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Hydroxyapatite (HAp) was synthesized using low-cost eggshell waste and 
employed as a composite support material for a TiO2 photocatalyst. The TiO2/HAp 
composite was characterized using X-ray diffraction (XRD), Fourier-transform 
infrared (FTIR) spectroscopy, and a surface area analyzer (SAA). XRD analysis 
confirmed the presence of TiO2/HAp, revealing a crystallite size of 9.42 nm. The 
FTIR spectra further verified the characteristic peaks of TiO2/HAp, corresponding 
to those of TiO2 and HAp. BET-BJH analysis indicated that the surface area 
followed the trend TiO2 > TiO2/HAp > HAp trend, while the pore volume and 
diameter followed the HAp > TiO2 > TiO2/HAp. The photocatalytic activity of 
TiO2/HAp in methylene blue degradation was evaluated using a UV-Vis 
spectrophotometer, demonstrating excellent performance. The TiO2/HAp 
composite achieved a 99.10% photodegradation of 20 ppm methylene blue within 
120 minutes, with an adsorption capacity of 8.3078 mg/g. The photodegradation 
efficiency for 40 ppm methylene blue was 86.47%, with an adsorption capacity of 
13.6335 mg/g. These results confirm that HAp effectively inhibits the electron 
recombination process in TiO2, thereby enhancing its photocatalytic 
performance. This study highlights the potential of HAp for developing cost-
effective and high-efficiency TiO2-based photocatalysts, offering a sustainable 
and environmentally friendly approach to water purification. 

 

1. Introduction 

One of the most significant environmental issues is 
pollution caused by dye contaminants in wastewater. The 
textile industry is the primary contributor to this 
pollution, accounting for 54% of the total [1] It is 
estimated that over 100,000 dyes are available on the 
market, with annual production volumes ranging from 7 
× 105 to 1 × 106 tons [2]. Approximately 20% of these dyes 
dissolve in wastewater as a byproduct of textile 
manufacturing processes [3]. Methylene blue is one of the 
most widely used dyes, with applications across various 
industries [4]. However, exposure to methylene blue can 
cause permanent eye damage in both humans and 
animals. Due to its stability and non-degradable nature, 
methylene blue is considered a major pollutant in 
wastewater [5]. 

Various technological methods have been developed 
to address water pollution, including chlorination, 

biodegradation, and ozonation. However, these methods 
are often less effective in treating dye wastewater and 
may lead to secondary environmental issues [6]. In 
contrast, photocatalytic methods offer an efficient 
solution by degrading pollutants rapidly without 
generating secondary pollution. 

The photocatalytic process involves the excitation of 
semiconductor materials with an energy source greater 
than the band gap of the semiconductor photocatalyst. 
Once the electron-hole pairs are excited, they can either 
recombine or react with the target substance, resulting in 
the formation of electron acceptors (e.g., molecular 
oxygen) or electron donors (e.g., hydroxide ions) [7]. 
During photodegradation, highly reactive species such as 
superoxide and hydroxyl radicals are generated [8]. These 
free radicals then attack dye molecules in wastewater, 
breaking them down into smaller, environmentally 
harmless compounds such as CO2 and H2O [9]. 
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Among various semiconductor photocatalysts, TiO2 
has garnered significant attention due to its stability, 
non-toxicity, ease of synthesis, and cost-effectiveness 
[10, 11, 12]. When irradiated by a light source, electron-
hole pairs form on the surface of TiO2, which can either 
recombine—producing thermal energy—or generate 
hydroxyl radicals that facilitate the breakdown of dye 
pollutants into simpler compounds [7]. However, TiO2 
suffers from a high electron-hole recombination rate, 
which reduces its photocatalytic efficiency [9]. To 
overcome this limitation, supporting materials are 
required to enhance its photocatalytic performance. 

Hydroxyapatite (HAp, Ca10(PO4)6(OH)2) is a 
promising supporting material that can aid TiO2 in 
inhibiting electron-hole recombination [9]. Under UV 
irradiation, PO42- groups on the surface of HAp create 
oxygen vacancies, leading to the formation of superoxide 
radicals (O2-) [9]. Consequently, hydroxyapatite exhibits 
photoinductive activity and the ability to degrade 
persistent dyes. 

