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A B S T R A C T   

The bones of two fish species, Oreochromis niloticus and Katsuwonus pelamis, were chosen in this 
research for evaluating their photocatalytic efficacy under solar radiation. The fish bones were 
isolated and conditioned before analyzing crystallographic parameters. The samples were char
acterized by using different instrumental techniques such as Fourier Transform Infrared (FTIR), X- 
ray diffraction (XRD), Energy Dispersive X-ray (EDX), Field Emission Scanning Electronic Mi
croscopy (FESEM), and optical bandgap. From the XRD data, various types of crystallographic 
information such as crystallite size, microstrain, lattice parameters, dislocation density, degree of 
crystallinity, crystallinity index, Hydroxylapatite (HAp), the volume fraction of β-TCP, β-Trical
cium phosphate (β-TCP) percentage, and specific surface area were evaluated. Different model 
equations such as the Sahadat-Scherrer model, Linear Straight-line model, Monshi–Scherrer’s 
method, and Williamson–Hall plot were employed to justify the nano-crystallite size. The pho
tocatalytic efficacy of the two types of samples was explored by changing the catalyst concen
tration, dye concentration, interaction time, pH of the solution, etc. under solar irradiation.   

1. Introduction 

There are different types of dyes that are widely used in food, textiles, pharmaceuticals, paper, paint, leather, etc. These dyes are 
directly or indirectly polluting the environment [1]. The removal of these dyes is essential for a sustainable environment as well as for a 
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clean water system. During the processing of textile dyes nearly huge amount of water is required (200 L) per Kg of textile production 
and this large quantity of water produces liquid effluent containing different types of dyes [2,3]. Different types of dyes remain 
unreacted during the dyeing processes such as reactive dye (20–50%), azo dye (5–10%), sulfur dye (30–40%), direct dye (5–20%), acid 
dye (7–20%), and pigment dye (1–2%) [4,5]. Most of the synthetic organic dyes are able to produce solution with water and remain 
unreacted in normal environmental conditions [6]. The textile dyes are very difficult to be degraded under normal wastewater 
treatment procedures. There are different ways to get rid of the problems associated with polluted water such as adsorption [7], 
photo-catalyst [8], marine microalgae [9], adsorption on nano composites [10], etc. The photocatalytic way of organic pollutant 
removal is one of the most used ways and this process produces no secondary pollutants. There are different types of photo-catalysts 
such as TiO2 [11], g-C3N4/TiO2 [12], TiO2-WO3 Nanocomposite [13], hydroxyapatite [14], ZnCoO [15], ZnFe2O4 [16], ZnO [17], 
spinel ferrites/metal oxide nanocomposites [18] etc. There remains a cost associated with the catalyst which ultimately enhances the 
total cost of the wastewater treatment process. To minimize the cost it is necessary to use low-cost catalysts for a sustainable envi
ronment [19]. There is a huge demand for water in industries as well as human consumption nearly 4.0 trillion m3 is required for 
industrial application and 0.01 trillion m3/day is demanded by human consumption [20,21]. Thus the cost of the catalyst is an 
important consideration for the fruitful applications of any catalysis process during waste-water treatment. The source of photon is 
another issue to be considered during the photocatalyst, normally conditioned light is utilized for this purpose which also demands 
energy and/or cost [22]. 

In this research, two types of waste fish bones of the river and marine origin were utilized as the low-cost source of catalysts, and 
normal sunlight was chosen as the source of photons. The combination of these two low-cost sources was facilitated by the addition of 
crystallographic analysis of the catalyst to explore the reasons behind the variation of photocatalytic activity. 

2. Materials and methods 

2.1. Materials 

The samples (Oreochromis niloticus (Tilapia) and Katsuwonus pelamis (Surma)) were received from a local wholesale fish market 
named Jatrabari, Dhaka, Bangladesh. The samples were kept in an ice box (HDPE ice box, India) with each type of sample in a separate 
sterile polythene bag to avoid any types of contamination, and then transported (within 1.5 h) to the Fish Technology Research 
Laboratory of the Institute of Food Science and Technology (IFST), BCSIR, Dhaka. All the chemicals (Congo red dye, NaOH, HNO3) 
were of analytical grade which were purchased from E-Merck (Darmstadt, Germany), and used exactly as they were received. 

