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Abstract

Functional material of iron oxide (Fe203) nanoparticles-functionalized Hydroxyapatite (HA) was synthesized from
chicken bone waste. The preparation of material involved the calcination of chicken bone waste followed by the
dispersion of iron oxide precursors and hydrothermal treatment to get coprecipitated HA. Systematic physicochemical
characterization was performed by various analytical techniques, including scanning electron microscopy, transmission
electron microscopy, X-ray diffraction, Raman spectroscopy, and diffuse reflectance UV-Visible spectroscopy. The
photocatalytic activity of the composite was examined to degrade methylene blue under various photon sources and pH
condition. The results demonstrated that a high crystalline Fe203/HA was derived, and detail of the analysis confirm
the functionality of iron as dopant in the crystalline structure of HA and the dispersed photoactive nanoparticles.
Photocatalytic degradation experiments resumed that the high degradation efficiency could be achievable at alkaline
condition and under visible light illumination, as the efficiency of 78.88% was the optimum value.
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printing, pigment and paint manufactures. Dyes
are characterized by their persistent properties
imposing significant adverse impacts on aquatic

1. Introduction

The progression of industrialization and

technology has made human life easier. However,
the use of various chemicals in industry also
results in the release of chemical substances as
toxic waste that has the potential to harm the
natural ecosystems environment. Among some
chemicals used in industries, dyes are applied in
various industrial processes, including the textile,
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systems [1]. Advanced oxidation process (AOPs) is
a well-known method to treat dye-contaminated
water, as it has advantageous compared to
adsorption such as fast, complete, and no further
treatments required. Within the method,
photocatalytic oxidation is a promising technique
with due to its ability to completely degrade a
wide range of organic pollutants into harmless
end products such as CO, and H,O [2]. The
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technique involves the use of semiconductor
photocatalysts that capable to catch photon and
generate electron-hole pairs for furthermore
creating reactive oxidative species (ROS). The
ROS species can break down complex and
persistent  contaminants, including dyes.
Advances in development of photocatalyst is to
improve photocatalytic efficiency and support the
photocatalytic mechanism by adsorption. The
combination of semiconductor photocatalyst with
porous materials as photoactive support is one of
the strategies to this scheme [3,4].

Hydroxyapatite (HA) has emerged as an
effective support material for photocatalysts due
to its high surface area, biocompatibility, chemical
stability, and tuneable surface properties. As a
calcium phosphate-based material, HA provides
abundant active sites for anchoring
semiconductor photocatalysts such as TiO,, ZrOs2,
NiO, ZnO. Previous works reported that the
combination of metal oxide facilitating improved
dispersion and preventing particle agglomeration.
This enhanced distribution increases the
availability of reactive sites and promotes more
efficient light absorption and charge separation.
Additionally, the  porous  structure  of
hydroxyapatite enables better adsorption of
pollutants, bringing them into proximity with the
photo catalytically active species [5].

From the sustainability perspective, HA could
be derived by extracting from biowaste. HA was
successfully prepared from fish bone, cow bone,
and chicken bone, and the functionalization with
metal oxide demonstrated absorptivity and
catalytic activity [6-9]. Considering that chicken
bone is an abundant food waste in many countries,
utilization of chicken bone as raw material for HA
to be support for photocatalysis applications is
potentially developed. In advance, selection of
low-cost metal oxide such as iron oxide
photocatalyst as functionalization agent is an
economically beneficial and could be a sustainable
material with a concept of waste to functional
resource. Based on these backgrounds, in this
study, the composite of Fe,Os-supported
hydroxyapatite composites (Fe,Oz/HA) were
synthesized using chicken bones as a source of
natural hydroxyapatite. Photocatalytic activity of
the composite was examined to methylene blue
(MB) dye, referring to its vast utilization in
industries.