Compositing hydroxyapatite with TiO2 serves as an 
effective strategy to suppress electron-hole 
recombination in TiO2, thereby enhancing its 
photocatalytic performance in decomposing organic 
compounds under UV irradiation [9]. In this study, 
hydroxyapatite was derived from chicken eggshells, a 
widely available waste material. The primary components 
of hydroxyapatite are calcium and phosphate, and 
eggshells contain 94–97% calcium carbonate (CaCO3). 
Approximately 7.2 million tons of eggshell waste are 
generated annually [13, 14]. Utilizing eggshell waste as a 
raw material for hydroxyapatite production not only 
reduces environmental pollution but also lowers 
production costs. 

Singh et al. [15] synthesized TiO2/hydroxyapatite 
composites using goat bone as a precursor via the sol-gel 
method for methylene blue degradation. The 
photocatalytic degradation process was conducted under 
a 12 W UV light source with a methylene blue 
concentration of 20 M. The photodegradation test was 
repeated 10 times, yielding an efficiency of 92.9%. 

Similarly, Echabbi et al. [16] investigated 
TiO2/hydroxyapatite composites derived from oyster 
shells for methylene blue degradation. Photodegradation 
tests were performed using six 8 W UV lamps (three UV-A 
and three UV-B). The study varied the methylene blue 
concentration at 10, 20, and 30 mg/L, achieving 
degradation efficiencies of 97, 90, and 57%, respectively. 
Additionally, pH variations were tested at 3.2, 6.3, and 
10.6, with the highest degradation kinetics observed 
under alkaline conditions (pH 10.6). Notably, oyster shells 
contain approximately 96% CaCO3. 

El Abbadi et al. [5] synthesized TiO2/hydroxyapatite 
composites using bovine teeth, which contain 58.91% 
calcium as a precursor. Following a similar approach, 
photodegradation tests were conducted under six 8 W UV 
lamps (three UV-A and three UV-B). Methylene blue 
concentrations varied at 0.01, 0.02, and 0.03 g/L, 
resulting in 98, 87, and 82% degradation efficiencies, 
respectively. The study also examined pH variations at 

2.0, 6.2, and 8.0, with maximum degradation kinetics 
observed at pH 8.0 (alkaline conditions). 

This study aims to synthesize TiO2 modified with 
HAp derived from chicken eggshells. The incorporation of 
HAp is intended to inhibit electron recombination in TiO2 
and enhance its photocatalytic performance. 
Additionally, this research attempts to investigate the 
effects of varying concentrations and activity testing 
durations on the performance of TiO2/HAp composites. 

2. Experimental 

2.1. Materials and Instruments 

The materials used in this study included eggshells, 
nitric acid (HNO3) (Merck), potassium dihydrogen 
phosphate (KH2PO4) (Merck), ammonia (NH3) (Merck), 
titanium dioxide (TiO2) (Merck), methylene blue (Merck), 
and demineralized water (Water One). The instruments 
used for characterization and analysis included a UV-
Visible spectrophotometer (FLUOstar Omega), X-ray 
diffraction (XRD) (Rigaku MiniFlex 600), Fourier-
transform infrared (FTIR) spectrometer (Shimadzu 
8300), and surface area analyzer (SAA) (Nova version 
11.0). 

2.2. Preparation and Characterization of Chicken Egg 
Shells 

The chicken eggshell membrane was cleaned, boiled, 
and then dried in an oven at 105°C for 6 hours. The dried 
eggshells were ground using a blender and sieved through 
a 100-mesh sieve. Subsequently, they were calcined at 
900°C for 2 hours to convert CaCO3 in the eggshells into 
CaO [17]. The eggshells were characterized using XRD 
before and after calcination. 

2.3. Synthesis of HAp 

A total of 0.1 mol of CaO obtained from eggshell 
calcination was added to 100 mL of distilled water. Then, 
0.2 mol of HNO3 solution was added to dissolve CaO into 
Ca(NO3)2 under constant stirring at 60°C until the 
solution became clear. The resulting solution 
corresponded to 1 M Ca(NO3)2. A 0.6 M KH2PO4 solution 
was prepared using demineralized water, based on the 
stoichiometric ratio, ensuring that when reacted with 1 M 
Ca(NO3)2, a precipitate with a Ca/P molar ratio of 1.67 
would be obtained. Simultaneously, a dilute NH3 solution 
(3% v/v) was added slowly to maintain a pH of 10. The 
solution was stirred continuously for 1 hour and left at 
room temperature for 24 hours. The precipitate was 
washed until neutral pH was reached to remove K+, NH4+, 
and NO3- ions. The sediment was then filtered, dried in an 
oven at 105°C for 6 hours, and calcined at 700°C for 30 
minutes [17]. 

