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The presence of hydrogen sulfide (H2S) is an issue for industrial processing, such 

as gasoline, natural gas, and biogas. In this study, hydroxyapatite (HA) 

nanoparticles with high purity were successfully extracted from red tilapia fish 

scales and used as supporting materials for zinc oxide (ZnO) to remove H2S. 

Various amounts of ZnO decorated on HA nanoparticles were prepared from a 

zinc nitrate hexahydrate precursor. Powder X-ray diffraction (XRD) and Fourier 

transform infrared spectroscopy (FTIR) of the ZnO/HA samples demonstrated 

the successful synthesis of ZnO/HA with high purity. The scanning electron 

microscope (SEM) image analysis confirmed the uniform deposition of ZnO on 

HA nanoparticles which were smaller than 245 nm. The ZnO/HA samples with 

different ZnO loadings (i.e., 5, 10, and 15 wt%) were used to remove H2S at room 

temperature. The specific surface area of HA and ZnO/HA determined by the 

Brunauer-Emmett-Teller (BET) method was 37.022 (m2/g) and 111.609 (m2/g), 

respectively. The experimental results demonstrated the highest breakthrough 

sulfur capacity of 26.3 mg S/g with the sorbent ZnO (15 wt%)/HA nanoparticles. 

This H2S adsorption capacity was the highest capacity ever achieved for 

ZnO/HA.Therefore, there are great possibilities for effective removal of H2S at 

the ambient conditions using the ZnO (15 wt%)/HA nanoparticles, where HA 

nanoparticles could be sustainably extracted from the abundant organic source of 

red tilapia fish scales. 
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1. INTRODUCTION

Hydrogen sulfide (H2S) is one of the most 

difficult issues for energy industries such as natural 

gas, biogas, liquefied gas, and gasoline since it causes 

the corrosion of pipes and equipment, and poisons 

catalysts even at low concentrations (de Falco et al., 

2018; Gupta et al., 2021; Han et al., 2020; Liu et al., 

2012; Qiu et al., 2021). H2S is usually treated by 

biological, physical and chemical methods (Gupta et 

al., 2021; Qiu et al., 2021; Wang et al., 2021). Among 

them, the chemical treatment method, particularly 

chemical adsorption, has the highest removal 

efficiency (Ali et al., 2020a; Ali et al., 2020b; Ali and 

Saleh, 2020; de Falco et al., 2018; Gupta et al., 2021; 

Qiu et al., 2021; Quan et al., 2021; Saleh, 2020; Saleh, 

2021b; Singh et al., 2019). Metal oxides are often used 

as chemical adsorbents for high performance. For 

example, zinc oxide (ZnO) is a well-known 

photocatalyst for the degradation of several 

environmental contaminants due to being a non-toxic 

and inexpensive material with a high capacity to 

adsorb H2S (Buazar et al., 2015). Moreover, it has 

been known to have a high equilibrium constant for 

H2S removal at the ambient temperature ranging from 

5.9 mg S/adsorbent to nearly 96.5 mg S/adsorbent 

(Al-Hammadi et al., 2018; Al-Jamimi and Saleh, 

2019; de Falco et al., 2018; Geng et al., 2019; Gupta 

et al., 2021; Saleh et al., 2019; Saleh et al., 2020).  

There are various ways to synthesize ZnO NPs 

(Buazar et al., 2016a; Buazar et al., 2016b). However, 

there are some difficulties in using ZnO directly as an 

adsorbent. The main drawback reported by previous 

Citation: Van-Pham D-T, PhatVV, Chiem NH, Quyen TTB, Mai NTN, Giao DH, Don TN, Thien DVH. Synthesis of hydroxyapatite/zinc oxide 

nanoparticles from fish scales for the removal of hydrogen sulfide. Environ. Nat. Resour. J. 2022;20(3):323-329.

