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ABSTRACT. This paper presents a comprehensive literature overview on synthesis, morphology and properties of ZnO nanoparticles, metal-doped ZnO
nanomaterials and ZnO-supported zeolite nanocomposites and their application for organic pollutants removal from wastewater. ZnO is among semiconductor
photocatalysts widely explored and used for treatment of harmful contaminants in wastewater, due to its low toxicity, reasonable price, facile synthesis and tunable
morphologies. However, some drawbacks arise from its wide band gap and fast recombination rate of photogenerated electron/hole pairs, which might be overcome
by synthesis of ZnO doped with metals. Such materials demonstrate enhanced photocatalytic activity in comparison with pure ZnO. The relatively poor adsorption
capability of ZnO and difficulties in recovering and recycling of nanoparticles provoke the development of nanocomposites of semiconductor nanoparticles supported
on zeolites and other substrates. Thus, the adsorption ability and selectivity of nanomaterials ZnO-zeolite for dyes and toxic metals elimination are also discussed.
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HAHOMATEPWANW HA OCHOBATA HA ZnO 3A OTCTPAHABAHE HA OPFTAHUYHU 3AMBPCUTENN OT OTNAABYHU
BOAOU

Focnodunka Muyesa, Henu Munyeea, Jllo6omup Jxepaxos

MurHo-eeonoxku yHugepcumem ,Ce. MeaH Puncku®, Kamedpa Xumusi, 1700 Coghus

PE3IOME. B a3 cTaTusi € NpeAcTaBeH nutepatypeH 0630p Bbpxy CuHTE3a, MOPGONOmUsiTa U CBONCTBATA HA HaHovacTUum ot ZnO, ZnO poTvpaH ¢ MeTanu u
HaHokoMnoauT ZnO-3e0nUTU, M TAXHOTO MPUMOXEHWE 3a OTCTpaHsiBaHe Ha OpraHUYHW 3aMbpcuTeni OT OTnagbyHu Bogu. ZnO e nonynpoBOAHMK W
choToKaTann3aTop, KOWTO e LUMPOKO W3CneaBaH W U3NON3BaH 3a TpeTMpaHe Ha OnacHy BeLiecTBa B OTNaAb4yHU BOAM, NOPaAu HEroBaTa HUCKA TOKCWYHOCT U LieHa,
NeceH CYHTE3 1 NpoMsiHa Ha MopdonorusTa Ha matepuana. Obaye, OT HeroBaTa LMpoka 3abpaHeHa 30Ha 1 6bp3aTa pekoMbUHaLMs Ha doToreHepupaHaTa 4Boika
€NeKTPOH/[ynKka Bb3HMKBAT ONPefeneHn HeoCTaTbLV NpK U3NON3BaHETO My, KOUTO MoraT Aa ce NpeodonesT ype3 cuHTe3 Ha ZnO, AOTMPaH C pa3nuyHN MeTany.
TakuBa MaTepuany noka3eat no-BuUcOKa (hOTOKaTanMTUYHA aKTUBHOCT B cpaBHeHue ¢ unctus ZnO. OTHocuTenHo crabata apcopbumonHa cnocobHocT Ha ZnO u
TPYBHOCTUTE MPWU OTAENSHETO WM PELMKNMPAHETO Ha HaHO4acTULMTe nopaxaaT MHTEpec KbM pa3paboTBaHETO Ha HaAHOKOMMO3WTM OT MOMynpOBOAHWUKOBU
HaHoYacTMLW, HaHeCeHW BbpXYy 3e0NUTM W Jpyrv noanoxku. ETo 3auwo, apcopbuusita W CEnexkTMBHOTO 3afbpxaHe Ha Garpuna v TOKCMYHW MeTamu oT
HaHoKoMnoanTi ZnO-3e0MKT Ca ChLUO AMCKYTUPaHM B cTaTusTa.

KnioyoBu aymu: Zn0O, HaHOKOMMO3MTH, 3e0NNTH, hOTOKATANNUTYHA aKTUBHOCT, a,ﬂCOpﬁLI,MOHHa cnocoBHocT.

