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A B S T R A C T   

Heteropneustes fossilis (Shing) and Otolithoides pama (Poa) fish bones were chosen as the waste source of photocatalysts which are found in the confined water and the 
Sea. The bones of these fish are composed of calcium phosphate hydroxide (CPH) which is composed of phosphate and hydroxyl groups and these groups are effective 
for the photocatalytic activity. The fish bones are characterized by X-ray diffraction (XRD), Field Emission Electron Microscopy (FESEM), Thermogravimetric 
Analysis (TGA), Differential Scanning Calorimetry (DSC), Fourier-transformed infrared spectroscopy (FTIR), Optical bandgap, Particle size analyzer, etc. Crystal
lographic information was evaluated using the XRD data focusing on the crystallinity index, lattice parameters, microstrain, crystallite size, dislocation density, 
degree of crystallinity, β-TCP percentage, HAp percentage, volume fraction of β-TCP, specific surface area, relative intensity, and preference growth. The crystallite 
size of the natural bones was estimated from the XRD data engaging a number of model equations. Photocatalytic activity of the Shing and Poa fish bones was 
evaluated by degrading Congo Red dye varying different reaction parameters such as pH, interaction time, catalyst dose, and dye concentration.   

1. Introduction 

Water pollution, which is getting worse every day, has been an issue 
and has had a lot of negative consequences on the aquatic ecosystem [1]. 
The toxic dyes discharged from the industries affect directly the water 
sources and damage the aquatic environment thus causing a great dis
order in the natural growth activity of living organisms [2]. Untreated 
dyes, of which about 15% are released directly into the environment 
during the dying process, are extremely harmful to wildlife and plant life 
[3]. It is imperative to recycle waste to minimize the environmental 
threat of pollution [4]. 

Because of the rapid increase in global fishery production, there has 
been a parallel increase in fish waste generation from fish processing, 
and it is reported that each year more than 75 megatons of fish waste are 
produced globally [5]. This huge amount of waste may possess a po
tential threat to human health through environmental hazards, but this 

could be valorized in economical and environment-friendly ways as 
reported in many studies. Some of the applications include the utiliza
tion of fish protein hydrolysate derived from fish waste as an organic 
nitrogen source in algal cultivation [5], use of fish bone as a catalyst in 
the production of biodiesel via transesterification of used cooking oil [6, 
7], use of fish bone to produce biomedical appliances [8,9] etc. 

In recent times, there has been a notable demand for cheaper pho
tocatalysts derived from biological waste for the decomposition of in
dustrial synthetic poisonous dyes before their discharge into the water 
bodies [10]. Fishbone, since composed mostly of inorganic hydroxyap
atite, reportedly has a promising application in this field [11]. It is used 
to extract and synthesize natural hydroxyapatite, which has the capacity 
to act as a photocatalyst to remove toxic metal ions and thus bleach the 
wastewater [12–16]. 

In today’s world, the demand for clean water is on the rise due to 
dramatic increase in water pollution through rapid industrialization and 
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urbanization and it is alarmed that the number of global people living in 
water scarce areas will increase to 4 billion by the next decade, which 
provides a clear message about the immediate need for wastewater 
treatment [17]. Nowadays, textiles, plastics, leather, food processing, 
medicine, pharmaceutical, paper, cosmetics and rubber industries are 
discharging toxic dyes in the effluents causing threat to aquatic crea
tures, disturbing aquatic ecosystem and public health [18] Textile in
dustries directly discharge different deeply colorful synthetic dyes into 
the water systems, which are toxic, mutagenic and non-biodegradable. 
Because of such problematic nature of the dyes, the wastewater de
mands urgent treatment for the elimination of the dyes before being 
discharged [19]. Several methods are available for the degradation and 
removal of the harmful wastewater dyes including precipitation, mem
brane filtration, flotation, coagulation, ion exchange, irradiation, 
adsorption and photocatalysis etc. [1] In a recent study in Bangladesh, 
silver carp fish bone has been reported to be an effective bioadsorbent 
for the removal of carcinogenic anionic Congo red dye from synthetic 
wastewater solution [20].Pretreated fish bone may also be effectively 
used as a proper adsorbent for the removal of cationic dye from aqueous 
solutions [21]. However, photocatalysis is known as the cheapest and a 
simple designed process in elimination of dyes from wastewater [18,22]. 