2. Materials and Method
2.1 Materials

The chicken bone waste used in this study
was collected from nearby restaurants and food
stalls in Sleman District, Yogyakarta Province,
Indonesia. A total of 500 grams of chicken bones
were first cleaned of meat and soft tissue residues

to remove organic contaminants that could
interfere with the calcination process and reduce
the purity of the final product. Cleaning was
performed under running water to remove fat,
blood, and water-soluble impurities. After
washing, the bones were dried in an oven at 100
°C for 3 days until their moisture content was
reduced. The dried bone was then calcined in a
furnace at a temperature of 1000 °C for 2 hours to
get CaO. The solid obtained from these steps was
then mechanically ground using a mortar and
pestle. Some chemicals consisted of FeCls.6H20,
MB, (NH,),HPO,, isopropanol (IPR), ethylene
diamine tetra acetate (EDTA), and benzoquinone
(BQ), and AgCl were purchased from Merck
(Darmstadt, Germany) and wused without
purification.

2.2. Preparation of Fe,O3z/HA

The Fe,O3/HA nanocomposite was prepared
by dissolving 3.65 grams of FeCl; 6H,O in
deinozed water. Furthermore, into the mixture,
about 1 wt.% of surfactant
cetyltrimethylammonium bromide (CTAB) was
added, followed by stirring for 3 hours at 45 °C to
achieve homogenization. Into the mixture, 7.4 g of
derived CaO was added to 100 mL of deinozed
water. Furthermore, the (NH,),HPO, solution
was slowly added into the mixture with set up
Ca/P of 1.67 under stirring and nitrogen gas (N,)
was bubbled through it. Subsequently, the NaOH
solution was added to adjust the pH of solution
=11. The resulting precursor precipitate was then
transferred into a Teflon-lined autoclave and
heated at 150 °C for 24 h. The result from these
steps was a slurry which furthermore dried and
calcined at 500 °C for 2 h. For comparison purpose,
the HA synthesis without the addition of iron
precursors was performed.

2.3. Physicochemical Characterization

Scanning electron microscopy (SEM Hitachi
SU 8020 UHR FESEM) was employed to analyze
the morphology of material coupled with and
Horiba EDX Spectrometer for elemental
composition. The spectra of XRD were recorded on
Rigaku (Ni-filtered Cu-Ka, A = 1.5406A, 30 kV and
25 mA) scanned the 20 between 20° and 70° and
the step size of 0.02° 20 per second. High—
resolution transmission electron microscopy (HR—
TEM) (JEM-2100, JEOL, Tokyo, Japan). Raman
spectrum was recorded on Renishaw Via Raman
Microscope Laser Wavelength: 514 nm. Optical
property of magnetic biochar was determined on
Diffuse reflectance UV-Visible JASCO VSM 760,
while photoluminescence spectroscopic analysis
was  performed wusing Horiba 1HR320.
Electrochemical impedance spectroscopy (EIS)
analysis were recorded by employing an AC
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voltage of 5 mV amplitude with the initial
potencial at 0.4 v (vs. Ag/AgCl) over the frequency
range from 100 kHz to 100 mHz without light
illumination.

2.4. Photocatalytic Activity Examination

The synthesized Fe:03/HA was examined as
photocatalyst for MB degradation. Particularly,
Fe2O3/HA powder was dispersed in an aqueous
solution of MB (56 mg L-1) with catalyst dosage of
0.8 g/L. Prior the photon illumination, stirring of
the mixture in the dark for 15 min was proceeded
to achieve adsorption—desorption equilibrium.
Furthermore, the photon was exposed into the
suspension, and the sampling was collected every
15 min subsequently. Micro filtration was
performed before the samples were analysed
using a UV-VIS spectrophotometer (UV-2080,
Shimazu, Kyoto, Japan). Effect of photon source

Calcination,
500°C-2h

HA powder
Washing

Calcination, 1000°C

Figure 1. Scheme of Fe20O3s/HA preparation.