Introduction Africa and Arabian Peninsula. The applications of cost effective
methods at large scale for water treatment are most desired
The implementation of nano-sized materials in the past and widely investigated. In this aspect, as a promising
years has gained a tremendous popularity in many aspects of ~ candidate appears the method of photocatalysis, which is
modern technology — electronics (Liu et al., 2015), medicine based on photo-induced generation of electron-hole pair in the
and life sciences (Mirzaei et al, 2017), environmental semiconductor nanoparticles and formation of strong oxidizing
protection (Hoffmann et al., 1995) and sustainability (Oskoei et~ Species that are able to oxidize and decompose organic
al., 2016). The list of different materials (metals, metal oxides, pollutants in the wastewater. The potential of photocatalysts
sulfides, carbides, etc.) in nanoscale that has been applied as depends on the type of semiconductor, particle’s size, surface
photovoltaics (Aissat et al, 2015), dyes for bioimaging and area and morphology of material, pH of the media as well as
target drug delivery as well as photocatalysts, is really longand ~ the characteristics (wavelength, intensity) of the light source
constantly increasing. The used nanomaterials vary in used for irradiation.
composition depending on the intended application — polymer, In order to be applied in practice the photocatalytic material
metal, oxides and halides. Special interest has been paid to should be efficient, cost effective and environmentally friendly.
semiconductor metal oxides nanoparticles and their use in the One of the preferred choice for photocatalyst is ZnO. It is
environmental protection and water treatment (Zhang et al, cheap and non-hazardous material which is very efficient in
2012; Lee et al., 2016). The ever increasing demand for fresh degradation of organic contaminants under UV radiation
drinking water is an issue worldwide. The most affected areas (Moezzi et al., 2012; Kolodziejczak-Radzimska et al., 2014).

are countries with limited supply of natural water resources like
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Here we present a review on different methods for
synthesis of ZnO nanoparticles, metal-doped ZnO
nanomaterials and ZnO-supported zeolite nanocomposites,
their morphology, properties and applications for organic
pollutants removal from wastewater.

Zn0 nanoparticles

Zn0 is n-type |-Vl semiconductor material with band gap
of 3.37 eV and high exciton binding energy (60meV).
Nanosized ZnO materials has gained popularity in the recent
years due to their versatile use in different areas like
biomedicine (Steffy et al., 2018; Zhu et al, 2020),
environmental protection (Daneshvar et al., 2007), cosmetics,
optics and electronic.

ZnO nanoparticles (ZnO NPs) are very promising
candidates for large scale application purposes because they
are inexpensive to manifacture, non-hazardous and easily
synthesized. One of their advantages is that they have been
categorized by the U.S. Food and Drug Administration (FDA)
as GRAS (generally recognized as safe) metal oxide
nanoparticles (21CFR182.8991).

ZnO NPs raise particular interest as a photocatalyst and
antibacterial agent since nanoparticles have suitable band gap
width for UV light excitation and a large surface area due to the
small size of the nanoparticles, which strongly depend on the
synthesis method (Ahmed et al., 2017; Kumar et al., 2019). It
is reported that ZnO NPs have been applied for disposal of
Gram-positive (Bacillus megaterium, Bacillus pumilus and
Bacillus cereus) and Gram-negative (Escherichia coli) bacteria
resistant to all other type of eradication techniques (Nagajyothi
etal., 2014).

Major impact on the efficiency of ZnO NPs as a
photocatalyst has their size, shape and surface morphology,
which makes the method for their synthesis very important.
The ability to tune and control NPs properties by controlling
their size and shapes is of great importance when method for
preparation is developed. (Basnet et al., 2020).

A different shapes of ZnO NPs have different morphologies
like nanoflake, nanoflower, nanobelt, nanorod and nanowire
(Ong et al., 2018). The methods for their preparation can be
summarized in two major divisions — chemical and biological.
The chemical methods usually involve a controlled precipitation
of zinc salt while biological methods are based on the use of
plant extracts (from different parts such as leaves, roots,
rhizomes, bark, fruits, flowers) and microbes (Basnet et al.,
2018).

