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Abstract: ZnO nanosized materials are well known for their photocatalytic and antibacterial properties. Their implication in water treatment 

and environmental protection, especially as a part of composite materials, has been an object of study of a great number of researchers 

working in the field. Zeolites are excellent candidates for support of composites preparation with semiconductor oxides since they are non-
hazardous, non-expensive and naturally abundant materials. In order to synthesize nanosized ZnO with well-developed surface area and 

uniform size distribution in pristine form and supported on zeolite, we applied the method of precipitation assisted by sonicatio n. As 
prepared ZnO nanoparticles and the composite ZnO-zeolite were characterized by XRD, SEM and UV-Vis spectroscopy. The ZnO 

crystalized in wurtzite structure in both materials. The morphology of ZnO nanoparticles was affected by the zeolite framework, as in the 

composite the ZnO was formed in-situ at the presence of zeolite. The ultrasonic irradiation during the precipitation of Zn(OH)2 and aging of 
the reaction mixture causes activation of the zeolite surface and prevents the aggregation of ZnO particles. In result evenly distributed ZnO 

nanoparticles were obtained in the composite.  
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1. Introduction

Zinc oxide (ZnO) is well-known and widely used material as an 

active ingredient in paints, plastic, cosmetics, medicine (common 
brand name(s): Aquaphor, Balmex, Medi-Paste, etc). It is a II-VI 

semiconductor with energy band gap of ~3.3 eV at room 
temperature. ZnO is non-toxic and non-expensive material which 

makes it very convenient for a large scale application. With the 
intensive development of nanotechnologies, ZnO found some new 

areas of application by using its nanosized form, namely ZnO 
nanoparticles (ZnONPs). Based on the fact that by changing the 

morphology, surface area, particle size and distribution, the 

properties of the same chemical compound can be varied, the 
antibacterial [1,2,3] and photocatalytic properties [4,5] of ZnONPs 

as well as their application for solar cells fabrication [6,7] have been 
extensively explored.   

Promising results in each of the listed areas have been reported 

so far. Beek et al. [6] have described new hybrid bulk-
heterojunction solar cells based on nanocrystalline ZnO with 5 nm 

diameter as the n-type semiconductor, which were prepared via 

hydrolysis and condensation of zinc acetate dihydrate. The ZnO 
nanoparticles were dispersed in a semiconducting polymer thus 

forming the active layer of the solar cell. This model cell 
demonstrated up to 40 % conversion of solar energy into electrical 

current proving the effectiveness of synergism of organic and 
inorganic materials in photovoltaics. 

The photocatalytic activity of ZnONPs have been studied for 

years and the research is still ongoing due to the promising results. 

Weerathunga et al. [5] showed very interesting results from their 
latest study which suggests a relationship between the morphology 

of ZnO nanoparticles and their photocatalytic  activity. Three types 
of shapes (rods, plates and cones) have been tested in the reaction of 

benzyl alcohol oxidation. The experimental data revealed that ZnO 
nanocones resulted in higher benzyl alcohol conversion compared 

to nanorods and nanoplates. This was explained by the crystal 
structure of ZnO nanocones and the orientation of undercoordinated 

O atoms towards the species in reaction medium. The authors are 

hopeful that their findings will provide useful insights how to 
optimize reaction conditions in other heterogeneous photocatalytic 

reactions involving oxidation reactions activity. 

The antibacterial activity of ZnO is another area of interest of 
researchers.  Bhuyan et al. [Грешка! Показалецът не е 

дефиниран.] used 25% (w/v) of Azadirachta indica (Neem) leaf 
extract for biosynthesis of ZnO nanoparticles. They tested the 

antibacterial and photocatalytic activity of ZnO obtained. By shake 

flask method different concentrations of ZnO nanoparticles (20 
mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/mL and 100 mg/mL) were 

used against Gram-positive and Gram-negative bacteria: 
Staphylococcus aureus, Streptococcus pyogenes and Escherichia 

coli. The authors found that increase in nanoparticle concentration 
leads to decrease in bacteria growth and Gram-positive bacteria 

were more sensitive to ZnO nanoparticles than Gram-negative 

bacteria. As an additional benefit, biosynthesized ZnO nanoparticles 
demonstrated activity in the photocatalytic degradation of 

methylene blue (MB) under the UV light.  

