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Water contamination has negative effects on people’s quality of life and 
the environment in recent decades as a result of increased agricultural and 
industrial activities. Using new advanced nanomaterials can be helpful for 
the removal of water contamination. In this study, novel hydroxyapatite/
zinc Oxide nanocomposites was prepared via a simple ci-precipitation 
route. Hydroxyapatite has been known as a biocompatible nanomaterial. 
Prepared samples were analyzed via X-ray diffraction (XRD), scanning 
electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS), 
and Fourier-transform infrared spectroscopy (FTIR) analysis. It was 
found that hydroxyapatite/zinc Oxide nanocomposites can be provided 
as an attractive candidate for photocatalytic degradation of azo dyes. The 
prepared Hydroxyapatite/Zinc Oxide nanocomposites were utilized as a 
photocatalyst for degradation of methylene blue and acid blue 92. Results 
showed that prepared hydroxyapatite/zinc Oxide nanocomposites can be 
degraded 87% and 98% of rhodamine B and methylene blue under UV 
irradiation respectively. It was observed that hydroxyapatite improve the 
photocatalytic activity of zinc oxide.  

INTRODUCTION
Organic pollutants are becoming more prevalent 

in water sources around the world as the world’s 
population grows and industrial and agricultural 

development continues [1, 2]. Biological treatment 
procedures could be used to remediate wastewater 
with high levels of biodegradable contaminants 
[3]. However, wastewater from a variety of 
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industries, including textile, pharmaceutical, 
and agricultural, frequently contains harmful 
chemicals that are slow to degrade [4-6]. Despite 
the fact that there are many promising chemical 
treatment solutions, oxidizing agents employed in 
the water treatment process are having trouble 
dissolving and mineralizing the complicated 
structure of pollutants [7-9]. Photocatalysis is a 
viable method for addressing the water source 
pollution problems. The photocatalytic process 
begins when the catalyst is exposed to light and 
degraded pollutants via producing free radicals 
[10, 11]. The main problem in this technology 
is to design effective photocatalysts that meet 
several requirements, including photochemical 
and chemical stability, robust light absorption, 
and good charge separation [12-15]. While 
nanotechnology has yet to be studied in industrial 
water treatment processes, it offers a huge chance 
to ensure the efficacy of photocatalytic systems. 
The photocatalytic efficiency depends intensively 
on the applied catalyst, so nanostructures can 
be used in the photocatalysis process effectively 
[16-18]. Nanomaterials have size-dependent 
properties such as high surface area, high thermal 
stability, and excellent optical properties, which 
makes them an attractive option for photocatalytic 
processes [19, 20]. These characteristics are crucial 
because they can influence the material’s use. 
According to this, the application of nanomaterials 
in the photocatalytic process have progressed 
rapidly in recent years. Various nanostructures 
have been prepared and applied for the 
improvement of separation photogenerated 
electrons and holes in the photocatalytic process 
[21-25]. Scientists have recently been inspired 
by zinc oxide (ZnO)-based nanocomposites’ 
remarkable photocatalytic characteristic to create 
better ZnO-based nanocomposites with improved 
photo efficiency for pollutant degradation. In 
the synthesis and application of ZnO-based 
nanocomposites for the photocatalytic process, 
their biocompatibility is very important. So far, 
many ZnO-based nanocomposites have been 
made, but their toxic properties have made their 
application a major challenge [25-27]. To overcome 
this limitation, hydroxyapatite nanomaterials 
can be very helpful because of their superior 
biocompatibility. The photocatalytic performance 
of ZnO/hydroxyapatite nanocomposites depends 
heavily on the shape and size of ZnO and 
hydroxyapatite nanostructures [28, 29]. The shape 

and size of nanostructures are influenced by their 
synthesis procedures. 