(UV and visible light) and pH of solution were
explored as factors affecting degradation. The
degradation efficiency (%) in photocatalytic
activity test was calculated using the following

Eq. (1):

Co—Ct
Co

Degradation ef ficiency (DE,%) = x100 (1)

with C;, and C: are the initial concentration of MB
and concentration at sampling time ¢. Figure 1
represents the scheme of material’s preparation,
characterization and photocatalytic activity
examination.

3. Results and Discussion

Figure 2 shows the SEM images of HA and
FesO3/HA, and also the EDX spectrum of
Fe2sOs/HA. HA demonstrates the spherical in
mixture with heterogenous forms and size of the
particles, meanwhile the Fe:Os/HA exhibits a
rougher surface with the dispersed tiny particles.
EDX analysis result confirms the Fe content of
5.45 % in the Fe203/HA as additional component
of HA which dominantly consist of calcium and
phosphor elements (Table 1).

The elemental mapping represents an
evolution of the atomic dispersion which iron is
identified. Further investigation using HRTEM
shows the multiple crystallographic orientations
of the particles. The particles size is distributed
with the size ranging at 5-100 nm and the mean
of 38 nm (Figure 3b). By using more intensive

Figure 2. SEM image, elemental mapping, and EDX spectrum of (a-c) HA, (d-f) Fe2Os/HA.
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analysis, the image shows the lattice fringes with
measured interplanar spacings of 0.281 nm
associated to the peak indexed to (211) peak of HA
(Figure 3e) [10,11], and the darker spots includes
the particles showing the measured interplanar
spacings of 0.25 nm which is associated to the
peak indexed to (110) reflection of a-Fe203 (Figure
3f) [12,13]. These data confirm the presence of
Fe203 as photoactive site in the nanocomposite
which plays role in photocatalysis mechanism.
X-ray diffraction (XRD) characterisation was
performed to determine the crystal structure and
phases formed in the synthesised material. The
hydroxyapatite (HA) sample exhibits sharp
diffraction peaks at 20 angles of 25.89°, 31.63°,
32.31°, 32.67°, 39.48°, 46.71°, 49.47° and 53.23° in
the XRD pattern shown in Figure 4. These
correspond to the crystal planes (002), (211), (112),
(300), (310), (222), (213) and (004) of
hydroxyapatite. According to JCPDS File No. 09-
0432 [14], these peaks are characteristic of the
hexagonal crystal structure of hydroxyapatite.

Table 1. Elemental analysis of Fe2Os/HA.

Content (wt.%)

Element
HA Fe203/HA
OK 46.02 53.01
PK 17.05 17.67
CaK 36.9 22.37
Fe K n.d 6.95

This indicates that the main phase formed in the
sample 1is highly crystalline hydroxyapatite,
characterised by strong intensity on the (211)
plane at around 31.63°. Additional peaks are
observed at 33.12°, 35.61°, and 44.51° that are
associated to the presence of the hematite phase
(a-Fe,03) which is in consistence to 104), (110),
and (116) reflections referred to JCPDS File No.
33-0664. The HA peaks in Fe,Os/HA exhibit a
slight decrease in FWHM or broader compared to
HA, indicating an increase in lattice strain due to
the substitution of the smaller Fe®* ion (0.64 A)
for Ca* (0.99 A). This effect indicates that Fe has

Intensity (a.u)

JCPDS No. 33-0664

— ——

20 25 30 35 40 45 50 55 60
2-theta (degree)

Figure 4. XRD pattern of Fe,O3/HA in comparison
to HA and JCPDS File No. 33-0664

Mean = 38 nm

60 60-80 =100

Figure 3. (a-b) TEM images in different magnification, c. Particle’s size distribution, (d-f) HRTEM of

Fe203/HA.
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been partially doped into the HA matrix, while
simultaneously forming a hematite phase
dispersed on its surface [15].