The so-called wet chemical methods include hydrothermal,
sol-gel, precipitation, microemulsion, solvothermal,
electrochemical deposition process, which are among most
popular approaches. The precipitation methods developed for
preparation of ZnO NPs in solution use zinc salts like
Zn(NOs)2, ZnClz, Zn(CH3COO)2, Zn(C204) and precipitation
agents like NHsOH, NaOH and KOH for formation of
Zn0/Zn(OH), followed by further annealing at high
temperature in order to improve the crystallinity of the ZnO
NPs. At such conditions a wurtzite hexagonal structure is often
formed. A capping agent can be added to improve the control
over the size and shape of the obtained ZnO NPs.

The precipitation method is very attractive because it is
cost effective, uses non-toxic solvent (as water), allows good
control over the obtained NPs during the precipitation. The
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addition of surfactants with various structures, for example
sodium dodecyl sulphate (SDS) (Juabrum et al., 2019) and
cetyl trimethyl ammonium bromide (CTAB) (Sun et al., 2003),
amino acids (Wu et al., 2008), polymers (polyethylene glycol
(PEG) and polyvinyl pyrrolidone (PVP) (Tachikawa et al.,
2011; Vidyasagar et al., 2016) and polysaccharides (starch)
(Vidhya et al., 2015), would not only restrict the NP size but
also would prevent aggregation of the obtained NPs and would
stabilize them in the dispersion (Vijayakumar et al., 2020).
That's why the synthesis of NPs is often carried out in the
presence of surfactants in the reaction media.

ZnO nanoparticles have a lot of applications that were
listed above but two of them attract our interest — their
photocatalytic and antibacterial activity. ZnO is very effective
photocatalyst used in treatment of water and degradation of
model organic compounds (dyes) like methylene blue, reactive
black, congo red as well as some pharmaceutical and
agricultural pollutants like furosemide, glyphosate-based
herbicide, tartrazine, diclofenac and others.

Paez et al. (2019) have reported removal of a glyphosate-
based herbicide from water using ZnO nanoparticles. They
have applied a method of controlled precipitation where
acidified water solution of zinc acetate Zn(CHsCOO)2 as Zn
precursor and ammonium hydroxide (NH4OH) as precipitant
were mixed at room temperature and constant stirring. This
method resulted in ZnO NPs with uniform particle size (<100
nm), spheroidal morphology and formed soft agglomerates
with well-defined wurtzite structure. The material was
successfully tested for removal of the herbicide glyphosate
(Monsanto herbicide Roundup 747 SG) without UV irradiation.
The decrease in herbicide concentration was monitored by
using UV-Vis absorption spectroscopy. Removal from 70% to
90% was calculated depending on the ratio glyphosate to ZnO
NPs in herbicide solution, indicating the nanomaterial as very
effective sorbent. The equation for removal of glyphosate by
ZnO NPs followed kinetics of a pseudo second order reaction
(chemisorption process).

Zn0-doped nanoparticles

A drawback of ZnO as a photocatalyst is its wide band gap
(3.2 eV) which requires UV light for generation of electron-hole
pair and activation of photocatalytic process, as well as the fast
recombination rate of photogenerated electron/hole pairs,
which hinder the catalytic efficiency. The lowering of its band
gap would allow a sunlight photo-induction and would provide
very cheap and convenient way to use ZnO in sun-driven
devices and settings.

The band gap of semiconductors can be altered by
introduction of a new energy states. The incorporation of metal
ions in ZnO structure causes the formation of additional energy
level, either within or beyond the band gap of ZnO, which
decreases the recombination of electron/hole pairs since the
metal ions act as an electron trap, thus reducing the band gap
energy. This results in more effective separation of
electron/hole pairs and enhancement of photocatalytic activity
under visible light (Nouri et al., 2014; Sitthichai et al., 2017).