2.2. Sample preparation 

The collected fish samples were kept in a refrigerator (SJC-328-GY, Sharp, Japan) at − 20 ◦C until further use. The samples were 
cleaned and de-gutted with a sterile, stainless-steel knife. The cleaned samples were boiled until de-fleshed enough to isolate bones 
within them. The bones were left for daylong sun drying in non-metal plates with a lid covering the upper side to avoid contamination 
and then kept in an oven for 1 h at 105 ◦C. Finally, crushing the dried fish bones into pieces small enough to take into porcelain crucible 
and sintering it in a muffle furnace at 900 ◦C for 2 h. The whitish residue remained in the crucible after sintering in the furnace and the 
samples were packed into zipper bags with proper labeling and stored in a desiccator for further application. To observe the dye 
degradation capacity, a dye solution (Congo red) of different concentrations (1000, 100, 80, 60, 40, 20, and 10 ppm) has been prepared 
using deionized water at the required level. All the catalytic activities were performed under the sunlight from December to January. 

2.3. X-ray diffraction 

A Rigaku SE instrument was engaged to explore the crystallographic information of the natural fish bones of two species. The 
diffraction data were recorded in the wide range (from 5 to 80◦) upholding 0.01 steps. Before analyzing the main sample the in
strument was calibrated with the aid of a reference (standard silicon). The instrument temperature was fixed at 20–22 ◦C for collecting 
all the data when Copper tube (CuKα, λ = 1.5406 Å) was utilized as the source of X-ray maintaining 50 mA and 40 kV operating current 
and voltage, respectively. 

2.4. FTIR analysis 

Fourier transform infrared (FTIR) spectroscopy technique was functionalized to predict the activating groups in the analyzed 
samples. For the analysis, PerkinElmer Fourier Transformed Infrared Spectrometer was employed which was appended with a dia
mond attenuated total reflection (ATR) accessory (Frontier, PerkinElmer, UK; Software: Spectrum version 10.4.4). The spectra were 
recorded with a wavelength range of 650–4000 cm− 1 at a resolution of 4 cm− 1. 

2.5. Scanning electron microscopy analysis 

To observe the surface morphology and microstructure of the fish bones, field emission scanning electron microscopy (FE-SEM) 
(model: Zeiss FE-SEM Sigma 300) technique was adopted which was equipped with an EDX facility that helps to unravel the chemical 
composition of the fish bone samples. The machine was operated at 15 and 20 kV operating voltage. 

Md.Z.U. Al Mamun et al.                                                                                                                                                                                            



Heliyon 9 (2023) e18012

3

3. Results and discussion 

3.1. Crystallographic analysis 

A similar type of X-ray diffraction (XRD) pattern was observed for the two types of fish bones which are visualized in Fig. 1. The 
XRD data were utilized to estimate the crystallographic parameters of natural apatite. The significant reflection for the Tilapia fish 
bone was found at d-spacing (in Angström) and the crystallographic plane of 3.42 (002), 3.07 (210), 2.80 (211), 2.77 (112), 2.71(300), 
2.62 (202), 2.52 (301), 2.25 (130), 1.94 (222), and 1.83 (213) which were identical to the standard apatite, more precisely hy
droxyapatite (HAp) phase according to the standard ICDD database (card no#01-074-0566). Thus, the hexagonal crystal system of the 
P63/m (176) space group was counted for the rest of the calculation to explore different types of crystallographic parameters. A very 
similar pattern of Surma fish bone was found at d-spacing (in Å) and the crystallographic plane of 3.41 (002), 3.07 (210), 2.80 (211), 
2.76 (112), 2.71(300), 2.61 (202), 2.52 (301), 2.25 (130), 1.94 (222), and 1.83 (213). This sample also belongs to the hexagonal 
crystal system and P63/m (176) space group. For both samples, some extra reflection data were noticed which may be due to the 
existence of a secondary phase of β-tricalcium phosphate (β-TCP). Normally β-TCP is found along with the hydroxyapatite and 
reflection was counted in ~2.86 (0210) which is characteristic of the β-TCP phase and similar data were documented elsewhere [23]. 