2.4. Synthesis of TiO2/HAp Composite 

Commercial TiO2 was calcined at 500°C for 2 hours to 
obtain the anatase phase. The TiO2/HAp composite was 
prepared by mixing calcined TiO2 with HAp derived from 
chicken eggshells at a 1:1 mass ratio. The mixture was 
dissolved in 100 mL of demineralized water and stirred for 
24 hours. It was then left undisturbed for 48 hours to 
allow precipitation. The precipitate was filtered using 
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Whatman No. 42 filter paper, dried in an oven at 105°C for 
6 hours, and subsequently calcined at 500°C for 3 hours 
[18, 19]. 

2.5. Photocatalytic Activity Test of Methylene Blue 
Degradation 

The photocatalytic activity of methylene blue 
degradation was evaluated using HAp, TiO2, and TiO2/HAp 
catalysts. The concentrations of methylene blue used 
were 20 ppm and 40 ppm, with 10 mL of each solution 
(0.25% catalyst per liter of solution). The photocatalytic 
activity test consisted of two stages: adsorption and 
photodegradation. In the first stage, the mixture was 
stirred in the dark for 30 minutes at 150 rpm to reach 
adsorption equilibrium on the catalyst surface. 
Subsequently, the photocatalytic test was conducted 
under UV irradiation for varying times: 30, 40, 60, 90, and 
120 minutes, with stirring at 150 rpm. Samples were then 
centrifuged for 15 minutes at 2500 rpm. The 
concentration of degraded methylene blue and 
degradation efficiency were analyzed using a UV-Vis 
Spectrophotometer and calculated using Equations 1 and 
2. 

Concentration of degraded methylene blue =  𝐶0 − 𝐶𝑡 (1) 

 Degradation efficiency (%) = (
𝐶0−𝐶𝑡

𝐶0
) × 100 (2) 

where C0 is the absorbance (t = 0), and Ct is the 
absorbance at time t. 

2.6. Photocatalyst Characterization 

The HAp, TiO2 catalyst materials, and TiO2/HAp 
composites were characterized using XRD to determine 
the structure and crystallinity of the materials. FTIR 
analysis was conducted to identify the functional groups 
present in the catalyst materials. The pore structure was 
analyzed using the Brunauer-Emmett-Teller (BET) and 
Barrett-Joyner-Halenda (BJH) methods. 

3. Results and Discussion 

3.1. Synthesis and Characterization of Eggshell HAp 

Eggshells contain CaCO3, as evidenced by the 
diffraction pattern analysis in Figure 1. CaCO3 is converted 
into CaO through a high-temperature calcination 
process, which induces a decomposition reaction. The 
heat energy breaks the chemical bonds in the sample, 
releasing CO2 and forming CaO. The reaction during 
calcination is shown in Equation 3 [17]. The peaks 
produced by CaCO3 derived from eggshells correspond to 
2θ values of 13.08° (102), 29.46° (104), 36.05° (110), 39.48° 
(114), 43.23° (202), 47.57° (018), 48.58° (116), 57.71° (214), 
and 64.70° (300), as reported in the literature [20, 21, 22]. 
This indicates that the peak produced is from the CaCO3 
calcite phase. After calcination at 900°C, CaO forms, as 
confirmed by the XRD data. The corresponding peaks are 
at 2θ values of 18.1° (001), 28.58° (111), 29.27° (104), 34.10° 
(200), 39.25° (113), 47.15° (018), 50.72° (110), and 54.04° 
(220), in line with the literature [20, 23]. 

 

Figure 1. XRD patterns of CaCO3 and CaO 

The decomposition of CaCO3 into calcium oxide (CaO) 
and CO2 during the calcination process is represented by 
Equation 3 [17]. 

 CaCO3(s) 
∆
→ CaO(s) + CO2(g) (3) 

To produce a calcium hydroxide solution, the CaO 
obtained from the calcined eggshells is reacted with 
water, as shown in Equation 4 [17]. 

 CaO(s) + H2O(l) → Ca(OH)2(l) (4) 

The addition of nitric acid (HNO3) serves to convert 
calcium hydroxide into the more soluble calcium nitrate 
(Ca(NO3)2), as described in Equation 5. 