There are different types of dopant that has been used for
Zn0O NPs, like alkali metals, alkaline earth metals, transition
metals and post-transition metals (Adam et al., 2020;
Chandekar et al., 2020). The effect of each type of dopant is
different, but they generally improve the optical and electronic
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properties of the ZnO NPs. The most studied dopants are Mg,
Fe, Co, Ni, La and some others. Precipitation method is very
suitable for preparation of doped ZnO nanostructures since it
allows to use conditions and synthesis schemes applied and
already known for pure ZnO NPs.

Metal oxides are also used as dopants, for example V20s-
ZnO nanostructures. Authors have reported a facile sol-gel
method for successful preparation of ZnO and V20s-ZnO
nanostructures that had flake-type structure of V20s-ZnO
obtained from ZnO nanorods (Shukla et al., 2018). It was found
decrease in the band gap from 3.28 eV for ZnO to 2.64 eV for
V205-ZnO detected by UV-Visible spectroscopy. The authors
applied the V205-ZnO nanomaterial for methylene blue (MB)
dye photodegradation which showed improved photocatalytic
efficiency of the composite under visible light irradiation.

Other interesting and promising results were reported for
the preparation of Ag/ZnO photocatalysts by the deposition of
Ag on the surface of the ZnO by a simple immersion reduction
method (Wang et al., 2021). The Ag load in the material was
controlled by the concentration of Ag ions, immersion time and
the amount of the reducing agent. A decrease in the band gap
of the Ag/ZnO compare to the ZnO was observed due to the
surface plasma resonance effect caused by Ag modification.
The Ag/ZnO NPs were tested in the decolorization of
Rhodamine B where they showed improved photocatalytic
efficiency under UV irradiation.

Zn0-zeolite nanocomposites

For development of methods for water treatment and
environmental protection non-expensive, non-toxic, abundant
and easy-recyclable materials are needed.

Zn0O is excellent material for utilization in photocatalytic
process but the inconvenience in practice is caused by the fact
that it forms very fine suspension which makes it hard to
retrieve from the treated water media. Some techniques like
thin films or membrane impregnation have been use in order to
secure the easier handling of the photocatalyst.

Other approach is preparation of composite materials
where ZnO is combined with a suitable substrate. In this
aspect a very good candidate is the natural zeolite. It is
abundant in the nature and non-expensive. The zeolite itself
has been used for water treatment for heavy metal ions
removal and it is expected that it would demonstrate a
synergetic effect with ZnO NPs.

In the literature, there are a few general approaches for
preparation of such composites — by impregnation, by
precipitation and by ion-exchange.

Karimi-Shamsabadi et al. (2017) report the preparation of
photo-catalyst NiO-ZnO doped onto nano zeolite X (NZX) and
its use in the photocatalytic degradation of Eriochrome Black T
(EBT) and Methyl Orange (MO) under UV-light irradiation. The
method used for preparation of nano-zeolite crystals was
hydrothermal crystallization. The composite was prepared by
Ni(ll) and Zn(ll) ions exchange on zeolite in an aqueous
solution and following by calcination at 450 °C. Thus, the
formed catalyst NiO-ZnO-NZX showed significantly enhanced
photo-degradation activity when tested towards EBT and MO.
This activity was attributed to the synergistic effect of mixed p—
type NiO and n-type ZnO oxides. It was reported that about
80% of photodegradation of EBT and MO dyes was achieved
in 90 min under UV light irradiation, confirmed by
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spectrophotometry and chemical oxygen demand (COD). The
factors that affected the degree and rate of degradation
efficiency were pH of solutions, Ni2+ and Zn2* loading onto
NZX, dosage of photocatalyst, and initial EBT and MO
concentrations. Mohammadi et al. (2020) report a composite
based on novel ZnO-magnetic/ZSM-5 material with high
adsorption capacity and magnetic separation capability which
was tested on the adsorption of disperse blue 56 dyes. It was
found that the optimal conditions for dye removal process were
as follows adsorbent dosage 0.015 g, pH 3, stirring time 15 min
and initial dye concentration 10-5 M for maximum removal
percentage (>91.0 %). The benefit of the composite ZnO-
magnetic/ZSM-5 was its magnetization saturation value equal
to 3.2 emu/g. This is a good indication that magnetically
separation technologies can be used in its utilization, marking it
as an efficient recoverable adsorbent. The authors reported
that ZnO-magnetic/ZSM-5 in their experiments can be used up
to 3 times without noticeable diminishing of adsorbent activity
(yvield of removal) and no obvious decrease of magnetic
intensity. Kinetic and isotherm models of disperse blue 56 can
indicate pseudo first-order model and the Freundlich isotherm
based on high R2 (0.980) and R? (0.989), respectively. The
maximum adsorption capacity of disperse blue 56 obtained
based on the Langmuir model was 6.23 mg.g-'. Other authors
have engaged Faujasite X zeolite in their studies as a support
for ZnO nanoparticles, incorporating them into its 3D channels
and supercages. This type of zeolite was chosen because its
structure naturally limits the growth of ZnO NPs and ensure
control over their size. The method for preparation was via
impregnation of the zeolite in aqueous solution of Zn(NOs).
with different concentrations and subsequently calcination
under Oz flow. BET analysis showed a difference in N
adsorption—desorption which is an indication that ZnQO is inside
the zeolite structure. A blue-shift of the emission band in PL
spectrum was detected which was attributed to the quantum
size effect of ZnO NPs inside the Faujasite X matrix.