In addition to phase identification, XRD
analysis can also be used to quantitatively
determine crystallinity parameters, including the
lattice parameter (a), average crystallite size (L),
X-ray density (pXRD), and stretching absorption
bonds (vl and v2) of HA, and the data are
presented in Table 1. The crystallite size (L)) was
based on the Scherrer equation (Eq. 2.):

KA
“ Bcoso

()

where D is the average crystallite size (nm), A is
the X-ray wavelength (1.5406 A), p is the full
width at half maximum (FWHM), and 6 is the
diffraction angle.

Based on the data in Table 2, the average
crystal size of hydroxyapatite (HA) was 54.19 nm,
whereas in the Fe,O3z/HA composite it increased
to 77.00 nm. Both values remain within the
nanomaterial size range (1-100 nm). This is
associated to the lattice parameters (a and c)
which in Fe,Os/HA these are larger, implying the
less compressive strength in the crystal. This is
also reflected by lower density of the increase in
crystal size in Fe,Os/HA compared to pure HA
indicates that the presence of Fe,O3;/HA compared
to HA. However, the stretching absorption bands
(v; and vg) of both samples are in same position,
suggests that the bonding among atoms in the
composite 1s in same stability. Due to
inappreciable peak of Fe20s, it is concluded that
Fe,0; particles are available on the HA surface,
and from the crystallographic data, the Fe
precursor was influenced the HA structure
through crystal growth.

The Raman technique was employed to
identify the structural analysis of HA and
Fe203/HA. As shown in Figure 5, HA shows the
intensive peak positioned at ~960 cm!
representing P-O stretching vibration (v;), which
is the primary fingerprint band for crystalline
hydroxyapatite, supported by lower intense peak

Table 2. Lattice parameter (a), average crystallite
size (L), X-ray density (pXRD), oxygen positional
parameter (1), and stretching absorption bonds
(v1 and v2) of HA.

Parameter HA Fe2Os/HA
a (A) 4.79 4.87

¢ (A) 5.54 5.62

L (nm) 54.19 77.00
pXRD (g/cm3) 15.12 14.46
v (cm-1) 490 490

vz (cm-1) 470 470

around 1400-1800 cm! associated to the triply
degenerate asymmetric P-O stretching mode (v3),
and the bending vibration positioned at ~400-450
cm-! corresponding to P-O-P linkage [16]. The P-O
stretching vibration remained in Fe2Os/HA,
suggesting the maintained HA structure, with
additional peaks around 222-596 cm-!. In details,
the band positioned at 222 cm! represents Aig
mode from the symmetric stretching of iron, which
is associated with the band of E; mode at 286
cm!l  from the Fe-O Dbending vibration.
Additionally, E; and A1z modes are expressed by
the bands at 400 cm-! and 506 cm-!, while the band
at 596 cml is associated with asymmetric
stretching of lattice oxygen network. The results
are pointing that the dispersed Fe2sOs onto HA
exhibits electrochemically active to the exposed
energy which supports its applications in surface
active interactions and photocatalysis [17].

Optical characterization was performed using
UV-DRS to determine the band gap energy (¥) of
the synthesized material. The diffuse reflectance
data obtained from the spectrophotometer was
converted into the Kubelka—Munk function,
defined as (Eq. 3):

_ (1-R)?
T 2R

F(R) (3)
Where R is the reflectances value. This Kubelka—
Munk function (F (R)) is considered proportional
to the optical absorption coefficient (a), so it can
be applied to the following Tauc’s equation (Eq. 4):

(ahv)™ = A(hv — Ej) (eq.4)

With, hv = photon energy (eV), A = proportionality
constant, n = index depending on the type of

=<

g

N

3

Intensity (a.u)

200 400 600 800 1000
Raman shift (cm™)

Figure 5. Raman spectra of Fe,Os;/HA in
comparison with HA.
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electronic transition, n = 1/2 for direct allowed
transitions, and n = 2 for indirect allowed
transitions.