(https://doi.org/10.32526/ennrj/20/202100228)

323



Van-Pham D-T et al. / Environment and Natural Resources Journal 2022; 20(3): 323-329 

studies is that the higher the temperatures of the 

adsorption process are used, the lower the mechanical 

stability of chemical interaction between the support 

and the active site (Singh et al., 2019).  Recently, ZnO 

on various base supports (e.g., activated carbon, 

zeolite, silicon dioxide, multiwall carbon nanotubes, 

and reduced graphite oxide) to remove H2S at room 

temperature have been reported (de Falco et al., 2018; 

Geng et al., 2019; Singh et al., 2019). Hernández et al. 

(2011) used zinc oxide on activated carbon to remove 

H2S (Hernández et al., 2011). Liu et al. (2012) 

implemented ZnO/SiO2 gel composites to remove H2S 

and the highest H2S adsorption capacity was 96.4 mg/g 

(Liu et al., 2012). Song et al. (2013) removed 

hydrogen sulfide by zinc oxide/reduced graphite oxide 

composite (Song et al., 2013). Abdullah et al. (2018) 

reported the removal of hydrogen sulfide from biogas 

by using zinc oxide-impregnated zeolite with the 

maximum capacity of H2S adsorption of 15.75 mg/g 

(Abdullah et al., 2018). Singh et al. (2019) used ZnO-

decorated multiwall carbon nanotubes for efficient 

H2S removal (Singh et al., 2019). Most recently, Geng 

and coworkers used a zinc oxide nanoparticle/ 

molecular sieve to remove hydrogen sulfide with the 

highest capacity of 54.9 mg/g (Geng et al., 2019). 

Hydroxyapatite (HA) Ca10(PO4)6(OH)2 is the 

main component of bone and hard tissue of animals 

(Thien et al., 2015; Thien et al., 2021). HA 

nanoparticles are capable of binding to metal ions such 

as Zn2+, Cd2+, and Cu2+ (Ibrahim et al., 2020). HA 

nanomaterials have been synthesized by various 

methods including sol-gel, precipitation, hydrothermal, 

and microwave-assisted synthesis (Ibrahim et al., 

2020; Thien et al., 2021). Significant advantages of the 

precipitation method for synthesizing HA are that      

it is simple, cost-effective, and highly repeatable. 

Moreover, this method can be used to extract HA from 

bio-wastes such as eggshell, cow bone, coral, shells, 

and especially fish scales, major wastes in aquatic 

product processing (Kongsri et al., 2013; Thien et al., 

2021).  

In this study, HA was extracted from the scales 

of red tilapia (Oreochromis sp.), the most popular 

freshwater fish in the Mekong Delta, Vietnam. Next, 

HA was combined with a precursor of zinc nitrate 

under appropriate conditions to prepare ZnO/HA 

materials available for the removal of H2S. Finally, 

ZnO/HA materials were applied to remove H2S at 

ambient conditions.  

2. METHODOLOGY

2.1 Materials

Hydrochloric acid (HCl), sodium hydroxide 

(NaOH), ammonium hydroxide (NH4OH) (28-30%), 

and zinc nitrate hexahydrate (Zn(NO3)2·6H2O) (99%) 

were purchased from Merck. Distilled water was used 

for all experiments. Hydrogen sulfide and nitrogen 

were supplied by a local company in Vietnam. 

2.2 Methods 

2.2.1 Preparation of hydroxyapatite nano-

powders from fish scales 

The scales of red tilapia (Oreochromis sp.) were 

collected from a local market in Ninh Kieu District, 

Can Tho City, Vietnam.  They were soaked and rinsed 

in distilled water several times to remove salts and 

dirty substances. To deprotein, the scales were soaked 

and stirred in 0.1 M HCl solution for 15 min at room 

temperature and washed several times with distilled 

water. The residue of HCl was neutralized by 5% 

(w/v) NaOH solution. The remaining proteins of fish 

scales were treated with 50% (w/v) NaOH, heated and 

stirred at 100oC for 80 min. The precipitated 

(nanopowder) particles were filtered and washed with 

distilled water before being dried at 60oC (Kongsri et 

al., 2013; Zainol et al., 2019). 