Karim Tanji et al. prepared zinc oxide/
hydroxyapatite nanocomposites via the wet 
impregnation method. The followed method 
was applied for the synthesis of zinc oxide/
hydroxyapatite nanocomposites: a naturally 
occurring phosphate ore rich in silica and 
calcium phosphate was sieved to separate 
the silica and phosphate phases. After that, a 
pure hydroxyapatite (HAP) was prepared using 
a chemical precipitation process, which was 
employed as a platform for ZnO immobilization 
which ws provided at two weight ratio (25%, and 
50%). Then, the obtained nanocomposites was 
applied for photodegradation of caffeine and 
rhodamine B. Because hydroxyapatite increases 
the synergic phenomena of photocatalysis and 
adsorption, the conversion of both molecules grew 
faster and higher as a result of its presence. Results 
showed that after 25 and 60 min, rhodamine B 
and caffeine were completely photodegraded, 
respectively [30]. 

In another work, C. El Bekkali et al. prepared 
zinc oxide/hydroxyapatite nanocomposites 
via solvent-free route and investigated its 
photocatalytic efficiency against ofloxacin and 
ciprofloxacin antibiotics under UV irradiation. 
It is found that both antibiotics were degraded 
significantly. Depending on the antibiotic studied, 
the photocatalytic efficiency of the zinc oxide/
hydroxyapatite nanocomposites under UV 
irradiation was equivalent to or better than that 
of the photocatalytic particles alone at high ZnO 
loadings [31].

In this work, the hydroxyapatite nanoparticles 
and zinc oxide/hydroxyapatite nanocomposites 
were prepared via a simple and fast chemical 
precipitation route. The shape, size, crystallinity, 
and optical properties of prepared nanocomposites 
were characterized via SEM, XRD, and UV-Vis 
analysis. The prepared nanocomposite was 
applied for photodegradation of methyl orange 
and rhodamine B under UV light.

MATERIALS AND METHODS
Chemical and reagents

Calcium nitrate (Ca(NO3)2), ammonium 
dihydrogen phosphate ((NH4)(H2PO4)), 
polyvinylpyrrolidone (PVP), sodium hydroxide 
(NaOH), Zinc nitrate hexahydrate (Zn(NO3)2·6H2O), 
and ethanol were prepared from Merck Co. 
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and applied at analytical grade without further 
purification.

Field emission scanning electron microscopy 
(FESEM) (XL30, Philips microscope) was applied 
for the characterization of the shape and size 
of products. Fourier transform infrared (FTIR) 
spectra of the samples was provided via Magna-
IR, spectrometer 550 Nicolet in KBr pellets. X-ray 
diffraction patterns were obtained by an X-ray 
diffractometer using Ni-filtered CuKα radiation, 
Philips. The optical properties of samples were 

investigated via UV-Vis spectrophotometer (UV-
shimadzu). 

Synthesis of hydroxyapatite
Calcium nitrate and ammonium dihydrogen 

phosphate was dissolved in deionized water 
according to the molar ratio 1.67:1 (Ca:P). Then, 
the pre-prepared PVP solution was added to 
the solution. After 20 min, the 0.01M NaOH 
was added to as-prepared Ca, and P containing 
solution dropwise under vigorous stirring. The 

 
Fig. 1. XRD pattern of a) hydroxyapatite nanoparticles and b) zinc oxide/hydroxyapatite nanocomposites
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pH of the solution was checked regularly. The 
addition of NaOH continued until reaching the pH 
of 10. The as-obtained mixture underwent 10 h 
of stirring. The collected white solid was washed 
with deionized water and ethanol. The white 
precipitate was dried at 60 ˚C for 20 h. The final 
product was obtained with sample calcination at 
700 ˚C for 2 h.

Synthesis of zinc oxide/hydroxyapatite 
nanocomposites

The as-prepared hydroxyapatite nanomaterials 
were dispersed in deionized water in the 
ultrasonic bath. The Zinc nitrate hexahydrate was 
added to the mixture and stirred for 15 min. After 
that the NaOH solution was added to precipitate 
zinc hydroxide. Then, the prepared solid was 
centrifuged and then dried at 60 ˚C for 24 h. 
Finally, the solid was calcined at 500 ˚C for 2 h.