Diffuse-reflectance UV-Visible spectroscopy
analysis was performed to investigate the optical
properties of the Fe,O3;/HA sample. From the
spectrum (Figure 6a), it could be resumed that
Fe,03/HA has capability to absorb light within the
visible and UV range with higher absorbance at
UV range. The Tauc’s plot calculated from the by
plotting of (F(R)hv)? with respect to hv presented
in Figure 6b demonstrate the edge wavelength
positioned at 495 nm, which is associated to a
bandgap energy of 2.5 eV. The photoluminescence
(PL) spectrum presented in Figure 6¢ gives the
indication of emission bands centered at
approximately 340 nm and 445 nm. The emission
at around 340 nm could be related to the surface
defect-related radiative recombination, while the
emission positioned at 445 nm which associated to
the energy of around 2.79 eV is the representation
of electronic transition of Fe?t with oxygen
vacancy in Fe203 structure. The peaks imply that
Fe,O;/HA  could facilitate charge-carrier
separation and prolong the lifetime of
photogenerated electrons and holes, which is a
crucial process in the for photocatalytic
mechanism. This indicates the success of the
dispersion of Fe,O; as the charge transfer
representing formation of intermediate energy
levels resulting from the interaction of Fe 3d
orbitals with O 2p orbitals in the phosphate group

(a)

Absorbance

200 300 400 500 600 700 800

Wavelenght (nm)

[ ¥]
(5,
o

(c)

Intensity
[ N
o (%, ] o
(=] (=] o

(3]
o

o

300 350 400 450 500

Wavelength (nm)

3 4 5
Energy (eV)

30000 (d)

25000
‘E 20000
= @ Fe,0, !
O 15000 @
- Fe,0,/HA °
= 10000 '0
N )

QMW

550

(PO,*") within the HA lattice. The capability of
Fe,O3/HA to transfer electron is reflected by by
EIS analysis (Figure 6d). Compared to Fe20s,
Fe,O3;/HA demonstrates the smaller Nyquist
semicircle diameter corresponds to a narrower
band gap energy, expressed by the progressive
electron-hole  transport and a  reduced
recombination rate [18,19]. These results are in
consistence with the study on Fe,O;/HA
composite having the band gap energy of 2.20—
2.50 eV [20]. In addition, HA has the band gap
energy ranging at 4-5.0 which behaves as an
insulator, so it performs no photocatalytic
activity [21].

Photocatalytic Activity Examination: The
photocatalytic (PC) activity of Fe,Oz/HA was
examined for MB degradation at two varied pH of
6 and 10, and at varied photon source of visible
and UV light. The plots presented in Figure 7a
and 7b show the decreased concentration
represented by [C/Cy] along the time of reaction
in comparison with the adsorption (Ads) and
photolytic treatments. In this case, the photolytic
treatments are the light (UV and visible)
exposure to MB solution without the presence of
photocatalyst. The resumed degradation
efficiency (DE) depicted in Figure 7c implies the
significant increase of MB removal over PC
system respect to adsorption process. In detail
the highest removal is achievable by PC under
UV at pH of 10 system (78.88%), followed by the
PC process using visible light at pH of 10 (57%).

D

0 1000 2000 3000 4000 5000 6000 TO00
Z' (ohm)

Figure 6. a. UV-DRS spectrum, b. Tauc’s plot of Fe,O3/HA, c. PL spectrum of Fe,Os/HA, and d. EIS