The crystallographic investigation was accomplished by calculating the crystallite size, lattice parameters, microstrain, dislocation 
density, crystallinity index, degree of crystallinity, HAp and β-TCP percentage, and volume fraction of β-TCP. To measure these pa
rameters, equations (1)–(10) were taken into consideration and the description of these equations were documented elsewhere 
[24–26]. 

Crystallite size,Dc =
Kλ

β cos θ
(1)  

Lattice parameter equation,
(

1
dhkl

)2

=
4
3

(
h2 + hk + k2

a2

)

+
l2

c2 (2)  

Microstrain, ε= β
4 tan θ

(3)  

Fig. 1. X-ray diffraction of (A) Surma and (B)Tilapia fish bone.  
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Dislocation density, δ=
1

(Dc)
2 (4)  

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

)
+ H(112)

H(211)
(5)  

Crystallinity index,CI112/300 = 1 −
V112/300

I300
(6)  

Degree of Crystallinity,Xc=
(

Ka
β

)3

=

(
0.24

β

)3

(7)  

Percentage of HAp=
IHA(121)

IHA(211) + Iβ− TCP(0210)
(8)  

Percentage of β − TCP =
Iβ− TCP(0210)

IHA(211) + Iβ− TCP(0210)
(9)  

Volume fraction of β − TCP,XB =
PWB

1 + (P − 1)WB
(10) 

Here, FWHM (full width at half maxima) = β (in radian), K= The Scherrer’s constant; θ = diffraction angle (degree); a, b, c and h, k, 
l are the lattice parameters and Planes of unit cell; Height of the peak of (hkl) plane = H(hkl); Ka = constant for apatite the values 0.24; 
Iβ-TCP(0210) is the intensity at (0210) plane of β-TCP and IHA(0210) for HAp; WB = percentage of β-TCP; P = constant = 2.275. 

The specific surface area (S) for the two types of samples was counted by fetching equation (11) [27]. In the equation, ρ and Dc 
symbolize the density and crystallite size of the samples. 

Specific surface area,S=
6 × 103

ρ × Dc
(11) 

The characteristics of d-spacing, relative intensities, lattice parameters, and volume of the unit cells are registered in Table 1. And, 
the crystallite size, lattice parameters, microstrain, dislocation density, crystallinity index, degree of crystallinity, HAp and β-TCP 
percentage, specific surface area, and volume fraction of β-TCP are recorded in Table 2. 

The d-spacing and relative intensities were depicted in Table 1 where lattice parameters along with the unit cell volume were also 
listed. Lattice parameters of the two types of samples were lower than the standard (International Centre for Diffraction Data) ICDD 
and resulted in contraction of unit cell volume. The maximum shrinkage was noticed along the a and b axis of the Tilapia fish bone. In 
tune with the compacting property of the unit cell of the Tilapia fish, a higher microstrain (Table 2) was found for the same sample. For 
the Surma fish bone, shrinkage occurred along c axis, and a relatively higher unit cell volume was formed but this was also lower than 
the standard ICDD database. 

When the crystallite sizes are small, a larger surface area is found if there is no aggregation among the crystallites or particles. In the 
case of Tilapia, relatively large crystallite sizes were obtained and thus lower surface area and vice versa have resulted which are 
registered in Table 2. The larger the crystallite size the probability of generating dislocation is lower, and a similar trend was found for 
the Tilapia fish bone by forming a lower dislocation density than the Surma fish bone following the sizes of crystallites. For the 
simplicity of the process, in this case, line dislocation was considered instead of point dislocation, and area dislocation. The dislo
cations in crystallites are widely known as the crystal imperfection. From the percentages of HAp and β-TCP it was clear that the 
natural fish bone contained biphasic calcium phosphate (Table 2). 