2.2.2 Preparation of ZnO/hydroxyapatite nano-

powders 

ZnO/hydroxyapatite nanopowders were 

prepared via a two-step in-situ deposition of Zn(NO3)2 

on HA nanoparticles by a reaction with NH4OH. 

Briefly, HA (1 g) was added to 50 mL of Zn(NO3)2 

solution with the weight percent ZnO: HA ratios of 

5/95, 15/85, and 30/70. Then, NH4OH (25%) was 

added slowly to the solution until pH reached 10 under 

continuous stirring of 200 rpm for 24 h at room 

temperature. The precipitate was washed with distilled 

water several times. Finally, the precipitate was 

calcined at 500°C for 3 h. 

2.2.3 Characterization of hydroxyapatite nano-

powders and ZnO/hydroxyapatite nanopowders 

Phase structures of HA and ZnO/HA materials 

were analyzed by X-ray diffraction (XRD, D8 

Advance Brucker, Germany). XRD results were 

obtained for samples of HA and ZnO/HA at 2 theta in 

the range of 10°-70°. 
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The functional groups of HA and the interaction 

between ZnO and HA were characterized by Fourier 

transform infrared spectroscopy (FTIR, Nicolet 6700, 

Thermo Scientific).  

Surface morphology of the hydroxyapatite and 

ZnO/HA nanopowders were observed by a scanning 

electron microscopy (SEM, JSM-6390LV, JEOL, 

Japan) at an accelerating voltage of 10 kV after gold 

coating.  

2.2.4 Removal of H2S 

The adsorption experiments are described in 

Figure 1. The system consists of three main 

components: two gas cylinders for supplying a 

mixture of H2S and nitrogen, a reactor (U-shaped 

Pyrex glass tube with an internal diameter of 8 mm and 

length of 30 cm), and a H2S sensor (Alphasense 

company, England). To study H2S adsorption ability, 

ZnO/HA samples (0.5 g) with ZnO/HA mass ratios of 

5%, 10%, and 15% were fixed in the reactor. 

Experiments were carried out with an inlet H2S 

concentration of 1,450 ppmv at ambient conditions 

(30°C, 1 atm). The sulfur adsorption capacity (SC) at 

the breakthrough point of the materials was 

determined by the following equation (Abdullah et al., 

2018): 

SC (
g−sulfur

100 g−sorbent
) = WHSV ×

MS

Vmol
×     (1) 

∫ (Cin − Cout)
t

0
× 10−4dt

Where; WHSV is the weight hourly space 

velocity fixed at 0.176 (L/(min·g); MS is the standard 

atomic weight of sulfur (32 g/mol); Cin is the inlet 

concentration of H2S (1,450 ppmv); Cout is the outlet 

concentration of H2S at the breakthrough point 

(ppmv); Vmol is the molar volume (24.5 L/mol) at 

standard condition (298 K and 1 atm); t is time of the 

adsorption until H2S concentration in the output gases 

is higher than the breakthrough time (min). 

Figure 1. The experimental system for removing hydrogen sulfide 

3. RESULTS AND DISCUSSION

3.1 Structural characterization of hydroxyapatite

nanopowders and hydroxyapatite/ZnO nano-

powders

Figure 2 shows XRD patterns of HA and 

HA/ZnO hydroxyapatite nanopowders with mass 

ratios of 5%, 15%, and 30%.  From the XRD patterns, 

the intensities of the characteristic peaks of ZnO 

increased with the increase in concentrations of ZnO. 

The diffraction peaks at the 2 of 25.9, 31.78, 

32.15, 32.83, 34.04, 39.70, 46.68, 49.39, and 

53.10 corresponding to the lattice planes of (002), 

(211), (112), (300), (202), (310), (222), (213), and 

(004), respectively could be exactly assigned to the 

HA phase (JCPDS No: 00-009-0432). The crystalline 

phase of ZnO can be observed at the 2 of 31.7, 34.4, 

36.3, 47.5, 56.6, 62.9, 66.4, 67.9, and 69.1 

corresponding to the lattice planes of (100), (002), 

(101), (102), (110), (103), (200), (112), and (201) 

(JCPDS No: 36-1451). Thus, loaded ZnO based on 

HA materials were successfully prepared. To further 

understand the interactions between ZnO and HA as 

well as their morphologies, HA and ZnO/HA materials 

were characterized using FTIR and SEM methods. 