spectra of Fe,Oz/HA in comparison to Fe,O;
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Compared to PC procedure at pH of 6, the basic
condition leads to faster reaction which the PC
procedure under UV and visible light exposure
give the DE of 37.44% and 44.42%, respectively.
Even though the photolytic procedures at both
varied pH show insignificant concentration
change with the DE less than 2%, these
phenomena are possibly related to that the basic
condition provided "OH in producing more ¢OH.
The light exposure initiates the electron excitation
to leave hole (h*) which produces ¢OH by its
interaction with ~“OH. From compared light
source, the more h*created by UV light exposure
rather than visible light, corresponding to the
higher energy provided by UV for sufficiently
create the excitation. Even though there are
insignificant values of DE achievable by photolytic
procedures, this assumption is also proven by the
higher removal obtained by photolytic treatment
at pH of 10 rather than at pH of 6. Furthermore,
from the kinetics plot at pH of 6, the visible light
exposure gives higher DE rather than UV light. It
means that even though the UV support the
photon energy, but the less amount of “OH could
not significantly contribute to produce comparable
amount of eOH as the basic condition. The
mechanism is fit to was investigated on
Fes04/HA/Ag nanocomposites for various dyes. It
was concluded that degradation process involved
several key steps, including absorption of light,
generation and separation of electron—hole pairs,
and generation of reactive oxygen species
(ROS)[20].

Based on the plots, pseudo-first order and
pseudo-second-order kinetics were applied to

assess the decreased reactant concentration
referred to the following equations (Eq. 4 and Eq.
5):

In< =kt
Co

(4)
(®)

==kt +—
Ct Co

With Co and C; are initial concentration and the
MB concentration at time of ¢, respectively, k; and
ke are apparent kinetics constant of pseudo-first
order and pseudo-second order, respectively. The
kinetics equations and the parameters are listed
in Table 3. Based on RSQ, all of the reaction
demonstrated the fitness to both the pseudo-first
order and the pseudo-second-order kinetics.
However, except for the photocatalytic process
under UV light at pH of 10 (PC/UV-pH10), the
RSQ of the pseudo-first-order kinetics (0.948) is
higher than that of the pseudo-second-order
kinetics (0.928). The appropriateness of pseudo-
second-order kinetics to the MB adsorption is
similar to was reported from the adsorption of
MB using hydroxyapatite derived from camel
bone [22]. Meanwhile, the photocatalytic
degradation of MB wusing hydroxyapatite-
supported WOs represented the fitness to the
pseudo-second-order kinetics with the equivalent
DE value for the same MB concentration of 20
mg/Li [23], similar was reported using Ag-doped
hydroxyapatite[24]. The Kkinetics plots are
provided in Figure 7d, and the resumed apparent
kinetics constant (kz) based on the plots are
depicted in Figure 7e. The ke values are in line

®

ol (p)| 80
. ;‘é“(ﬁ\ 60
-,_é x
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Figure 7. a. Kinetics plots of the process at pH of 10, b. Kinetics plots of the process at pH of 6, c.
Recapitulated DE, d. Pseudo-second order of PC process using Fe,O3/HA, e. Recapitulated % of the PC

using Fe,O3/HA.
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with the resumed DE values demonstrating the
PC/UV-pH 10 as the superior process with highest
k of 1.39%10-3 min-l.ppm-L. It is observed that the
kinetics constant of the MB adsorption at pH of 10
1s also higher than the process at pH of 6. Previous

studies of photocatalytic degradation over
modified hydroxyapatite highlighted the
contributed  adsorption to the  overall

photocatalytic mechanism [25-27].

Considering the involvement of adsorption to
PC process, synergistic index based on the ratio of
the kinetic constant of PC to the individual
apparent kinetic constants of adsorption (kads )
and photolytic process (k+vv) is calculated using
the following formula (Eq. 6):

kpc
kadastk+uv

Synergistic index (Spc)= (6)

The k values are obtained from the pseudo-second-
order equations. The calculations give the Spc of
2.79 and 6.18 for PC process at pH of 10 using
visible light and UV light, respectively. Parallelly,
the values are 1.75 and 1.30 for the process at pH
of 6. The higher Spcobtained at pH 10 exhibits the
synergistic combination of the role of
photocatalyst surface to adsorb the MB as
reactant and the involvement of photolytic
mechanism. It could be concluded that the
photocatalytic mechanism composed by the
combination surface interaction among
photocatalyst, the presence of photocatalyst, light
energy, and capability of photocatalyst to absorb
light.