Cheng et al. (2012) also have chosen the method for
impregnation and in situ formation of composite material. They
have selected a simple route for incorporation of ZnO in
mesoporous ZSM-5 zeolite. A commercial H-ZSM-5 (Si/Al =
50) initially treated with NaOH solution has been used in the
experiment. This was meant to evoke a partial desilication
which would lead to a large number of intracrystal mesopores.
After this pre-treatment the ZnO nanoparticles were
successfully incorporated in the mesopores using wet
impregnation method. By different modem methods for
characterizations (XRD, UV-visible absorption spectra, TEM
and N2 adsorption) authors were able to establish the location
of ZnO nanoparticles. It was found that only mesopores can be
loaded (about 15%) with ZnO NPs with average size of 20 nm,
while micropores remained unchanged and cannot be loaded.

By using similar technique Lim and Ryu (2009) have
reported the preparation of ZnO/TMA-A zeclite nanostructured
composite. Applying anion exchange method then a
hydrothermal method a nanoparticles ZnO were obtained into
TMA-A zeolite. Its structure and morphology was confirmed by
XRD, SEM and HR-TEM, respectively. Since it was of essence
to obtain ZnO NPs with controlled size and properties, a study
on the optimal heat-treatment condition for oxidation of zinc
was conducted. It indicated that temperature range from 500 to
550 °C was appropriate for crystal ZnO/TMA-A zeolites
formation. The ZnO NPs with size 5-10nm were well
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distributed among 100-150nm nanoparticles of TMA-A zeolite.
The microstructure and crystalline analyses revealed that ZnO
NPs were evenly incorporated into TMA-A zeolite
nanostructure. The XRD analyses have shown the sodalite
cage size of 12.389 A for ZnO/TMA-A zeolite sample treated at
500 °C.

Li M. et al. (2013) have reported the preparation and
enhanced antimicrobial properties of nano-ZnO-supported
zeolite filled polypropylene random copolymer (PPR)
composites. Nano-ZnO-supported zeolite particles were
prepared by chemical precipitation of ZnO on zeolite
suspended in zinc chloride solution and following addition of
1mol/L NaOH under constant stirring. After separation and
washing of the product it was dried in vacuum oven for 1 h, in
muffle furnace at 200°C for 4h and 500°C for 2 h, respectively.
After detailed analyses (fluorescence and UV-Vis spectra,
inductive coupled plasma and scanning electron microscopy) it
was demonstrated that ZnO with flower-like morphology was
formed on the surface of zeolite particles. The composite PPR
filled with nano-ZnO-supported zeolite was prepared by mixing
them at 170 °C and stirring with 50 rpm for 7min. These
inorganic-organic composites were tested for antimicrobial
activity. It was demonstrated that nano-ZnO-supported zeolite
filled PPR composites show higher antimicrobial activity to the
S. aureus and E. coli than the PPR composite filled with
corresponding amount of only nano-ZnO. A great advantage
for the application of this nano-ZnO-supported zeolite
composite is that the nanostructured content does not
significantly influence the mechanical properties of PPR
composites. This is a good indication that PPR composites
with high antimicrobial activity and mechanical stability can be
obtained by using nano-ZnO-supported zeolite as functional
filler for PPR.