Stinging catfish (Heteropneustes fossilis), locally known as Singhi, is a 
highly consumed indigenous freshwater catfish with easily digestible 
high quality protein, high calcium and iron content and therapeutic 
value which is widely cultured in Bangladesh [23–25]. Besides, pama 
croaker (otolithoides pama), also known as poa, is a marine croaker 
species commonly consumed in Bangladesh which is quite rich in pro
tein and minerals [26]. Because of the abundance, the bones from 
Shinghi and poa were used in the present study for the removal of dyes 
from wastewater through a photocatalytic mechanism as part of their 
bio-waste management. 

In this research two types of fish bones were characterized from a 
crystallographic view point and evaluated their photocatalytic degra
dation of Congo red dye. 

2. Materials and methods 

2.1. Collection of the selected fish samples 

Two species of fish (one freshwater and one marine fish species) were 
selected for the study. The fish samples were collected from Jatrabari, 
Dhaka, Bangladesh wholesale fish market, one of the largest fish markets 
in Dhaka, Bangladesh. The samples were kept in an ice box (HDPE ice 
box, India) with each type of sample in a separate sterile iced polythene 
bag to avoid any types of contamination and then transported it to the 
Fish Technology Research Laboratory of the Institute of Food Science 
and Technology (IFST), BCSIR, Dhaka. It took approximately one and 
half hours (1.5 h) for the transportation of the samples from Jatrabari to 
the designated lab. The characteristics of the fish samples including their 
local names, common names, and scientific names have been repre
sented in Table 1. 

2.2. Chemicals and Equipment’s used 

All the chemicals required for the analyses were of analytical grade, 
procured from E-Merck (Darmstadt, Germany), and used exactly as they 
were received. Analytical grade Congo red (chemical formula: 
C32H22N6Na2O6S2; molar mass: 696.665 g/mol; λmax = 498 nm), an azo 
dye was used in the experiment to have an insight on the dye 

degradation properties of the fish bones powder. Deionized water was 
used throughout the study for cleaning as well as other purposes. The 
glassware used in this experiment was of Pyrex, England brand due to its 
resistance to breakage during extreme shifts in temperature or elec
tricity. Sophisticated instruments namely WDXRF, FT-MIR and FE-SEM 
have been employed for the characterization of fish bone powder. 
Minerals were analyzed using a flame photometer (LX406FP, LABDEX, 
UK). Ultraviolet–visible (UV-VIS) spectrophotometer (SHIMADZU UV- 
1800) was used to enumerate the photolytic dye degradation activity 
of the fish bone powder through its absorbance measurement. 

2.3. Preparation of fish bone 

The collected fish samples were labeled based on their species name 
and kept in a refrigerator (SJC-328-GY, Sharp, Japan) at − 20 ◦C until 
analysis. The samples were cleaned with tap water followed by one with 
distilled water and de-gutted with a sterile, stainless-steel knife. The 
cleaned, de-gutted samples were boiled in 100 ◦C water for about 1.5 h 
for the removal of scales, skin, meat, and traces of viscera. Then the de- 
fleshed fish bones were repeatedly washed with hot distilled water to 
remove the constituents like proteins, fat, and other organic impurities. 
Thereafter, the bones were dried in an oven at 65 ◦C for about 5 h. The 
dried bones were crushed into pieces small enough to take into a por
celain crucible and calcined in a muffle furnace at 900 ◦C for 2 h. Finally, 
the calcined bones were pulverized with a mortar pestle into a fine 
powder and kept in an airtight container (stored at 4 ֯C) for further 
analyses. 

2.4. X-RD analysis of fish bone 

To have an insight into the crystallographic information including 
phase purity, crystal grain size, degree of crystallinity, dislocation 
density, microstrain, crystallinity index, and change in the crystallinity 
of the fish bone powder was enumerated using an X-ray diffractometer 
(PAN alytical X’pert PRO XRD PW 3040) with radiation source from 
mono chromate Cu-Kα (λ = 1.54060). The standard data JCPDS (Joint 
Committee on Powder Diffraction Standards) was selected here to make 
a comparison with the synthesized fish bone powder calcium phosphate 
data. 

