powder and fish scale biochar were investigated for their feasible use as
adsorbent for fluoride removal from water environment. Batch sorption experiments
were employed to examine the effect of influencing parameters like adsorbent dose,
contact time, pH, initial fluoride concentration and agitation speed, etc. The batch
sorption data showed non-conventional adsorbents can be used effectively in fluoride
removal and simultaneously also renders to reduce refuse disposal problem of human )
settlement. .

Q&K

Keywords Adsorption - Non-conventional adsorbent Fluoride removal + Batch
studies
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1 Introduction

The presence of fluoride contamination of drinking water source is a serious concern
worldwide. Many countries like Sri Lanka, parts of South Africa, China, Turkey
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Fish Scale Waste- a potential sustainable material for water
pollution remediation

D. A. Khandare*, S. N. Mukherjee

Civil Engineering Department. Jadavpur University, Kolkata, India
*Corresponding Author: Email - dishakhandare@gmaill.com

ABSTRACT An enormous quantity of non-edible by-products of fishery waste including fish scales
are generated at fish markets and fish-processing industries. At the end of the day this fish waste is
generally dumped in-land or hauled into water bodies haphazardly without any commercial recovery
and valorization of product. Though some components of fish waste are utilized as animal feed, fish
silage, fish-meal and in production of surgical products, biodiesel, biogas, fertilizers, natural pigments,
ornaments, cosmetics and in pharmaceutical industries still the main bulk as scale is discarded as
waste leading major concern of environmental pollution. A fish yields scales around 4-10 % of its
biomass depending on its species, which constitute major part of fishery waste. Non utilization of
industrial by-products like fishery waste has great impact on the environmental pollution and economy
of the country. In recent years use of waste based adsorbents is gaining lot of attention in water and
wastewater treatment. Use fish scales as an adsorbents for removal of dyes, heavy metals and other
inorganic pollutants from water and wastewaters is a very recent innovation and a value added
sustainable material can be used for waste management. Fish scale based adsorbents have shown
excellent adsorbent capacities in removal of heavy metals, industrial dyes and various inorganic
pollutants. Researchers have mainly studied effect of influencing process parameters, optimization,
equilibrium, kinetics and thermodynamics of adsorption. The present review aims to provide succinct
information regarding use of Fish scale as an adsorbent for water remediation, furthermore identifying
limitations and future scope of its application. Utilization of fish scale waste for removal of pollutants
from water environment can be innovative waste minimization option for Fishery waste management.

Keywords: Fish scale, adsorption, pollutants remediation, sustainable waste management
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