Alcantara-Cobos et al. (2020) reported the preparation and
subsequent testing of ZnO nanoparticles (nanZnO) and a
zeolite-ZnO nanoparticles composite (Ze-nanZnO) for the
removal of Tartrazine. The method they used was chemical
precipitation for both nanoparticles and nanocomposite which
is facile, cheap and easily to scale-up. The procedure they
employed consists of contacting clinoptilolite type zeolite with a
zinc acetate solution, then adding drop wise NaOH solution (1
mL/min) and stirring the mixture for 2 h and reflux. The ZnO
nanoparticles-zeolite composite (Ze-nanZnQO) was washed with
deionized water and ethanol, dried at 80 °C and calcined at
300 °C. The same procedure was used for ZnO nanoparticles
(nanZnO) preparation. These materials were tested for the
removal of tartrazine from aqueous solutions by an adsorption
combined with photocatalysis process. The experiments have
shown that the adsorption of Tartrazine onto nanZnO follows a
fast decrease of the concentration while the adsorption onto
the composite Ze-nanZnO was slower. The following process
of degradation of tartrazine applying both materials under
ultraviolet light irradiation seems to be a highly efficient
process for both of them, 87 and 81% degradation were
observed for nanZnO and Ze-nanZnO respectively. Strictly
speaking the first material shows better efficiency than the
second, but first material is difficult to remove from the
aqueous solution after the process. The results from the
mineralization process were obtained by measuring the total
organic carbon (TOC) at different contact and irradiation times.
The estimated degradation of the tartrazine was between 85
and 90%, noting that higher degradation was observed using
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Ze-nanZnO as catalyst compared to nanZnO. It was estimated
that nanZnO affects “Lactuca sativa” species, but judging by
the results the material produces “low toxicity” to this species.
Du G. et al. (2017) demonstrated the preparation of
efficient photocatalyst by immobilization of zeolitic imidazolate
framework-8 (ZIF-8) derived ZnO on Zeolite A. This type of
organometallic  compounds known as metal-organic
frameworks (MOFs) are hybrid structures consisting of
inorganic connectors and organic linker molecules (Jiang Z. et
al., 2013). In the case of zeolitic imidazolate framework-8 (ZIF-
8), inorganic connectors are Zn(ll) ions and organic linker
molecules are 2-methylimidazole ligands. By applying the
sonochemical synthesis the authors used pre-prepared zeolitic
imidazolate framework-8 (ZIF-8) as precursors and zeolite A as
support to successfully obtain ZIF-8@Zeolite A (ZIF-8@Z). The
following calcination at different temperatures lead to formation
of ZnO@Z photocatalysts at different temperatures by
removing the organic functional groups of ZIF-8. The prepared
photocatalyst, ZnO@Z was studied for application in the
degradation of rhodamine B (RhB) aqueous solution under UV
light irradiation and ZnO@Z showed higher photocatalytic
activity than simply ZnO derived from ZIF-8. This observation
can be attributed to the synergistic effect between ZnO and
Zeolite because since zeolites are sorbents and can adsorb
RhB dye. This prolongs the contact time with catalysts and
increase its efficiency. The most active nanocomposite
ZnO@Z was obtained by calcination at 550 °C for 5 h and
demonstrated the highest photocatalytic efficiency (99.4 %).
Heidaria Z. et al. (2020) reported the synthesis of novel
Zn0O nanorods over ion exchanged clinoptilolite (ZnO/ICLT) by
sonoprecipitation. This material was investigated and found
efficient as a catalyst for the photocatalytic degradation of the
drug furosemide (FRS). The composite’s enhanced
photocatalytic activity was attributed to its higher surface area
(due to decreasing the particle size) in comparison to ZnO NPs
prepared by conventional precipitation method. By the means
of various analyses (TEM, EDX, BET, UV-visible spectroscopy
techniques, XRD, etc.) was shown that the average particle
size of ZnO in ZnO/ICLT prepared by sonoprecipitation was
20.5 nm, while without sonication the size increases up to 34.8
nm. Additionally, the sonication during the precipitation process
prevents the agglomeration of nanoparticles. The effects of
different parameters such as amount of ZnO on the zeolite,
catalyst dosage, initiall FRS concentration, pH of reaction
media on the photocatalytic degradation were studied. It was
found that the maximum degradation rate of FRS was
achieved by using 15 wt% ZnO on ICLT, catalyst loading of
0.75 mg.L-" at pH 7. It was shown that ICLT has a synergetic
effect on ZnO photocatalytic ability as calculated from
Langmuir-Hinshelwood equation for photocatalytic degradation
over 15%Zn0O/ICLT, which has twice higher value than the one
for ZnO photocatalysis. The good photocatalytic activity of
15%ZnO/ICLT makes it an excellent candidate for
nanophotocatalyst in wastewater treatment applications.
Nezamzadeh-Ejhieh A. et al. (2014) reported also the use
of natural zeolite clinoptilolite as a support for ZnO and its
photocatalytic degradation of 4-nitrophenol. Nano-sized
powder clinoptilolite was prepared via planetary ball mill
mechanical method. The ZnO NPs were synthesized by ion
exchange of nano-clinoptilolite in a 0.1 M zinc nitrate aqueous
solution for 24 h followed by calcination at 450 °C for 12 h, thus
forming the nanocomposite material ZnO/natural clinoptilolite
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(ZnO/NCP). The photocatalytic tests of ZnO/NCP in the
degradation of 4-nitrophenol under UV light irradiation prove
the efficiency of the catalyst. The results from the experiments
showed that the photodegradation rate of 4-nitrophenol was
affected by a few parameters such as the initial 4-nitrophenol
concentration, the pH of solution and the amount of catalyst.
The process of photocatalysis was accelerated by addition to
the system of an electron acceptor, namely hydrogen peroxide
and potassium bromate, the latter was the more effective one.
The comparison of photodegradation efficiency of the
composite ZnO/NCP and pure phases of ZnO or zeolite,
showed the enhanced activity of the composite and the
advantage of a combination between zeolite and ZnO.