2.5. Morphological characterization 

To observe the surface morphology and microstructure of the two 
types of fish bones, the field emission scanning electron microscopy (FE- 
SEM) (Zeiss FE-SEM Sigma 300) technique was adopted which is 
equipped with EDX facilities that help unravel the chemical composition 
of the fish bone samples. 

2.6. Thermogravimetric analysis (TGA) 

Under a nitrogen environment and at a heating rate of 10 K/min, a 
NETZSCH STA 449 F5 simultaneous thermal analyzer (STA) was used to 
conduct thermogravimetric analysis (TGA) and differential scanning 
calorimetry (DSC). The analysis was done before the calcination of the 
sample from room temperature to 1200 ◦C. 

2.7. FTIR analysis 

Fourier-transformed infrared spectroscopy (FTIR) was carried out to 
identify the presence of functional groups in the fishbone powders. The 
sample was kept in on the ATR (attenuated total reflection)crystal of 
ATR-FTIR (Spectrum, PerkinElmer, USA). The spectra were recorded 
with a scan range of 500–4000 cm− 1. 

Table 1 
Local, common names, and scientific names of the selected fish samples.  

Local Name English/Common Name Scientific Name 

Shing Mach Asian stinging catfish Heteropneustes fossilis (Hamilton, 1822) 
Poa Mach Pama Croaker Otolithoides pama (Hamilton, 1822)  
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2.8. UV–Vis spectrophotometer 

The energy required for the electronic transition from valence band 
to the conduction band was estimated employing UV–Vis-spectropho
tometer (Shimadzu, Japan, model: U-2900) machine which was oper
ated at room temperature and at a relative humidity of 50~60%. 

2.9. Particle size analysis 

A nanoparticle analyzer machine (Model: Horiba Scientific, Nano 
Partica, SZ-100V2) was engaged to estimate the particle size of the two 
types of fish bones. The machine was operated at 100 mW laser and the 
size of the particles was estimated following dynamic light scattering 
(DLS) method. 

2.10. Photocatalytic efficiency 

A stock solution of 1000 ppm was prepared to dissolve the required 
amount of Congo red into a certain amount of de-ionized water. A 
varying concentration of Congo red dye solution was prepared by 
diluting the prepared stock solution of Congo red with distilled water. 
The photocatalytic experiment was conducted under sunlight irradia
tion on different days in the month of February/March 2023 between 10 
a.m. and 4 p.m. in Bangladesh local time. The sample solution was 
stirred in a magnetic stirrer at 250 rpm for about 10 min and kept in 
direct exposure to the sunlight until the solution turned colorless. At an 
interval of every 1.0 h the samples were taken for absorbance mea
surement using Ultraviolet–visible (UV-VIS) spectrophotometer (SHI
MADZU UV-1800) before spinning in a centrifuge (Thermo Scientific,21 
R). The only dye solution was chosen as a control for the experiments. 

3. Results and discussion 

3.1. XRD analysis (crystallographic analysis) 

The X-ray diffraction (XRD) pattern of the two types of calcined fish 
bones is illustrated in Fig. 1. These two types of bones presented very 
similar types of patterns which were matched with the standard ICDD 
database (card no# 01-082-2956) of calcium phosphate hydroxide 
(CPH). Crystallographic characterization of the natural fish bones was 
evaluated focusing the crystallinity index, lattice parameters, micro
strain, crystallite size, dislocation density, degree of crystallinity, β-TCP 
percentage, HAp percentage, volume fraction of β-TCP, specific surface 
area, relative intensity, and preference growth. The mathematic 

explanations are presented in equations (1)–(12) [27]. 