Structural indicators also known as the preference of a certain plane can be estimated from the relative intensities (RI) of XRD data. 
The relative intensity of (211) plane was considered against (002), (300), and (112) planes which were estimated from Equation (12) 
[28]. The same standard ICDD card was utilized to compute the standard’s relative intensity. 

Table 1 
Comparison of machine-generated and computed lattice parameters with the standard ICDD data.  

Standard values and lattice parameters Experimental data and the calculated lattice parameters of natural fish bone Millar index, h k l 

ICDD (#01-074-0566) Tilapia Surma 

d-spacing (Å) Intensity, I (%) d (Å) I (%) d (Å) I (%)  
2.8146 100 2.8070 100 2.8013 100 2 1 1 
2.7781 51 2.7711 30 2.7658 35 1 1 2 
2.7204 61 2.7132 94 2.7243 88 3 0 0 
a = b = 9.424 Å 

c = 6.879 Å 
V = 529.09 Å3 

a = b = 9.399 Å 
c = 6.856 Å 
V = 524.52 Å3 

a = b = 9.437 Å 
c = 6.8356 Å 
V = 527.19 Å3 

Volume of unit cell, V =
√3
2

a2c   
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RI=
I(211)

I(002) + I(112) + I(300)
(12) 

The relative intensity of the Tilapia, Surma, and standard were 0.668, 0.602, and 0.677, respectively. The preference growths of the 
Tilapia and Surma were calculated by exploiting equation (13) [28]. 

Preference growth, P=
RI − RIs

RIs
(13) 

The calculated preference growths were − 0.0133, and − 0.112 for Tilapia and Surma fish bone, respectively. The negative sign in 
the values represents the thermodynamically unfavorable direction of (211) plane with respect to (002), (112), and (300) planes. Thus, 
the natural fish bone either marine or river, the (211) plane is not preferable under the experimental conditions. 

3.2. FTIR analysis 

Fig. 2 represents the Fourier Transform Infrared (FTIR) spectra of Tilapia and Surma fish bone where functional groups were 
identified from the peaks originating from the vibrational energy of activating groups. The mentioned fish bones contained 

Table 2 
Crystallographic characterization of Tilapia and Surma fish bone.  

Parameter Tilapia Surma 

Crystallite size, nm 89.9 70 
Microstrain, ε 0.078 0.018 
Dislocation density, (1015 lines/m2) 0.124 0.20 
Crystallinity index, CIXRD 1.52 1.45 
Crystallinity index, CI112/300 0.94 0.92 
Degree of crystallinity 22.59 18.96 
HAp percentage (%) 81.78 70.96 
β-TCP percentage (%) 18.21 29.03 
Volume Fraction of β-TCP 0.34 0.48 
Specific surface area, S (m2/g) 21.25 27.29  

Fig. 2. FTIR spectra of (A) Tilapia and (B) Surma fish bone.  
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hydroxyapatite as the main constituent comprising the hydroxyl group, phosphate group, and free moisture. The two types of fish 
bones presented an identical spectrum. The intense peak for the vibration of phosphate groups was revealed at 1027 cm− 1 and 1029 
cm− 1 for Tilapia and Surma fish bone, respectively. This peak was accompanied by a peak at 982, and 981 cm− 1 for Tilapia and Surma, 
respectively. Another peak with more energy was arisen at 1087 and 1089 cm− 1 for the bone of Tilapia and Surma, respectively. 
Comparable FTIR data were published in a number of research articles [29]. The higher and lower energy peaks were accountable for 
the asymmetric stretching vibrational and non-degenerate mode of phosphate group. No significant peak, rather a very small peak, was 
visualized for the presence of hydroxyl group and free moisture near 3400 cm− 1. A very similar types of FTIR spectra were reported in 
the published literatures [25,30]. 