Other authors also reported biosynthesis using plant extract for 
nanosized ZnO preparation. [8, 9, 10]. Salam et al. [10] have 

showed the synthesis of ZnONPs using Ocimum basilicum L. var. 
purpurascens Benth.-Lamiaceae leaf extract and zinc nitrate. The 

obtained ZnONPs had hexagonal (wurtzite) shape and size about 50 
nm. 

Other widely applied method for preparation of ZnONPs is by 
precipitation reaction under ultrasonic irradiation that allows a 

control over the size and morphology of the formed nanoparticles. 
This fact is of significant importance because some studies suggest 

that photocatalytic properties of ZnO strongly depend on their 
morphology [Грешка! Показалецът не е дефиниран.,11,12]. 

The effect of ultrasonic irradiation was confirmed by other research 
teams as well [13].  Meronia et al investigated an ultrasound-

assisted synthesis of ZnO-based photocatalysts for the removal of 

NOx. They found enhanced surface area under sonication in 
comparison with samples from conventional synthesis. . The main 

experimental parameter affecting the structure of obtained ZnONPs 
was pH and the reaction temperature, as both influenced the 

precipitation of Zn(OH)2 and its subsequent conversion to ZnO 
phase. Other important founding was that the counter-ion in the zinc 

precursor influence the morphology (star-shaped, flower-like, 

platelets), as well as the surface area [13]. 

In order to improve the antibacterial and photocatalytic 
properties of ZnONPs some authors suggest to immobilize the ZnO 

onto a support aiming a synergetic effect of action and easier 
recovery of the nanocomposite material. Zeolite is very beneficial 

support for ZnONPs because zeolite itself is used in water treatment 
as a sorbent and ion exchanger [14,15]. Shaw et al., demonstrated 

the efficiency and specificity of ZnO-zeolite core-shell composite in 

the removal of heavy metal ions and organic pollutants in neat,  
multi and mixed system [14]. It was established that the adsorption 

by the nanocomposite follows the order Pb(II) > Fe(III) > Cd(II) 
and MB dye > p-nitrophenol > Aniline. In addition, it was also 

demonstrated that the adsorption on zeolites is slower 
chemisorption compared to the faster physi-chemisorption in core-

shell particles contributing to the rapid and enhanced adsorption 
posessed by the composite. ZnO-zeolite has also proven to be very 

effective photocatalyst and a multifunctional adsorbent with high 

specificity towards Pb(II), Fe(II), MB dye and p-nitrophenol. 

For preparation of nanocomposite materials containing ZnONPs 
the ultrasonication method was chosen by researchers [16]. Heidaria 

et al. [17] used sonoprecipitation for in-situ preparation of Zn-
zeolite nanocomposites resulting in novel ZnO nanorods over ion 
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exchanged clinoptilolite. This material was found to be efficient 
catalyst for the photocatalytic degradation of the drug furosemide 

(FRS). The higher surface area of the composite resulted in an 
enhanced photocatalytic activity in comparison to pristine ZnONPs 

prepared by conventional precipitation method.  By means of 
various analytical methods (TEM, EDX, BET, UV-visible 

spectroscopy techniques, XRD, etc.) it was shown that the average 

particle size of ZnO in ZnO/clinoptilolite composite prepared by 
sonoprecipitation was 20.5 nm, while without sonication the size 

increased up to 34.8 nm. Aside from that, the sonication of the 
reaction mixture during the precipitation process prevented the 

agglomeration of nanoparticles. The effects of different parameters 
such as amount of ZnO on the zeolite, catalyst dosage, initial FRS 

concentration, pH of reaction media on the photocatalytic 
degradation were investigated. 

ZnO-based composites are also known for their antibacterial 
properties against bacterial growth in wastewater.  