Crystallinity index,CIXRD =
∑H(202) + H(300) +

)
+ H(112)

H(211)
(1)  

Lattice parameter equation,
(

1
dhkl

)

2=
4
3

(
h2 + hk + k2

a2

)

+
l2

c2 (2)  

Microstrain, ε= β
4 tan θ

(3)  

Crystallite size,Dc =
Kλ

β cos θ
(4)  

The Dislocation density, δ=
1

(Dc)
2 (5)  

Degree of Crystallinity,Xc=
(

Ka
β

)
ˆ(3)=

(
0.24

β

)
ˆ() 3 (6)  

Percentage of β − TCP =
Iβ− TCP(0210)

IHA(211)+Iβ− TCP(0210)
(7)  

Percentage of CPH=
IHA(211)

IHA(211)+Iβ− TCP(0210)
(8)  

Volume fraction of β − TCP,XB=
PWB

1 + (P − 1)WB
(9)  

Specific surface area,S=
6 × 103

ρ × Dc
(10)  

Relative intensity,RI=
I(211)

I(300) + I(112) + I(202)
(11)  

Preference growth, P =
RIs− RIst

RIst
(12) 

Here, K= Scherrer constant, FWHM = β = full width at half maxima, 
a, b, c, h, k, l are the lattice parameters, H(hkl) = peak height, Ka =

constant, Iβ-TCP(0210) = intensity of β-TCP at (0210), P = 2.275 =

Fig. 1. XRD of Shing and Poa fish bones.  

Table 2 
Comparative table of d-spacing, intensity, lattice parameters, and unit cell 
volume.  

Lattice parameters of standard 
(card# 01-082-2956) 

Lattice parameters and experimental 
data of natural fish bones 

h k l 

ICDD Sing Fish bone Poa Fish bone 

d-spacing Intensity (I) (%) d (Å) I (%) d (Å) I (%) 

2.812 100 2.8155 100 2.8183 100 2 1 1 
2.777 50 2.7765 30 2.7831 32 1 1 2 
2.717 59 2.7213 89 2.7225 86 3 0 0 
a = b = 9.415 Å, c = 6.879 Å 

V = 528.14 Å 
a = b = 9.427 Å, c 
= 6.87 Å V =
528.73 Å 

a = b = 9.431 Å, 
c = 6.89 Å 
V = 530.76 Å   

Table 3 
Crystallographic information of the Shing and Poa fish bones.  

Parameter Shing bone Poa bone 

Crystallinity index, CIXRD 1.61 1.39 
Crystallite size, nm 93 82 
Microstrain, ε 0.09 0.08 
CPH percentage 65.45 87.78 
Dislocation density, (1015 lines/m2) 0.115 0.148 
Degree of crystallinity 11.27 18.96 
Volume Fraction of β-TCP 0.54 0.24 
β-TCP percentage 34.55 12.22 
Specific surface area, S 20.54 23.30  
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combined intensity of the CPH and β-TCP, WB = β-TCP percentage. 
A comparative table of the lattice parameters, unit cell volume and 

the relative intensity of the standard and two types of fish bones are 
presented in Table 2. 

The crystallinity index, lattice parameters, microstrain, crystallite 
size, dislocation density, degree of crystallinity, β-TCP percentage, HAp 
percentage, and volume fraction of β-TCP of the two types of fish bones 
were calculated and registered in Table 3. All the parameters of the two 
types of fish bones relatively similar, though there remained a slight 
variation. CPH percentage in the case of river fish bones are relatively 
lower than the sea fish bones which may be due to the presence of 
different types of salt in the sea water. 

To estimate the preference growth of a certain plane, relative in
tensity is required which can be calculated from equation (11). The 
relative intensity of a plane (e.g. 211 plane) can be estimated consid
ering other three plane (e.g. 300, 112, and 202 planes) and is revealed as 
in equation (11). From the relative intensity of the sample (RIs) and 
standard (RIst), the preference growth of a certain plane can be esti
mated. For the Shing and Poa fish bones the preference growth of the 
plane 211 against 300, 112, and 202 planes are − 0.10, are − 0.06, 
respectively. The negative sign of the preference growth indicated the 
thermodynamically unfavorable plane (211) of the most intense peak of 
the river and sea fish bones. 

3.1.1. Crystallite size calculation using models 
Different models have been employed to estimate the crystallite size 

of the two types of fish bones and few of the models widely used are the 
Sahadat-Scherrer model, Monshi–Scherrer method, straight line 
method, Uniform deformation model, Stress deformation model, and 
Energy deformation model. 

3.1.2. Sahadat-Scherrer model 
The crystallite sizes of the two types of natural fish bones were 

calculated from the Sahadat-Scherrer model which is mathematically 
expressed as equation (13) [28]. The details of the equation can be found 
in the published literature [29]. Fig. 2 represents the Sahadat-Scherrer 
model of Shing and Poa fish bone. 