 Ca(OH)2(l) + 2HNO3(l) → Ca(NO3)2(l) + 2H2O(l) (5) 

HAp is synthesized under alkaline conditions, with 
the solution pH adjusted to 10 using dilute ammonia 
(NH3). Maintaining a basic pH ensures a high 
concentration of hydroxide ions (OH-), which promotes 
the formation of HAp. The chemical formula of HAp, 
Ca10(PO4)6(OH)2, indicates that OH- ions play a crucial role 
in its synthesis. An acidic environment, on the other 
hand, favors the formation of alternative calcium 
phosphate phases such as monetite (CaHPO4) and 
brushite (CaHPO4·2H2O) [24]. The overall reaction for HAp 
synthesis is shown in Equation 6. 

10Ca(NO3)2(l) + 6KH2PO4(l) + 14NH4OH(l) → 
Ca10(PO4)6(OH)2(s) + 6K+ + 4NH4+ + 20NO3- + 12H2O(l) (6) 

3.2. Characterization of TiO2/HAp 

3.2.1. X-ray Diffraction (XRD) Analysis 

The diffraction patterns of HAp, TiO2, and TiO2/HAp 
were analyzed within a 2θ range of 5°–80°, as shown in 
Figure 2. The characteristic diffraction peaks of HAp were 
observed at 2θ values of 13.78° (100), 25.94° (002), 28.43° 
(102), and 30.78° (211), consistent with previous studies 
[14, 25]. For TiO2 in the anatase phase, the diffraction 
peaks were located at 2θ values of 24.68° (101), 37.10° 
(004), 37.92° (112), 47.57° (200), 53.39° (202), 54.51° 
(211), 62.26° (204), 68.18° (116), 69.70° (220), and 74.60° 
(215), in line with the literature [25, 26]. 
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Figure 2. XRD patterns of HAp, TiO2, and TiO2/HAp 

The crystallite size of a material can be calculated 
using the Debye-Scherrer equation (Equation 7). 

 𝐷 =
𝑘𝜆

𝛽𝑐𝑜𝑠𝜃
 (7) 

Where, D is the crystallite size, k = 0.9 is the Scherrer 
constant, λ = 0.154060 nm is the X-ray wavelength, β is 
the Full Width and Half Maximum (FWHM), and θ is the 
Bragg angle. 

The crystallinity (Xc) of the sample is determined 
using Equation 8. 

 𝑋𝑐 =
𝑉002

𝐼101
 (8) 

Where, V002 is the intensity of the (002) peak, and I101 is the 
highest intensity of the sample. 

The calculated crystallite sizes for HAp, TiO2, and 
TiO2/HAp are 1.33 nm, 18.13 nm, and 9.42 nm, 
respectively. The TiO2/HAp crystallite size is smaller than 
the 30 nm reported for TiO2/HAp synthesized via 
reprecipitation from pure phosphate [18]. Smaller 
crystallite sizes lead to larger surface areas, enhancing 
catalytic activity [27]. TiO2 has a crystallinity of 58%, 
while TiO2/HAp has 45%, reflecting the more amorphous 
nature of HAp. The diffraction pattern of TiO2/HAp shows 
a peak shift compared to TiO2 and HAp, suggesting 
structural interactions between the components. 

3.2.2. Fourier-Transform Infrared (FTIR) Analysis 

The FTIR spectra of HAp, TiO2, and TiO2/HAp 
photocatalysts (4000–400 cm-1) are shown in Figure 3. 
HAp exhibits characteristic absorption bands between 
559 and 1087 cm-1, confirming the apatite phase [14]. 
Specifically, the absorption bands associated with the 
PO43- group appear at 1023 cm-1 (asymmetric stretching) 
and 544, 719, 972, and 1129 cm-1 (bending modes) [28]. A 
small peak at 1511 cm-1 corresponds to the asymmetric 
vibration of CO32- [14, 17, 29]. The presence of CO32- in HAp 
results from the reaction of CaO molecules with 
atmospheric CO2, leading to the reformation of CaCO3 
during HAp synthesis. Additionally, small absorption 
peaks at 3617, 3739, and 3866 cm-1 indicate hydroxyl (–
OH) vibrations [30]. Both OH- and PO43- functional groups 
in the FTIR spectrum confirm the successful formation of 
HAp from calcium and phosphate precursors. 

 

Figure 3. FTIR spectra of HAp, TiO2, and TiO2/HAp 

The FTIR spectrum of TiO2 displays an absorption 
band in the 500-600 cm-1 range, attributed to the 
stretching vibrations of the Ti–O bond. Furthermore, an 
absorption peak at 3570 cm-1 corresponds to –OH 
vibrations, which may arise from physically adsorbed 
water or Ti–O vibrations [31]. In the TiO2/HAp composite 
spectrum, shifts in wave numbers indicate interactions 
between the composite components, such as hydrogen 
bonding between HAp and TiO2. Additionally, an 
absorption peak at 2361 cm-1 suggests the presence of CO2 
clusters, likely originating from air contamination. 