Having in mind the above-described we have decided to use 

natural zeolite clinoptilolite for immobilization of ZnO and to study 
the potential of composites obtained for reduction of organic 

pollutants and inhibition of bacterial growth in wastewaters. In 
order to synthesize nanosized ZnO with well-developed surface area 

and uniform size distribution in pristine form and supported on 

zeolite, we applied the method of precipitation assisted by 
sonication. The present paper describes the preparation of ZnO 

nanoparticles and composite ZnO-zeolite and the characterization of 
as prepared materials by XRD, SEM and UV-Vis spectroscopy. The 

physicochemical parameters of these materials were examined and 
compared in respect to their morphology, composition and 

nanoparticles distribution.  

2. Materials and methods

Zinc acetate dihydrate (Zn(CH3COO)2·2H2O) was purchased by 

Merck KGaA, sodium hydroxide (NaOH) from Valerus, Bulgaria. 
All reagents were used without any further purification. A natural 

zeolite (clinoptilolite) from the region of East Rhodopes, Bulgaria, 
was washed and modified by turning it to its sodium form,  by 

placing the clinoptilolite in contact with 2 M NaCl as described in 

our previous paper [18]. The ultrasonic bath (SIEL UST7.8-200, 
with an ultrasound energy of 250 W) was used to generate the 

ultrasonic waves in the reaction mixture. The crystalline structure of 
the samples was determined by X-ray diffraction (XRD) Empyrean 

(PANalytical). UV–vis Diffuse Reflectance Spectroscopy (DRS) 
analysis was carried out on an Evolution 300 UV-Vis 

Spectrophotometer (Thermo Fisher Scientific), at room temperature 
in the wavelength range of 200–1100 nm). Scanning electron 

microscopy (SEM) was performed on JEOL 6390 и INCA Oxford 

element analyzer. 

2.1 Synthesis of pristine ZnO nanoparticles by sonication 

The experimental setup used is shown in Fig. 1. ZnO 

nanoparticles were synthesized by precipitation reaction between 
zinc acetate solution and sodium hydroxide solution under 

ultrasound irradiation. Overall amount of 12.5 cm3 NaOH solution 
(0.1M) and 6.5 cm3 Zn(CH3COO)2 solution (0.1M) were

simultaneously added dropwise to a 50 cm3 pure water and mixed 

under constant sonication for 30 min to form a precipitate. Prior to 
mixing of both solutions, the flask was immersed in the ultrasonic 

bath. . The resulting dispersion containing ZnONPs went further 
aging process for 1 h at 80oC under sonication, after that the 

precipitate was filtered and washed with distilled water several 
times. The product was dried for 12 h at 120 oC and the resulting 

ZnONPs were further analyzed. 

Fig. 1 Schematic representation of experimental setup for ultrasonic 

synthesis of ZnONPs and ZnO-zeolite nanocomposites. 

2.2 Synthesis of ZnO-zeolite nanocomposite by sonication 

ZnO-zeolite nanocomposite was prepared following the above 

described procedure and experimental setup shown inFig.1. Sodium 

form of clinoptilolite with a mass 0,5 g was dispersed in 60 cm3

distilled water and sonicated for 15 min for surface groups 

activation. After that following the previously described procedure, 
62.0 cm3 NaOH solution (0.1M) and 31.0 cm3 Zn(CH3COO)2

solution (0.1M) were added dropwise to the zeolite dispersion under 
constant ultrasonic irradiation for 30 min. The resulting reaction 

mixture was left to age for 1 h at 80 oC under sonication, after that 

the precipitate was filtered and washed with distilled water several 
times. The nanocomposite product was dried for 12 h at 120 oC and 

the resulting ZnO-zeolite was further analyzed. 

3. Results and discussion

3.1 Materials characterization 

We have successfully prepared ZnONPs and ZnO-zeolite 

nanocomposite by controlled precipitation reaction between 

Zn(CH3COO)2 and NaOH solutions under ultrasonic irradiation of 
the reaction mixture. The XRD crystalline analysis (Fig. 2) of the 

composite material confirmed the formation of ZnO nanoparticles 
with hexagonal wurtzite structure. The XRD patterns revealed that 

clinoptilolite was the major crystalline phase (82 wt.% 
clinoptilolite) and some cristobalite (2 wt.%) also existed as a 

naturally occurring inclusion. The ZnO phase was detected by its 

low intensity peaks showing that ZnONPs are part of the composite 
material. The percent of ZnO determined was 16 wt.%. The XRD 

data indicated that clinoptilolite is monoclinic phase, cristobalite is 
tetragonal and ZnO nanoparticles have hexagonal wurtzite structure. 