Hydrogen 

sulfide 

(H2S) 

Nitrogen 

(N2) 

1. Value

2. Mass flow meter

3. Mixer

4. Reactor
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6. Computer

7. Sodium Hydroxide Solution (30%)

325



Van-Pham D-T et al. / Environment and Natural Resources Journal 2022; 20(3): 323-329 

10 20 30 40 50 60 70

(d)

(c)

(b)

In
te

n
si

ty

2 (degree)

(a)

Figure 2. XRD patterns of HA and HA/ZnO nanopowders: (a) 

HA, (b) ZnO (5 wt%)/HA, (c) ZnO (15 wt%)/HA, and (d) ZnO (30 

wt%)/HA  

Figure 3 shows the FTIR spectra of HA and 

ZnO/HA particles. The functional groups OH- and 

PO4
3- of HA were characterized by oscillations at 

wavelengths 3,570 and 3,439 cm-1. The characteristic 

P-O absorbances of PO4
3- groups are at wavelengths 

568, 603, 633, 1,035, 1,995 cm-1. In the spectra, there 

are also typical fluctuations of CO3
2- groups detected 

at the wavelength of 1,456 cm-1, which indicates the 

presence of type B-HA, i.e., PO4
3- functional groups 

are replaced by CO3
2- functional groups. This result is 

completely consistent with that of Kongsri et al. 

(2013). In addition, no other strange vibrations were 

found in FTIR suggesting that HA material prepared 

from fish scales by the alkali heat method did not show 

the presence of other impurities. The FT-IR diagram 

of ZnO/HA in Figure 3(b) shows the functional groups 

are similar to those in Figure 3(a). This means that in 

the process of loading ZnO on HA, the functional 

groups of HA material were not changed (Saleh, 2011; 

Saleh, 2015a; Saleh, 2015b). However, from the FT-

IR spectrum of ZnO/HA materials, the intensity of the 

oscillations of the PO4
3- groups increases compared to 

that of HA material due to the connection between zinc 

and PO4
3- groups (Zhou et al., 2008). 
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Figure 3. FTIR spectra: (a) HA and (b) ZnO (15 wt%)/HA 

Figure 4 shows SEM images of synthesized HA 

and ZnO/HA. The morphology of HA and ZnO based 

on HA materials was the same. However, in Figure 

4(b), the ZnO nanoparticles were uniformly deposited 

on the surface of the HA. The results were consistent 

with previous reports (Kongsri et al., 2013; Saleh, 

2016; Saleh, 2018). Also, the specific surface area of 

HA was 37.022 m2/g and ZnO/HA was 110.609 m2/g. 

Thus, the H2S adsorption capacity of ZnO/HA could 

be improved due to the enhanced surface area to 

volume ratio of the material. 

Figure 4. SEM images of (a) HA and (b) ZnO (15 wt%)/HA 
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3.2 Hydrogen sulfide adsorption capacity 