3.3. Field Emission Scanning Electronic Microscopy (FESEM) 

The surface morphology of Tilapia and Surma fish bone was explored with the aid of FESEM and Energy dispersive X-ray (EDX) 
which are presented in Fig. 3. A wide variation of the size and shape such as sphere, sponge-like, ribbon-like, niddle shape, and 
rectangular shape of synthesized hydroxyapatite can be found [31]. But, in the case of natural fish bone, only the sphere shape of 
particles was noticed no matter whether the origin was river or sea. The particles also remained in the aggregate form with different 
sizes. EDX analysis was executed to explore the element present in the fishbone. The mass percentages of Tilapia fish bone were 44.05, 

Fig. 3. (A), (B) FESEM of Tilapia and (C) EDX of Tilapia, and (D), (E) FESEM of Surma and (F) EDX of Surma.  
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11.50, and 44.45 for O, P, and Ca, respectively. Very similar values were found for the Surma fish bone such as 45.05 10.81 44.14 for O, 
P, and Ca, respectively. The calcium content of the two types of fish bone was also estimated using a flame photometer (LX406FP, 
LABDEX, UK) where ~30% and ~40% of calcium was found for Tilapia and Surma fish bone, respectively. XRD and FTIR data also 
presented similar results for the two types of fish bones, and in the case of the FESEM image as well as the elemental analysis by EDX 
revealed identical results though there was variation in the crystallographic analysis from XRD. Thus, it can be predicted that there was 
no extra material in the fish bones. Different images were captured for the clarification of data. 

3.4. Estimation of crystallite size 

3.4.1. Sahadat-Scherrer model 
In crystalline materials, the sizes of crystals are very crucial for the fruitful applications of nano-crystallites. Normally, the crys

tallite sizes are estimated utilizing the Scherrer equation but when the crystal planes are more, then different model equations are 
employed. To compute crystallite size, Sahadat-Scherrer model was operated for reasonable values and equation (14) represents this 
model the details can be found elsewhere [26,32]. In this model equation all the reflections were counted for the calculation of 
crystallite size where a straight line was built which passes through the origin. The formed straight line was compared with the 
standard equation of the straight line (y = mx), and the crystallite size was estimated by using the slope of the formed equation. 
Electronic supplementary information (ESI) Figures S_1(A) and S_1(B) represents the graphical form of the Sahadat-Scherrer equation 
and the inscribed values are for the crystallite size of Tilapia and Surma fish bone. 

Sahadat − Scherrer model, cos θ =
Kλ

DS− S
×

1
FWHM

(14)  

3.4.2. Linear Straight-line model 
The linear Straight-line model is another extensively applied model for the computation of crystallite size which can be formed by 

rearranging the Scherrer formula. The equation form of the Linear Straight-line model can be expressed as equation (15) the details of 
this model can be found elsewhere [33]. 

Linear Straight − line model, cos θ =
Kλ
Dc

×
1
β
=

Kλ
DL

×
1
β

(15) 

ESI Figures S_2(A) and S_2(B) visualize the Linear Straight-line model containing the crystallite sizes. The crystallite size obtained 
from this model were 1733, and 1540 nm for Tilapia and Surma bone, respectively. The crystallite sizes were computed from the slope 
of equation (15) and compared with the standard equation of a straight line. These crystallite sizes were too large for accepting the 
values as crystallite size. Thus, this model is not valid for the natural hydroxyapatite of fish bones. 

3.4.3. Monshi–Scherrer’s method 
The Scherrer equation can be rearranged and formed new equation (equation (16)) by taking the logarithm on both sides. The 

rearranged and logarithm form is commonly familiar with as the Monshi-Scherrer model which can also be utilized to predict the 
crystallite size and the details of this model are reported elsewhere [34,35]. 

Monshi–Scherrer method, ln β= ln
1

cos θ
+ ln

Kλ
DM

(16) 

The plots were built as presented in ESI Figures S_3(A), and S_3(B) for Tilapia and Surma bone, and using the slope of the build 
equation the crystallite sizes were measured. Very similar crystallite sizes originated from this method which were very close to the 
previously mentioned equation and model. 