Photocatalytic test
In a batch photoreactor, methylene blue and 

rhodamine B photocatalytic degradation were 
employed to investigate the photocatalytic activity 
of zinc oxide/hydroxyapatite nanocomposites. The 
UV lamp was placed seven centimeters away from 
the solution surface. The zinc oxide/hydroxyapatite 
nanocomposites (0.2 g) was added to the 20 ppm 
methylene blue and rhodamine B solution and 
physically agitated for 30 minutes in the dark to 
achieve adsorption equilibrium. A mechanical 
stirrer was used to mix the contents of the reactor 
under UV irradiation. Then, every 15 minutes, 

using 5 minutes of centrifugation at 12,000 rpm, 
zinc oxide/hydroxyapatite nanocomposites was 
isolated from the samples collected from the 
photodegraded solution. The UV-vis analysis 
was used to determine the methylene blue and 
rhodamine B concentration.

RESULTS AND DISCUSSION
Crystalline structure of prepared hydroxyapatite 

nanoparticles and zinc oxide/hydroxyapatite 
nanocomposites was investigated via XRD. As 
well as shown in Fig. 1a, the hexagonal phase of 
hydroxyapatite was forms (JCPDS No. 00-024-
0033, space group: P63/m) with lattice parameter 
a = b= 9.4320 Å and c = 6.8810. The crystalline size 
was calculated via Scherrer equation: 

Dc=Kλ/βCosθ                                                           (1)

where β is the width of the observed diffraction 
peak at its half maximum intensity (FWHM), K is the 
shape factor, which takes a value of about 0.9, and 
λ is the X-ray wavelength (CuKα radiation, equals 
to 0.154 nm). The crystalline size was measured 17 
nm for hydroxyapatite nanoparticles. It should be 
noted that the position of the peak in XRD pattern 
confirmed the formation of pure hydroxyapatite 
without impurity. Fig. 1b shows the XRD pattern 
of zinc oxide/hydroxyapatite nanocomposites. The 
results showed that the hexagonal phase of zinc 
oxide (ZnO) with JCPDS No. 01-080-0074, space 
group: P63mc was formed with hydroxyapatite 
(JCPDS No. 00-024-0033). Because of the zinc 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. FTIR spectrum of a) hydroxyapatite nanoparticles and b) zinc oxide/hydroxyapatite nanocomposites
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oxide/hydroxyapatite nanocomposites synthesis, 
it was predictable that the phase structure of 
hydroxyapatite nanoparticles would not change. 
XRD analysis confirmed that the zinc oxide/
hydroxyapatite nanocomposites were successfully 
synthesized without impurity. 

Fig. 2 shows FTIR spectrum of prepared 
hydroxyapatite nanoparticles and zinc oxide/
hydroxyapatite nanocomposites. The broad peaks 
at 3200-3500 cm-1 was attributed to the O-H bond. 
The mild peaks at near 540, 774, 900-970, 1000-
1060, and 1100-1200 cm-1 were related to the 
PO4

3-. The peak at 1600-1700 cm-1 was assigned 
to H-O-H absorption peak. The main difference 

between the FTIR spectrum of hydroxyapatite and 
zinc oxide/hydroxyapatite is the appearance of 
a peak at 5100 cm-1 which is related to the Zn-O 
bond. The intensity of O-H absorption peak in FTIR 
spectrum of zinc oxide/hydroxyapatite is lower 
than hydroxyapatite. 

Fig. 3a shows SEM image of prepared 
hydroxyapatite nanoparticles. SEM images 
confirmed the formation of the regular shape 
and size of hydroxyapatite in 70 nm diameter. 
Fig. 3b shows the SEM images of prepared zinc 
oxide/hydroxyapatite nanocomposites. The SEM 
images display the formation of hydroxyapatite 
nanoparticles beside zinc oxide nanoparticles. The 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. SEM image of a) hydroxyapatite nanoparticles and b) zinc oxide/hydroxyapatite nanocomposites