Fig. 2. X-ray diffraction patterns of ZnO-zeolite nanocomposite. The peaks 

of ZnO phase are denoted with a black triangle. Detailed XRD analysis 
revealed the following composition: 82% clinoptilolite , 16% ZnO -  and 2% 
cristobalite -. 

The surface morphology of ZnONPs and ZnO-zeolite 
nanocomposite was studied by SEM. Selected images of both 

materials are shown in Figure 3. SEM analysis revealed that the 
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ZnO has a flake like morphology (Fig. 3a). The nanocomposite 
ZnO-zeolite demonstrated that ZnO is evenly distributed onto the 

zeolite surface and the average size of the particles is about 100 nm 
(Fig. 3b). 

(A) 

(B) 

Fig. 3. SEM images of sample of ZnONPs (A) and ZnO-zeolite 

nanocomposite (B).   

The SEM images strongly suggest that the presence of zeolite 

affects the formation and morphology of ZnO nanoparticles loaded 
on zeolite. In the case of ZnONPs, a flake-like nanomaterial (Fig. 

3a) was obtained and in the case of ZnO-zeolite, when the zeolite 
was present in the reaction mixture spherical shaped nanoparticles 

were formed.  

The results from EDX elemental analysis were summarized in 

Table 1. The estimated element composition in ZnO-zeolite 
nanocomposite revealed a ratio Al:Si equal to 1:5 that is typical for 

the studied natural clinoptilolite. The high percent of Zn (30.73) 
suggest that not only ZnO present but also Zn2+ ions might be 

exchanged with the zeolite prior precipitation and remained in the 
zeolite. . 

Table 1: Element composition (in wt. %) of ZnO-zeolite nanocomposite as 

determined by EDX probe. 

Elements O Al Si K Zn 

ZnO-zeolite 39,71 4,66 23,63 1,26 30,73 

Another evidence for Zn2+ ion exchange is the fact that no Na+ 
ions were detected by EDX. It is because the Na+ ions had been 

replaced by Zn2+ ions. It is also possible the Zn2+ ions adsorbed on 
the zeolite to react with OH- ions from solution to form Zn(OH)2

which further converts to ZnO nanoparticles that indicates the 

active role of zeolite support in the formation of ZnONPs on the 
zeolite surface.  

UV–vis Diffuse Reflectance Spectroscopy analysis was carried 

out to characterize the optical properties of ZnO-zeolite composite. 
The spectrum is shown in Fig. 4. The weak band at 257 nm is due to 

zeolite framework and it originated from the charge transfer from 

O2- to Al3+ ions at specific locations such as surface defects, corners, 
etc [19]. The intensive band at 360 nm is assigned to ZnO 

nanoparticles and confirms the nanosized ZnO on the clinoptilolite 
[20].   
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Fig. 4. UV–vis Diffuse Reflectance Spectrum of ZnO-zeolite nanocomposite.  

4. Conclusions

We have successfully prepared ZnO nanoparticles and ZnO-

zeolite nanocomposite via precipitation reaction of Zn(CH3COO)2 

and NaOH solution under ultrasonic irradiation. The XRD analysis 
confirmed that ZnO nanoparticles in the nanocomposite have 

hexagonal wurtzite structure.  
The SEM images revealed different morphology of the prepared 

ZnONPs and ZnO-zeolite. The ZnONPs have flake-like shape while 
ZnO nanoparticles in the nanocomposite are spherical with average 

size of 100 nm. This observation suggests that zeolite plays an 

active role in the process of formation and nucleation of ZnONPs. 
The EDX element analysis showed an absence of Na+ ions 

suggesting that they had been replaced by Zn2+ ions. It suggested 
electrostatic interaction or partial coordination bonding between the 

active sites in zeolite and ZnO nanoparticles in the composite.  
In conclusion, the obtained ZnO-zeolite nanocomposite may be 

considered as a promising candidate material for water treatment. 
Such materials will be further tested for their photocatalytical and 

antibacterial activity.     
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