Conclusions

Zn0 is a very promising material with enormous potential
in terms of large scale processes for water treatment and
practical usage. Its high efficiency in photocatalytic degradation
of dyes, pharmaceutical products and herbicide combined with
its low cost and simple synthesis marks it as an excellent
candidate for integration in advanced and environmentally
friendly technologies and settings for water treatment and
remediation. Keeping in mind that ZnO has also good
antibacterial properties which is advantageous combination
when speaking of clean water. One of its disadvantages is that
Zn0 requires UV light irradiation (its band gap is 3.2-3.3 eV) to
operate as effective photocatalysts, which can be easily
overcome by doping ZnO with metals. Such incorporation of
metal ions into the ZnO lattice leads to formation of additional
energy levels that narrow the band gap and makes possible
the activation of photocatalyst by sun light. This is a major leap
since it will significantly lower the cost for processes when
doped ZnO is applied. However, technically speaking the small
size of ZnO and ZnO-doped NPs causes difficulties in catalyst
removal from the treated water, so it is more convenient if ZnO
NPS are attached on suitable support. Good candidate is a
zeolite (synthetic and natural) because it is non-toxic material
with good sorption properties and high surface area due to its
micro porosity. It has been shown that ZnO supported zeolite
nanocomposites have a high photocatalytic efficiency in
degradation of different organic compounds demonstrating
synergetic effect between ZnO and zeolite.
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