Sahadat − Scherrer

model, cos θ=
Kλ

DS− S
×

1
β

(13) 

The crystallite sizes calculated from this model were 106, and 115 
nm for Shing fish bone and Poa fish bone, respectively. As the crystallite 
sizes was relatively small it can be said that this model is applicable for 
the estimation of crystallite size of river fish bone (Shing fish) and sea 
fish bone (Poa fish). The value was also close to the crystallite size 
calculated from the Scherrer equation. 

3.1.3. Monshi–Scherrer’s method 
The Monshi-Scherrer model is another widely applicable model for 

the computation of crystallite size from the powder XRD data. This 
model was built by putting ‘ln’ on each side of the Scherrer equation 
(equation (4)) and mathematically presented as equation (14) (details 
are presented elsewhere) [29,30]. Fig. 3 visualized the Monshi-Scherrer 
method to estimate crystallite size for Shing and Poa fish bones. 

Monshi–Scherrer method, ln β= ln
1

cos θ
+ ln

Kλ
DM

(14) 

The crystallite sizes of Shing and Poa fish bones were 119 and 76 nm, 
respectively, calculated from the Monshi-Scherrer model. These values 
were also relatively small and nearly close to each other as well as the 
previously mentioned model. 

3.1.4. Straight line method of Scherrer’s equation 
Straight line method of Scherrer’s equation (Fig. 4) is another way to 

measure the crystallite size where the Scherrer equations is utilized to 

Fig. 2. Estimation of crystallite size from Sahadat-Scherrer model.  

Fig. 3. Calculation of crystallite size from Monshi-Scherrer model.  
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build a straight line. Equation (15) is utilized to compute the crystallite 
size and the details of the model is described elsewhere [28]. 

Straight line method of Scherrer’s equation 
cos θ=

Kλ
Dc

×
1
β
=

Kλ
DL

×
1
β

(15) 

The crystallite size calculated from this model is very high that is 

Fig. 4. Measurement of crystallite size from the Straight line method of Scherrer’s equation.  

Fig. 5. Estimation of crystallite size of Shing fish bone using (a) Uniform Stress Deformation Model, (b) Uniform Deformation Energy Density Model, (c) Uniform 
Deformation Model, and of Poa fish bone using (d) Uniform Stress Deformation Model, (e) Uniform Deformation Energy Density Model, (f) Uniform Deforma
tion Model. 
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1540 and 6932 nm for Shing and Poa fish bone. But this high value of 
crystallite size cannot be accepted for the natural fish bones. So it can be 
said that this model is not valid for the analyzed samples. 

3.1.5. Williamson–Hall method 
Considering the intrinsic strain, the crystallite size can be calculated 

using Williamson-Hall method (Fig. 5). This model can be expressed as 
Uniform Stress Deformation Model (USDM), Uniform Energy Density 
Model (USEDM) and Uniform Deformation Model (UDM), and the 
mathematical form of these models are presented in equations (16)– 
(18). The details of these model can be found elsewhere [31–33]. 

The Uniform Stress Deformation Model (USDM): 

βtotal cos θ=
KBλ

DW − H
+ 4

σ
Ehkl

sin θ (16) 

The Uniform Deformation Energy Density Model (UDEDM): 

βtotal cos θ=
KBλ

DW − H
+ 4

(
2u
Ehkl

)1/2

sin θ (17) 

The Uniform Deformation Model (UDM): 

βtotal cos θ=
KBλ

DW − H
+ 4 ε sin θ (18) 

For the Shing fish bone, the crystallite size is very high which made 
these model invalid for Shing bone but small crystallite sizes were found 
for the Poa fish bone. 

