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BLUE DEGRADATION UNDER UV LIGHT

Abstract

In this study, a porous, hierarchical flower-like zinc oxide (ZnO) structure was successfully synthesized via
a hydrothermal method using urea and CTAB as shape-directing agents to optimize photocatalytic efficiency
for environmental remediation. Structural characterization via scanning electron microscopy (SEM) and X-ray
diffraction (XRD) confirmed the formation of a highly crystalline, pure hexagonal wurtzite phase assembled from
ultrathin nanosheet building blocks. The photocatalytic performance of the synthesized ZnO was evaluated through
the degradation of methylene blue (MB) dye under UV light illumination (365 nm). The catalyst achieved a (98.7
+ 0.5)% degradation efficiency within 40 minutes, following a pseudo-first-order kinetic model with a reaction
rate constant of 0.109 min™'. Optimization studies identified a catalyst dosage of 0.2 g/L as near-optimal, while
coexistence tests demonstrated that the system maintains high stability and excellent removal efficiency in the
presence of various competing environmental anions (Cl, NO,, HCO,, CO,*). Radical scavenger investigations
revealed a clear inhibition hierarchy, establishing that the degradation mechanism is predominantly driven by
hydroxyl radical-mediated oxidation alongside secondary contributions from photogenerated holes. These findings
highlight the prepared porous ZnO architecture as an efficient, stable, and sustainable candidate for the degradation
of persistent organic pollutants in municipal wastewater.

Keywords: zinc oxide, hydrothermal synthesis, methylene blue, photocatalytic degradation, hierarchical
nanostructures.
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Introduction

The rapid progress of industrialization and global economic development has significantly
improved living standards but has also led to the uncontrolled release of organic contaminants
into the environment [1]. Among these pollutants, synthetic dyes like methylene blue (MB), which
are extensively used in industries such as textiles, printing, paper, and cosmetics, represent an
environmental risk [2] the effectiveness of ZnO-Mn-Ce/biochar as catalyst and activated by H202
for the removal of Methylene Blue (MB. MB is a stable aromatic compound that is highly toxic,
potentially carcinogenic, and resistant to natural biodegradation [3] pore size, and oxygen defects. Its
presence in water bodies blocks sunlight penetration, which harms aquatic ecosystems by impeding
photosynthesis and ultimately leading to oxygen depletion [4].

While conventional wastewater treatment technologies, including membrane filtration, chemical
reduction, and adsorption, have been successfully employed, they often suffer from limitations
such as high energy consumption, high operational costs, and the generation of secondary sludge
that requires further disposal [3] pore size, and oxygen defects. In this context, photocatalysis has
emerged as a promising, green, and sustainable alternative for the complete mineralization of organic
pollutants into harmless substances such as carbon dioxide and water under mild reaction conditions,
using solar or ultraviolet energy [2] the effectiveness of ZnO-Mn-Ce/biochar as catalyst and activated
by H202 for the removal of Methylene Blue (MB.

ZnO is widely recognized as a highly efficient n-type semiconductor photocatalyst due to its
wide direct bandgap of approximately 3.37 eV, high exciton binding energy of 60 meV, high electron
mobility, and excellent chemical stability [5, 6]. Compared to other metal oxides like TiO,, ZnO
is often more cost-effective and exhibits better light absorption across a broader range of the solar
spectrum, making it a viable alternative for degrading persistent organic compounds [3, 6] pore size,
and oxygen defects. However, the practical application of ZnO is frequently hindered by two major
challenges: the fast recombination rate of photogenerated electron-hole pairs and a wide bandgap
that limits its efficiency under visible light irradiation [4, 7].

To address these limitations, recent research has shifted toward the development of innovative
nanostructures and hierarchical architectures [6]. Controlling the morphology of ZnO at the
nanoscale is essential because the photocatalytic process is a surface-mediated reaction consisting of
the adsorption of reactants, reactive radical generation, and the subsequent oxidation of pollutants [3]
pore size, and oxygen defects. In particular, the synthesis of porous ZnO nanostructures has attracted
significant attention [ 7]. Porous materials provide a significantly larger specific surface area compared
to bulk ZnO, creating a high density of active sites for the generation of reactive oxygen species
(ROS), such as hydroxyl radicals (*OH) and superoxide radical anions (*O*") [8, 9].