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. TEM image of zinc oxide/hydroxyapatite at two magnifications
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morphology of particles is spherical. TEM images 
were applied for further investigation of zinc oxide/
hydroxyapatite nanocomposites morphology. The 
obtained results from TEM images confirmed 
the formation of hydroxyapatite nanoparticles 
beside ZnO nanoparticles. It is also confirmed 
the homogenous shape and size of particles 
in prepared nanocomposites (Fig. 4). Optical 

properties are vital for photocatalytic application. 
Therefore, the UV-Vis analysis was applied for the 
investigation optical properties. As well as shown 
in Fig. 5a, the broad absorption peak was observed 
at 366 nm which is similar to the previous reports 
about ZnO-based nanocomposites [32, 33]. The 
optical energy band gap of nanocomposite was 
calculated via Tauc relation:

 

 

 

 

 

 

 

 

 

 

Fig. 5. a) UV-Vis absorption spectrum b) calculated band gap of prepared zinc oxide/hydroxyapatite 

 

 

 

 

 

 

 

 

 

Fig. 6. Photocatalytic activity of prepared zinc oxide/hydroxyapatite against rhodamine B under UV 
irradiation
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(𝛼𝛼ℎ𝜈𝜈)𝑛𝑛 = 𝐵𝐵(ℎ𝜈𝜈 − 𝐸𝐸𝑔𝑔)                                           (2)

Where hν is the photo energy, α is the 
absorption coefficient, B is a constant relative to 
the material and n is either 2 for a direct transition 
or 1/2 for an indirect transition. The band gap 
was calculated 3.84 eV for prepared zinc oxide/
hydroxyapatite nanocomposites, as well as shown 
in Fig. 5b.

The water contaminant by dyes from different 
industries is raising a lot of concern in recent years. 
Despite their well-known toxicity to humans, azo 
dyes make up over half of the used dye population. 
In this study, prepared zinc oxide/hydroxyapatite 
nanocomposites was applied for photocatalytic 
degradation of methylene blue and rhodamine B 
as water pollutants. The photocatalytic efficiency 
was calculated via equation (3):

Color Removal (%) = (C0-Ct/ C0) ×100                                (3)
 
Where C0 (mgL−1) is the initial concentration 

of methylene blue and rhodamine B in solution, 
and Ct (mgL−1) is the concentration of methylene 
blue and rhodamine B at different irradiation 

times. Fig. 6 displays the photocatalytic activity 
of zinc oxide/hydroxyapatite nanocomposites 
against rhodamine b. It is clear that 87% of 
rhodamine B was degraded after 120 minutes 
under ultraviolet irradiation. The photocatalytic 
activity was increased 98% against methylene 
blue (Fig. 7). With more focus on details, it is clear 
that in the early times, the rate of degradation of 
methylene blue is higher than that of rhodamine 
B. The sufficient optical band gap leads to excellent 
photocatalytic activity of zinc oxide/hydroxyapatite 
nanocomposites. Optical features of zinc oxide/
hydroxyapatite nanocomposites cause charge 
transfer from zinc oxide to hydroxyapatite and 
stop charge recombination in zinc oxide. This 
led to the formation of hydroxyl radicals on the 
surface of nanocomposites and accelerates the 
photodegradation process.

CONCLUSION
In conclusion, hydroxyapatite nanoparticles 

and zinc oxide/hydroxyapatite nanocomposites 
were prepared via a facile and fast chemical 
precipitation route. The crystalline features of 
products were investigated via XRD analysis that 
confirmed the formation of hexagonal phase of 

 

 

 

 

 

 

 

Fig. 7. Photocatalytic activity of prepared zinc oxide/hydroxyapatite against methylene blue 
under UV irradiation
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zinc oxide and hydroxyapatite. Morphological 
characteristics of samples were analyzed via SEM 
and TEM analysis. It was confirmed the regular 
spherical morphology of hydroxyapatite and 
zinc oxide/hydroxyapatite nanocomposites were 
formed. The band gap of prepared zinc oxide/
hydroxyapatite nanocomposites was measure 
3.84 eV through UV-Vis analysis which was 
excellent for the photocatalytic process under 
UV irradiation. Results showed that prepared zinc 
oxide/hydroxyapatite nanocomposites degraded 
87% and 98% of rhodamine B and methylene 
blue after 120 minutes under UV irradiation. The 
presence of hydroxyapatite makes the zinc oxide/
hydroxyapatite nanocomposites biocompatible.
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