3.2. Field emission scanning electronic microscopy (FESEM) 

FE-SEM was used to analyze fish bones powder morphology and 
structure prepared from the fishbone of species Heteropneustes fossilis 
(Shing) and otolithoides pama (Poa) which are shown in Fig. 6. While 

Fig. 6. FESEM and EDX of the Shing and Poa fish bones.  
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synthetic hydroxyapatite occurs in a variety of sizes and shapes, 
including spheres, sponges, and rectangles, only sphere-shaped particles 
were observed in natural fish bones, regardless of river or sea of origin. 
The mechanism of hydroxyapatite crystal nucleation and growth will be 
influenced by temperature. With a rise in temperature, the amount of 
Ca2+, OH− , and PO4

− 3 in the core will increase quickly, leading to the 
growth of a large amount of core and the production of agglomerates 
[34]. In addition, the percentages and the presence of elements on the 
fishbone of Shing and Poa fish were analyzed with the help of EDX 
(Fig. 6). The mass percentages of Ca, O, and P contained in the syn
thesized CPH from the fishbone of the Shing were 46.86, 40.32, 12.82, 
and whereas in the fishbone of Poa were 46.13, 40.17, and 13.70, 
respectively. By using a flame photometer (LX406FP, LABDEX, UK), the 
calcium content was also calculated. The calcium content in the fish 
bones from Shing and Poa was determined by using a flame photometer 
(LX406FP, LABDEX, UK) and found to be 39.05% and 37.32% respec
tively, which is approximately consistent with the data collected from 
EDX. The data obtained from FTIR data and XRD has not revealed any 
other elements except Ca, O, and P. Hence, it is conceivable to foresee 
that the fish bones contained no additional material. 

3.3. TGA analysis 

The decomposition pattern of the bone was investigated from Fig. 7 
Loss of interstitial water led to an initial loss of weight of around 10.17% 
and 6.44% for Shing and Poa respectively, in the range of 30–205 ◦C, as 
demonstrated by an endothermic peak in the DSC curve at this region. In 
the range of 205 and 600, considerable weight loss occurred as a result 

of the breakdown of organic molecules. When heated to temperatures 
between 280 ◦C and 590 ◦C, shing and poa lose roughly 35.78 and 
23.05% of their weight, respectively. Shing and Poa have respective 
residual masses of 43.41 and 63.33%. 

3.4. FTIR analysis 

The FTIR spectra of the fishbone of Shing and Poa were shown in 
Fig. 8. Both spectra show a sharp peak at 1023 and 1094 cm− 1 which is 
due to the asymmetric stretching vibration of O–P of the PO4

3− whereas 

Fig. 7. TGA and DSC curve for fishbone of Shing and Poa.  

Fig. 8. FTIR spectra of fish bone of Shing and Poa.  
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the peak at 953 cm− 1 symmetric mode of vibration. The two less intense 
peaks at 602 and 559 cm− 1 denote the bending vibration mode of the 
phosphate group. FTIR spectrum of Shing showed a more intense peak 
near 3500 cm− 1 which of O–H stretching and a peak at 630 cm− 1 is due 
to the O–H contraction mode of the hydroxyl group. The peak at 1415 
cm− 1 might be due to the substitution of the PO4

3− by the CO3
2− of Car

bonate CPH. All the characteristic peak in the spectra obtained from 
FTIR analysis of fishbone of shing and poa is similar to the previously 
reported spectra of CPH where phosphate plays a vital role during the 
degradation of dye [18]. 

3.5. Band gap energy 

Optical bandgap energy of the Shing and Poa fish bone were calcu
lated from the electronic transition of valence band (VB) to conduction 
band (CV). P. Kubelka and F. Munk theory was employed to obtained the 
data in the absorbance form then the optical bandgap was estimated 
form the Tauc plot following equations 19–21. The details of the 
methods can be found in published literature [29] and Fig. 9 illustrates 
the optical bandgap of Shing and Poa fish bones. The Band gap energies 
for Shing and Poa fish bones were 4.11 and 4.84 eV, respectively. 

∝hϑ=A
(
hϑ − Eg

)n (21)  

F(R∞)=
K
S
=
(1 − R∞)

2

2R∞
(22)  

F(R∞) hϑ=A
(
hϑ − Eg

)n (23)  

here ν = photon’s frequency, h = Planck constant, A = constant, Eg =
band gap energy, K = absorption coefficient, R∞ = reflectance at in
finity, S = scattering coefficient. 

3.6. Particle size analysis 

The size of the particle of the CPH produced from the fishbone of 
Shing and Poa was analyzed using a Nanoparticle Size Analyzer 
(nanoParticaSZ-100-S2, HORIBA scientific ltd, Japan) at 25.1 ◦C 
following the dynamic light scattering method. The size of the particle 
was found to be 1964.4 nm and 2638.8 nm for the fishbone of Poa and 
shing respectively. 