Referred to previous references and the
accelerated reaction at high amount of “OH, the
mechanism of photocatalytic reaction process can
be described by the following reactions:

Fe,O; + hv — Fe, 05 (bt +e0)

e+ Oz — ¢O2

h*+ OH- — «OH

H20— H*+-OH

*OH+ 02 —» «OOH

¢OH + MB — degradation products (CO, + H,0)
¢OOH+ MB — degradation products (CO, + H,0)
The photocatalytic mechanism could be described
as in Figure 8a.

To investigate the occurrence of oxidant
species in the mechanism, the effect of scavengers
was studied. For radical hydroxyl (¢OH), hole
(h*), and superoxide (¢OOH) scavengers, IPR,
EDTA and BQ were isopropanol (IPR), were
utilized, respectively. The kinetics plots and
resumed k are demonstrated in chart at Figure
8b. The presence of IPR and BQ supress the
reaction rate represented by the reduced DE and
k, but EDTA enhanced the reaction. Moreover,
the reduction caused by BQ is more significant
compared to that of IPR. The IPR and BQ imply
the role of ¢OH and ¢OOH in the mechanism,
which, in detail the trapped eOOH more
significantly reduces the whole mechanism. In
opposite way, EDTA enhances the reaction rate
with the most significant difference towards the
reaction without scavengers. As EDTA function
is to block the A*, the highest role of A* in

Table 3. Kinetic parameters of methylene blue photodegradation using Fe,Os/HA catalyst under variations

of light source and pH.

Process/Photon Kinetic Equation R2 Kinetic Equation (Second k R2
source-pH (First Order) Order) (minl.ppm-)

Ads-pH 10 lnCC—O — 1.98x107% — 3.44x1073¢ 0972 % = 2.11x10~% + 3.04x10-2 > 11x107 0.977
+Vis-pH 10 lnCC—O = 333x107% + 2.60x10~4¢ 0940 % — 2.74x10-5¢ + 4.98x10-2  1-36x107 0.945
+UV-pH 10 anC—O = 332x107% + 2.70x107%  094P % — 1.39x10-5¢ + 420x10-2  139%107 0.947
PC/Vis-pH 10 lnCC—O = 2.22x107% + 7.74x1073¢ 091 % — 627x10~%¢ + 3.44x10-2  O-27X107 0.924
PC/UV-pH 10 lnCC—O =0.37 — 1.06x10~2t 0.882 % = 2.39x1073 4+ 3.20x10-2  2-39x107 0.947
Ads-pH 6 lnCC—O — 1.33x107% + 3.01x1073¢ 0963 % = 1.79x10 % + 495x10-2 1 19x10" 0.971
+Vis-pH 6 lnCC—O = 333x107% + 2.60x10~4¢ 0940 % — 138x10~%t + 3.04x10-2 2 11X107 0.977
+UV-pH 6 anC—O = 332x107% + 2.70x107%  094P % — 136x10-5¢ + 4.98x10-2  1:36%107 0.945
PC/Vis-pH 6 In CC—O = 1.76x1072 — 5.24x1073¢ 0956 % — 351x10-4¢ + 4.65x10-2  O01X107 0.972
PC/UV-pH 6 In CC— = _393x107% —3.93x1073¢ 0843 % = 2.51x10~% + 495x10-2  2-21x10" 0.883

0
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determining the reaction mechanism is pointed
out. This reflects that as the A* blocked, the
production of ¢O2 from the interaction between
excited electron and Oz could be more efficient due
to the inhibited electron-hole (e~ A%
recombination. In this case, a difference
phenomenon is observed as from some studies on
photocatalysis, usually EDTA scavenger tends to
the decreased reaction rate and less influential to
the mechanism [28,29]. The condition may be
influenced by stabilized electron-hole (e A*) by
the stabilization of the solid support [30].