3.2.3. Surface Area Analyzer (SAA) Analysis 

The BET method was used to determine the specific 
surface area and isotherm type of the materials, while the 
BJH method was employed to analyze the pore volume 
and pore diameter. Table 1 presents the pore distribution 
data for HAp, TiO2, and TiO2/HAp, while Figure 4 displays 
the N2 adsorption-desorption isotherm curves. 

Figure 4(a) shows the adsorption-desorption 
isotherm curve, which resembles a type IV isotherm 
according to IUPAC classification, indicating the presence 
of mesoporosity [15]. The BET surface area and pore 
volume of TiO2 are 74.396 m2/g and 0.1258 cm3/g, 
respectively, while those of TiO2/HAp are 52.489 m2/g and 
0.07862 cm3/g, respectively. The decrease in surface area 
and pore volume of TiO2/HAp compared to TiO2 is 
attributed to pore blockage, a common phenomenon in 
supported catalysts [32]. Figure 4(b) presents the pore 
size distribution, showing 2–5 nm diameters. 

Table 1. BET and BJH Pore Distribution for HAp, TiO2, 
and TiO2/HAp 

Sample 
code 

Surface area 
(m2/g) 

Pore 
volume 
(cc/g) 

Pore diameter 

(Å) (nm) 

HAp 33.14 0.09103 54.94 5.494 

TiO2 74.396 0.1258 33.81 3.381 

TiO2/HAp 52.489 0.07862 29.96 2.996 
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Figure 4. BET–BJH analysis curves for HAp, TiO2, and TiO2/HAp: (a) N2 adsorption-desorption isotherm and (b) BJH 
adsorption pore size distribution curve 

Table 2. Absorption capacity in the methylene blue 
adsorption process 

Sample code 
Q (mg/g) 

20 ppm 
methylene blue 

40 ppm 
methylene blue 

HAp 4.5687 4.9921 

TiO2 0.5545 2.1485 

TiO2/HAp 0.5814 3.7915 

3.3. Photocatalytic Studies 

3.3.1. Adsorption and Photodegradation of Methylene 
Blue 

The adsorption efficiency of methylene blue was 
evaluated under dark conditions for 30 minutes to ensure 
adsorption-desorption equilibrium on each 
photocatalyst. The adsorption and photodegradation 
efficiencies were calculated using Equation 9, where C0 
and Ct represent the initial concentration (ppm) of 
methylene blue and the concentration at time t, 
respectively. 

 𝐷(%) =
(𝐶0−𝐶𝑡)

𝐶0
× 100 (9) 

The adsorption efficiencies of methylene blue on 
HAp, TiO2, and TiO2/HAp are presented in Figure 5. At an 
initial concentration of 20 ppm, the adsorption 
efficiencies were 58.47% (HAp), 7.13% (TiO2), and 7.48% 
(TiO2/HAp). At 40 ppm, the values were 31.66% (HAp), 
13.62% (TiO2), and 24.04% (TiO2/HAp), respectively. 

Figure 5 also illustrates the photodegradation 
efficiency of methylene blue under various stirring times 
(30, 40, 60, 90, and 120 minutes). The results show that 
UV irradiation time significantly affects the 
photodegradation process. Longer UV exposure increases 

the formation of hydroxyl radicals (-OH), thereby 
enhancing the degradation of methylene blue [6]. For 
instance, the photodegradation efficiency of TiO2/HAp 
reached 99.10% at a methylene blue concentration of 20 
ppm, but it decreased to 86.47% when the concentration 
was increased to 40 ppm. 

Similar findings were observed by Safitri et al. [27]; 
they used NiFe2O4 to degrade methylene blue dye. At 
higher concentrations of methylene blue, more dye 
molecules adsorb onto the surface of the photocatalyst, 
which leads to the occupation of the active sites. As the 
irradiation time increases, the active sites become 
saturated with dye molecules, reaching an equilibrium 
point where no additional degradation occurs due to the 
blockage of active sites by the dye [14]. 

3.3.2. Absorption Capacity in the Adsorption and 
Photodegradation Process of Methylene Blue 

The adsorption capacity (Q) represents the amount of 
substance (in milligrams) that can be adsorbed by each 
gram of adsorbent. It can be calculated using Equation 10, 
where C0 and Ct are the initial and time-dependent 
concentrations of methylene blue (ppm), V is the solution 
volume (L), W is the catalyst mass (g), and Q is the 
adsorption capacity (mg/g). 