3.4.4. Williamson–Hall plot 
Broadening of reflection in XRD depends not only on the crystallite size but also on the intrinsic strain. The Williamson–Hall plot 

considers the intrinsic strain and thus the formed equations were listed here in equations (17)–(19) for the Uniform deformation 
model, Stress deformation model, and Energy deformation model, respectively. The details of these models are documented elsewhere 
[36–39]. 

The mathematical expression of Uniform Deformation Model (UDM) as: 

βtotal cos θ=
KBλ

DW− H
+ 4 ε sin θ (17) 

The equation form of Uniform Stress Deformation Model (USDM) is: 

βtotal cos θ=
KBλ

DW− H
+ 4

σ
Ehkl

sin θ (18) 

The Uniform Deformation Energy Density Model (UDEDM) can be written as: 
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βtotal cos θ=
KBλ

DW− H
+ 4

(
2u
Ehkl

)1/2

sin θ (19) 

The crystallite size of the Tilapia and Surma fish bone estimated from the Williamson–Hall plot are inscribed in the respective figure 
(ESI Fig. S_4). The crystallite size of the Tilapia fish bone was always higher then Surma bone and the maximum values were found for 
Tilapia fish bone which cannot be within the acceptable size. Thus, this model fails to fit the two types of fish bone of marine and 
freshwater. 

3.5. Photocatalytic activity 

The photocatalytic efficacy of the two types of fish bones was explored by calculating the degradation percentage and degradation 
capacity as presented in equation 20, and 21, and the details can be found elsewhere [14]. In the equations, the Co, Ct, V, and W 
represent the initial concentration, final concentration, volume of aqueous solution, and weight of catalyst, respectively. 

Degradation percentage,Dp =
Co − Ct

Co
× 100 (20)  

Degradation capacity, qe =
Co − Ct

W
× V (21) 

The photocatalytic activity of the fish bones was evaluated under solar radiation between June 2022 to February 2023. The volume 
of the aqueous solution was 40 mL, the catalyst concentration was 0.1 g, the exposure time was 120 min, and the dye concentration was 
20 ppm, if it is not mentioned otherwise. 

With the addition of time, the degradation percentage and capacity were augmented and the maximum value was found for the 240 
min. The data were collected for 0.1 g, 20 ppm, and 40 mL solution. Fig. 4 visualizes the catalytic effect of Tilapia and Surma fish bone 
and the time was fixed at 120 min. The Tilapia fish bone revealed a relatively higher degradation percentage and capacity than the 
Surma fish bone. To explore the catalytic effect, a variation was made in the catalyst amount from 0.1 g to 0.4 g, and the originated plot 
is illustrated in Fig. 5. With the enhancement of the amount of the catalyst, the degradation percentage was augmented but the 
degradation capacity was declined. The Tilapia fish bone also exerted a higher degradation percentage than the Surma bone, and a 
similar trend was noticed for the degradation capacity. A comparison was presented in Table 3 focusing on the degradation of the 
previous work and the present work. When different dye concentrations were used for 0.1 g catalyst, the degradation percentage was 
decreased sharply, but the degradation capacity was increased for both types of bone. The degradation percentage and capacity of the 
Tilapia bone were higher than the Surma bone as found in the previous sections. Fig. 6 shows the effects of dye concentration on the 
degradation percentage and capacity. The variation of pH in the solution influenced the photocatalytic activity of Congo red dye 
degradation. The pH varied from 5 to 11 with an interval of two and the data are exerted in Fig. 7. The basic media and acidic media 
were maintained using ammonium solution and nitric acid, respectively. The maximum degradation was noticed for the neutral pH 
(pH = 7) and at a lower of higher pH, the degradation was subsided. Another important phenomenon has occurred during the change 
of pH which is the movement of peak position. At higher pH than the neutral value, the peak position shifting was occurred to the 
higher wavelength similarly at lower pH the maxima shifted to the lower pH. This movement of the peak position may be due to the 
bond formation of Congo red dye with the H+ and/or OH− . 