The activity is approaching to green
synthesized Fe20s nanoparticles with the DE of
79% which gained by UV light illumination for
120 min [31], but much lower compared to Fe2Os3
nanoparticles prepared by thermal decomposition
of Fe(NO3)3:3H20 at the presence of malic acid

with the DE of 98% [32]. The advantage using
Fe203/HA in this work was less energy required
as xenon lamp utilized and less amount of
photoactive site of Fe203. The photocatalytic
activity of prepared Fe2Os/HA in comparison to
other Fe20s-based materials for MB degradation
is listed in Table 4. Furthermore, the stability of
FesO4/HA was evaluated by measuring the DE
and % of recycling experiments. The recapitulated
DE and k presented in Figure 8d reduces along
the recycling as for 3t cycle, the percentage of
reduced DE is about 12.5% from the first usage,
while k reduction is about 25%. The reduction is
probably caused by the blockage surface with
MB.

In general, the conclusive aspect that gained
by this is that the use of chicken bone as source
for HA synthesis shows potentiality as support
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Figure 8. a. Schematic representation of photocatalytic mechanism using Fe203/HA, b. Kinetics plot of MB
degradation at the presence of scavengers, c. Recapitulated DE and k of degradation with scavengers’
addition, d. recapitulated D and k at recycling..
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for Fe203 photoactive material. The photocatalytic
activity for MB degradation represents another
benefit as a solution for food waste problem
valorisation, and at the same time providing
functional material for wastewater treatment.

4. Conclusion

In the study, upscaling chicken bone waste
into  FezOs-supported hydroxyapatite was
successfully performed. The physicochemical
characterization was systematically conducted
and suggest the high crystallinity of the
composite. Identification using XRD, TEM and
Raman spectroscopy suggested that an insertion
of Fe in hydroxyapatite structure beside of the
dispersion of Fe20s particles on the
hydroxyapatite surface was observed. The particle
size of prepared nanocomposite is 38 nm with the
band gap energy of 2.5 eV. The photocatalytic
degradation experimental results showed that the
nanocomposite has photoactivity to degrade
methylene blue under visible and UV light source.
The study revealed the contributing adsorption
and surface condition of the photocatalyst
material to optimize the oxidation mechanism.
The photocatalytic mechanism is influenced by
the presence radicals, superoxide radicals and
hole, and the reusability test showed the
instability for 3 cycles of the process.
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Table 4. Compared photocatalytic activity of prepared Fe:Os/HA with Fe20s-based photocatalysts for MB

degradation.
Material Reaction condition DE (%) Reference
Green synthesized Fe203 Photocatalyst dosage of 0.01g/L for MB 78.68 [33]
nanoparticles concentration of 10 mg/L, under UV light for

180 min
Fe203 Photocatalyst dosage of 7 mg/100L for MB 95 [19]

concentration of 10 mg/L, under UV light for

180 min. Photocatalyst showed stability until

5th use

Photocatalytic degradation of 10 mg/LL MB 78 [34]
under UV light for 6 h.

Photocatalyst dosage of 0.2 g/100 mL for MB 75.1 [34]
25 mg/L under visible light

Photocatalyst dosage of 0.2 g/200 mL for MB 97.1 [34]
25 mg/L for 60 min. Reaction obeys pseudo-

first order kinetics with £=3.25x10-2/min

Photocatalyst dosage of 0.5 g/L for MB 25 81.5
mg/L for 60 min. Reaction obeys pseudo-first

order kinetics. The photocatalyst stable until

5th cycle

Photocatalyst dosage of 0.2 g/250 mL for MB 78.8
20 mg/L for 120 min. Reaction obeys pseudo-

second order kinetics.

a-Fe203 Nanospindles
AlO3/Fe20s3

Ag@Fez03

Fe203/graphene/CuO

Fe20s/HA Present work
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