 𝑄 =
(𝐶0−𝐶𝑡)× 𝑉

𝑊
 (10) 

Table 2 presents the adsorption capacities of each 
catalyst for 20 ppm and 40 ppm of methylene blue after 
30 minutes. At 20 ppm methylene blue, HAp exhibits a 
higher adsorption capacity compared to TiO2 and 
TiO2/HAp. This is because HAp has a larger pore diameter, 
which enhances its adsorption capacity relative to TiO2 
and TiO2/HAp. 

 

Figure 5. Adsorption and photodegradation efficiency curves of methylene blue at different concentrations: (a) 20 ppm 
and (b) 40 ppm
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Figure 6. Absorption capacity in methylene blue 
photodegradation process 

The absorption capacity in the adsorption process is 
also compared with the absorption capacity in the 
photodegradation process of methylene blue, as shown in 
Figure 6. Photodegradation conditions reduce the ability 
of HAp to absorb, indicating that HAp functions optimally 
under dark conditions (adsorption). The absorption 
capacity of TiO2 in the photodegradation process 
increases compared to its absorption capacity in the 
adsorption process. During the photodegradation 
process, the photocatalytic capacity of TiO2 is activated 
under UV light exposure, which leads to electron 
excitation from the valence band to the conduction band, 
generating electron-hole pairs [33]. In contrast, during 
the adsorption process under dark conditions, the 
photocatalytic activity is not activated. 

The absorption capacity during the 
photodegradation process shows a more significant 
decrease in methylene blue concentration starting from 
the 40th minute for TiO2/HAp compared to TiO2 and HAp. 
This suggests that HAp plays a role in inhibiting the 
electron recombination process generated by TiO2. The 
higher absorption capacity of TiO2/HAp, compared to TiO2 
and HAp alone, supports this hypothesis. 

 

Figure 7. Photodegradation mechanism of methylene 
blue using TiO2/HAp [9] 

3.3.3. Degradation Mechanism of Methylene Blue by 
TiO2/HAp Composite 

Based on the analysis results, the photocatalytic 
mechanism of TiO2/HAp under UV irradiation is 
illustrated in Figure 7. Upon UV exposure, TiO2 
photocatalysts generate electron-hole pairs, with 
electrons excited from the valence band to the conduction 
band. These electrons are transferred to the oxygen 
vacancy sites on the HAp surface [9]. Oxygen defects, 
which can form at elevated temperatures (~500–700°C), 
lead to the release of oxygen atoms from the PO4 group, 
resulting in oxygen vacancies within the HAp structure 
[34]. 

The energy level at the oxygen defect sites on the HAp 
surface is lower than that of the TiO2 conduction band, 
facilitating the transfer of excited electrons to HAp. These 
captured electrons then react with surrounding oxygen to 
form superoxide radicals (O2-). The electron transfer from 
TiO2 to HAp helps to inhibit the recombination of the 
electron-hole pairs [9]. Simultaneously, holes in the TiO2 
valence band react with water (H2O) to produce hydrogen 
ions (H+) and hydroxyl radicals (OH). Both superoxide and 
hydroxyl radicals then interact with methylene blue 
molecules, degrading them into simpler compounds such 
as CO2 and H2O. 

4. Conclusion 

Based on the research results, it can be concluded 
that the TiO2/HAp composite has been successfully 
synthesized, as evidenced by the XRD data, which show a 
combination of crystalline and amorphous peaks. FTIR 
spectra further confirm the presence of peaks 
corresponding to both TiO2 and HAp. BET-BJH data 
indicate a decrease in surface area and pore volume for 
TiO2/HAp compared to TiO2, likely due to pore blockage. 
The TiO2/HAp composite demonstrates high effectiveness 
in the photodegradation process. As the irradiation time 
increases, TiO2/HAp shows higher degradation efficiency 
than TiO2 and HAp, with photodegradation rates of 
99.10% at 20 ppm and 86.47% at 40 ppm. The absorption 
capacity of TiO2/HAp in the photodegradation process 
reaches 8.3078 mg/g at 20 ppm and 13.6335 mg/g at 40 
ppm after 120 minutes. Therefore, the properties of HAp 
help inhibit electron recombination in TiO2, thereby 
enhancing the photocatalytic performance. 
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