3.7. Photocatalytic activity 

The photocatalytic activity of the catalyst CPH (Poa) and CPH 
(Shing) was performed under direct irradiation of sunlight where Congo 
red was used as a dye. The degradation percentage (Dp) was calculated 
using the equation, Dp= (C0-CHAp)/C0 Where C0 is the concentration of 
dye and CHAp is the concentration of the solution containing catalyst. At 
first, the dose of catalyst was optimized for further analysis of photo
catalytic activity keeping constant dye concentration at 1hr, and the 
degradation percentage (DP) was presented in Fig. 10 (a). The figure 
showed that with increasing the catalyst weight, the DP also increased 

Fig. 9. Bandgap energy of the Shing and Poa fish bones.  

Fig. 10. Degradation percentage with a variation of catalyst weight (a), dye concentration (b), time (c).  
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for both the fishbone and the degradation percentage for the 0.1 g and 
0.08 g catalysts were maximum. Considering the suitability of a lower 
dose 0.08 g catalyst dose was chosen from here for performing the 
analysis. 

Then the DP was measured after 1hr from the mixing time of 0.08 g 
of catalyst to the 50 mL of dye solution having different concentrations 
(10 ppm, 20 ppm, 40 ppm, and 60 ppm). And the DP was found to be 
high for both the fishbone of poa and shing when 10 ppm Congo red was 
used (Fig. 10 (b)). At last, the photocatalytic activity was monitored at 
different time intervals (30 min, 60 min, 120 min, and 180 min) using a 
0.08 g of catalyst and a 10.0 ppm solution of dye and the results of the 
photocatalytic degradation were given in Fig. 10(c). The degradation 
percentage for both catalysts increased with time but the catalyst CPH 
(Poa) degraded a greater amount of dye than CPH (Shing) and reached 
the maximum degradation percentage (almost 82%) whereas the cata
lyst CPH (Shing) degraded a maximum of 73% of the dye within 3 h. 

From the figure, it can be seen that the DP value after 1st hr was not 
found to be changed significantly. So CPH (Poa) could be a more po
tential source than CPH (Shing) to play a significant role in azo dye 
removal during wastewater treatment. The tentative mechanism of 
photocatalytic degradation of azo dyes using CPH is much more popular 
and given by the following Fig. 11 [1,18]. 

Superoxide anion radical (O2
. ) and hydroxyl radical (HO.) were 

created from O2 and H2O molecules through interactions between the 
negative charge of the electrons and the positive charge of the meso
porous holes. The produced negatively active free radical is strongly 
bound with the positive hole. Then the adsorbed molecules of Congo dye 
are broken down into CO2 and H2O by these active species of CPH [18]. 
The degradation of Congo dye was observed for optimized composition 
after 1hr which was given in Fig. 12. From the curve, it can be seen that 
both the fishbone provided a greater degradation at neutral (pH = 7) 
and slightly acidic conditions (pH = 5). However, the absorbance at 498 
nm for the fishbone of shing was higher for every medium condition 
(acidic, basic, and neutral) compared to the fishbone of Poa which in
dicates the greater degradation capacity for the fishbone of Poa. The 
figure also showed the slight shifting of the position of maximum 
absorbance to the right direction of wavelength i,e bathochromic shift 
with the increasing of pH value of the medium. 

4. Conclusion 

Photocatalytic degradation of textile effluent is one of the most 
efficient methods of wastewater treatment. Nano-crystallite waste fish 
bone can be utilized as an efficient photocatalyst for the degradation of 
Congo Red dye. The utilization of waste fish bones will reduce the 
environmental pollution and add new low cost photocatalyst for the 

Fig. 11. Photocatalysis degradation process.  

Fig. 12. PH variation curve for photo degradation.  
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degradation of textile effluent. The crystallographic characterization of 
waste Shing and Poa fish bone will open new ways of application in 
different fields will minimize the environmental pollutant. From this 
research it is suggested to use waste fish bones for photocatalytic 
degradation of textile effluent (Congo Red dye). 
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