3.6. Condition of photocatalyst during dye treatment 

Fig. 8(A) and (B) represent the FTIR of the Tilapia and Surma fish bone during the catalytic process of dye degradation, the FTIR of 

Fig. 4. Optimization of time for 0.1 g catalyst, 40 mL dye solution of 20 ppm.  
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Congo Red Dye was illustrated in Fig. 8(C) the FTIR of pure dye represents the significant peaks at 1638, 2140, and 3340 cm− 1 

wavenumbers on the other hand the pure catalysts showed identical peaks at 982, 1029, and 1089 cm− 1 (Fig. 2). A similar FTIR 
spectrum was reported in the literatures with nearly identical peaks [55]. When the catalytic activity of the fish bones was performed, 
at the initial stage the dye was attached on the surface of the catalyst then the dye was gradually degraded. The intensity of the specific 
peak (for this case 3340 cm− 1) was decreased with the increment of time. A mixture of peaks originated which were the combination 
peaks of the fish bones and dye together, and this phenomenon was clearly visualized in Fig. 8(D) when the FTIR spectrum was shown 
in the range of 3000–4000 cm− 1 wavenumber. With the lapse of time, the intensity of the peak near 3350 cm− 1 wavenumber was 
subsided following a pattern which indicated more degradation of dye with time. This experiment was performed for up to 120 min 
and the mixture of peaks still remained which goes in tune with the photocatalysis activity shown in the previous section. Table 4 
represents the FTIR band of the samples. 

3.7. Bandgap energy 

The optical bandgap energy was calculated for the two types of fish bones which are presented in Fig. 9(A) and 9(B) for Tilapia and 
Surma, respectively. Equation (15) was employed to compute the direct bandgap and the details are documented elsewhere [24,56, 

Fig. 5. Optimization of catalyst dose for 120 min time, 40 mL dye solution of 20 ppm.  

Table 3 
Comparison of the photocatalytic activity of fish bones.  

Catalyst/compound Condition Degradation (%)/Adsorption 
capacity 

Dye/Pollutant Ref. 

FB-HAp 240 min, 20 ppm, 40 mL, 0.1 g 65% Congo red This 
study 

Fish bone powder 4 h, 200 ppm, 300 ppm, 100–700 
mg 

91–97% Congo red [40] 

Pretreated fish bone 60 min, pH 10.64, 0.1gL-1 92% Methyl green [41] 
FB-HAp 75 min, 50 mgL− 1, 10 mg 77% (Crystal violet), 87% 

(Congo red) 
Crystal violet, Congo red [42] 

S-HAp (chicken egg shell) 120 min, 10 × 10− 6M, pH 9, 0.2 g 99.82% Methylene blue [43] 
Ga-HAp (chemically synthesized) 120 min, 1 gL-1, UV light 62% Methylene blue [44] 
Cu-FB (Fish Bone) 35 min, pH 10, 20 mgL− 1, 2 gL-1, 

50 ◦C 
98% Crystal violet [45] 

0.63Cu_HAp 180 min, 20 ppm, 0.1 g 99% Congo red [46] 
Fish scale chitin 60 min, 30 mgL− 1, 

2 gL-1, pH 7 
95% Methylene blue [47] 

TiO2/HA/RGO 120 min, xenon lamp irradiation 99.8% Methylene blue [48] 
HA-MnO2-Chitosan 90 min, UV light (365 nm) 93% Acid orange 7 (AO7) [49] 
FBBC-800 (fish bone biochar) as persulfate 

catalyst 
60 min, 0.1 gL-1, pH (3.0–9.0) 100% Phenol [50] 

FB-HAp 20 min, 50 mgL− 1, 1 gL-1, 49.1 mgg− 1 Brilliant green [51] 
Sr–Cu–MnO nanocomposite encapsulated 

with FB-HAp 
– – Malachite green and 

Aniline blue 
[52] 

CFB-500 (2) 10 min, 100 mgL− 1, 250 mg, 
30 ◦C, pH 6.9 

>90% Methylene blue [53] 

HAp-titania (prepared from Cod fish bone) 24 h, 2 ppm, 4 gL-1, UV light 100% (Fluoxetine), 92% 
(Diclofenac) 

Diclofenac, Fluoxetine [54]  

Md.Z.U. Al Mamun et al.                                                                                                                                                                                            



Heliyon 9 (2023) e18012

10

57]. 