The breakthrough curves of hydrogen sulfide 

for various samples of ZnO (5, 15, 30 wt%)/HA are 

shown in Figure 5(a). From the breakthrough curves 

of hydrogen sulfide, the corresponding adsorption 

capacities were determined according to Equation 1 

and shown in Figure 5(b). At low loading ZnO, the 

adsorption capacity is low. When increasing ZnO 

content, the adsorption capacity increases and reaches 

a maximum value of 26.3 mg S/g sorbent for sample 

ZnO (15 wt%)/HA, then decreases with increasing 

ZnO content. Due to chemical affinity of ZnO to H2S, 

the adsorption capacity increases when more ZnO is 

added. However, at the high content of ZnO loading, 

the excess of ZnO might agglomerate and collapse the 

active centers for desulphurization. Also, with 3 

replicates in each sample, the difference is not 

significant. The results are in good agreement with 

previous studies (Abdullah et al., 2018; Geng et al., 

2019; Liu et al., 2012; Saleh, 2021a; Saleh and Al-

Hammadi, 2021; Wang et al., 2008). Therefore, 15 

wt% of ZnO loaded on HA is the optimum content for 

the effective removal of H2S. 
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Figure 5. (a) The breakthrough curves of hydrogen sulfide with different ZnO loading (5, 15, 30 wt%) on HA nanoparticles; (b) The sulfur 

adsorption capacities of the different ZnO loading (5, 15, 30 wt%) on HA nanoparticles with 3 replicates (all experiments were carried 

out with an inlet H2S concentration of 1,450 ppmv at 30°C, 1 atm) 

Table 1 shows the adsorption capacity and the 

breakthrough time of (ZnO 15 wt%)/HA nanoparticles 

at the breakthrough point as well as ZnO based on 

some other carriers such as MCM-41, BSA-15, SiO2, 

activated carbon, zeolite Na-A, and Zn-MOF reported 

in several studies for comparison. The adsorption 

capacity of ZnO based on HA is higher than that of 

ZnO based on MCM-41, BSA-15, activated carbon, 

and zeolite Na-A and lower than that of ZnO based on 

SiO2 or activated carbon. It may be explained by the 

interactions between ZnO and carriers and by different 

morphologies and sizes of the sorbents. Thus, ZnO (15 

wt%)/HA nanoparticles would be a promising material 

for the removal of H2S.

Table 1. Sulfur capacities of sorbents based on ZnO at room temperature 

Adsorbent Sulfur adsorption capacity 

(mg S/g adsorbent) 

Temperature 

(oC) 

Breakthrough time 

(min) 

References 

ZnO (15 wt%)/MCM-41 5.9 25 70 Hussain et al. (2012) 

ZnO (15 wt%)/SBA-15-S 18.5 25 200 Hussain et al. (2012)

ZnO (15 wt%)/SBA-15-F 15.6 25 180 Hussain et al. (2012)

ZnO (15 wt%)/SiO2 32.0 - 19 Dhage et al. (2010) 

ZnO (20 wt%)/Activated carbons 17.1 30 2 de Falco et al. (2018) 

ZnO (20 wt%)/Zeolite Na-A 24.0 28 60 Abdullah et al. (2018) 

ZnO/Activated carbons 66.4 30 150 Yang et al. (2019) 

ZnO-MgO (20 wt%)/Activated carbon 96.5 30 124 Yang et al. (2020) 

Zn-MOF/ZnO nanocomposites 14.2 Ambient 

conditions 

11 Gupta et al. (2021) 

ZnO (15 wt%)/HA 26.3 30 85 This work 
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4. CONCLUSION

High purity HA nanoparticles were successfully 

extracted from red tilapia scales, an abundant organic 

waste in the Mekong delta. From the obtained HA 

nanoparticles, ZnO/HA nanoparticles were also 

successfully prepared with a uniform ZnO loading of 

5, 15, and 30 wt%. The uniform distribution of ZnO 

on HA, confirmed by SEM image analysis, facilitated 

the H2S adsorption in a gas mixture. The adsorption 

processes at ambient conditions (30°C, 1 atm) were 

very useful in practical applications. Based on the 

adsorption capacity experiment results with different 

ZnO loadings, the 15 wt% ZnO/HA sample was found 

optimal with the maximum adsorption capacity for 

H2S at the breakthrough point of 26.5 mg S/g 

adsorbent. This breakthrough sulfur capacity was the 

highest capacity ever reported for ZnO using HA as an 

effective carrier. Thus, ZnO/HA nanoparticles showed 

great potential in H2S removal and the sustainable use 

of the enormous source of red tilapia scales. 
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