∝hϑ=A
(
hϑ − Eg

)n (22)  

Where h is the Plank’s constant; ϑ is the photon frequency; ∝ is the absorption coefficient; constant value is presented by A; optical 
band gap energy is denoted by Eg; the value of n is 2 which is characteristic of the direct band gap. For the two types of fish bones, there 
was no significant change in the optical bandgap energy. 

As the optical bandgap of the two types of fish bone was very similar, the variation of the photocatalytic breakdown of Congo Red 
Dye was not influenced by the bandgap energy. The crystallite size of the Tilapia fish bone was lower than the Surma fish bone which 
may affect the degradation property of Congo red Dye. There is another important factor to be considered for analyzing more 
degradation efficacy in the case of Tilapia which is microstrain. The microstrain of the Tilapia is higher than the Surma fish bone. Thus 
it was assumed that the crystallographic parameters governed the enhance photocatalytic efficiency of Tilapia fish bone than the 
Surma. The Photocatalytic phenomenon can be explained as presented in equations (16)–(21), a similar type of photocatalytic reaction 
mechanism was described in the published document [14]. 

Fish bones
[
Ca10(PO4)6(OH)2

]
̅→

hϑ Ca10(PO4)6(OH)2 + h++e− (23)  

Ca10(PO4)6(OH)2 +h+ + e− → •OH.+ • OH− + •O2 (24)  

H2O + e− + h+ → •O2+OH− + •OH− +H+ + •O2
− (25)  

•OH. +•OH− →H2O2 (26)  

Fig. 6. Optimization of dye concentration for 120 min time, 40 mL dye solution 0.1 g catalyst.  

Fig. 7. Effects of pH on the degradation properties.  

Md.Z.U. Al Mamun et al.                                                                                                                                                                                            



Heliyon 9 (2023) e18012

11

e− + h++H2O2 → •OH− + •OH− (27)  

Free radicals and ions+Congo Red Dye → Intermediate → CO2 + H2O (28)  

4. Conclusion 

The waste fish bones were successfully utilized as photocatalysts with the aid of solar irradiation. There remained slight variations 
among the crystallographic parameters of river and sea fish bones. The river fish presented slightly higher photodegradation than the 
sea fish bone. Though the photocatalytic efficacy is greatly dependent on the optical bandgap, a very similar bandgap was observed for 
both types of fish bones. The crystallographic parameters were different and these parameters might influence the higher degradation 
rate in the case of river fish bones. Nearly, 65% of the Congo Red dye was degraded by the fish bones. Environmental pollution (due to 

Fig. 8. FTIR of dye and catalyst after dye treatment at various time intervals (A)Tilapia, (B) Surma, (C) pure dye, and (D) specific range of FTIR 
of Tilapia. 

Table 4 
Band position of the FTIR spectrum of the fish bones and dye.  

Band position, cm− 1 

Surma Tilapia Vibrating bands of fish bones Dye 
982 981 Symmetric stretching vibration (v1) 1638 
1027 1029 Stretching vibration (asymmetric) of PO3−

4 (v3) 2140 
1087 1089 Stretching vibration (asymmetric) of PO3−

4 (v3) 3340  
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organic dye) can be reduced by the fruitful utilization of waste fish bones. Further research can be performed to utilize fish bones to 
reduce emerging contaminants. It is suggested from this research work that the river fish bone (waste bone) can be utilized to degrade 
textile effluent in a sustainable way which will minimize the cost of expensive catalysts as well as a source of photons. 
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