Studies have shown that the pore size and distribution are critical determinants of photocatalytic
performance [3] pore size, and oxygen defects. Mesoporous ZnO (pore sizes between 2 and 50 nm)
is particularly effective as it facilitates the rapid mass transport and diffusion of reactant molecules
and dissolved oxygen into the internal active sites of the catalyst [3, 7] pore size, and oxygen defects.
Furthermore, 3D hierarchical architectures assembled from porous nanosheets can enhance light
harvesting through repeated internal scattering and reflection within the cavities, while simultaneously
preventing the aggregation of particles during the reaction [8, 10].

Various synthetic strategies have been established to produce these nanostructures, including
hydrothermal, sol-gel, and precipitation methods [6, 11] as a widely used material in optics,
electronics, and medicine, requires a complete overview of different conditions for facile and easily
reproducible syntheses. Two types of optimization of ZnO hydrothermal preparation from zinc
acetate and sodium hydroxide solution are presented, which allowed for obtaining miscellaneous
morphologies of materials. The first was a temperature-controlled synthesis from 100 to 200 °C,
using citric acid as a capping agent. The formation of hexagonal rods at the lowest temperature
was evidenced, which agglomerated to flower-like structures at 110 and 120 °C. It was followed
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by transformation to flake-like roses at 160 °C, up to disordered structures composed of nanosized
plates (>180 °C. Among these, hydrothermal synthesis has gained popularity as a fast, simple, and
cost-effective approach that provides homogeneous volumetric heating, significantly accelerating the
reaction rates compared to conventional heating [4, 7]. This study explores the synthesis of porous
ZnO particles designed specifically for the efficient photocatalytic degradation of MB. By optimizing
the surface properties and porous structure of the catalyst, this research aims to provide new technical
and theoretical insights into the design of advanced materials for dye wastewater remediation.

Materials and methods

For the synthesis, 400 mg of zinc nitrate hexahydrate (Zn(NO,),-6H,0), 100 mg of urea, and
100 mg of hexadecyltrimethylammonium bromide (CTAB) were dissolved in 20 mL of deionized
water under continuous stirring. The resulting homogeneous solution was transferred into a 40 mL
Teflon-lined stainless-steel autoclave and subjected to hydrothermal treatment at 200 °C for 6 hin a
convection oven. After naturally cooling to room temperature, the obtained precipitate was separated
by centrifugation, thoroughly washed several times with deionized water and ethanol to remove
residual organic species, and dried overnight at 60 °C. The dried material was subsequently annealed
in air at 300 °C for 1 h with a heating rate of 5 °C min™! to obtain the final ZnO product.

The crystalline structure and phase composition of the synthesized ZnO-400 were examined
using a SmartLab X-ray diffractometer (Rigaku Corp., Japan). The morphology and hierarchical
architecture of the samples were investigated by scanning electron microscopy (SEM, Crossbeam
540, Carl Zeiss, Germany).

The photocatalytic activity of ZnO-400 was assessed using MB as a model organic dye. For
each experiment, 2 mg of the catalyst was dispersed in 10 mL of MB solution (3 x 10° M) and
stirred in the dark for 60 min to establish adsorption-desorption equilibrium. After the adsorption
step, the suspension was exposed to UV light irradiation at 365 nm using an 18 W lamp, and aliquots
were collected at predetermined intervals of 10, 20, and 40 min. The degradation efficiency was
determined by measuring the change in the maximum absorption peak of MB at 664 nm using a UV-
Vis spectrophotometer (Thermo Fisher Scientific Inc., USA).

Results and discussion

Before detailed characterization, preliminary screening experiments were carried out to
select the optimal precursor mass and to evaluate the necessity of post-synthesis annealing. Using
(Zn(NO,),-6H,0) precursor masses of 100, 200, and 400 mg, MB degradation after 20 min of UV
irradiation reached 48.9%, 27.8%, and 58.8%, respectively, identifying 400 mg as the most effective
precursor mass (denoted ZnO-400). In addition, the non-annealed sample achieved only 5.1%
degradation after 20 min, compared to 58.8% for the annealed ZnO-400 sample, confirming that
post-synthesis annealing at 300 °C is essential for achieving high photocatalytic activity, likely due to
the removal of residual organic species (urea, CTAB) that would otherwise block active sites on the
catalyst surface. Based on these results, ZnO-400 was selected for detailed structural characterization
and photocatalytic evaluation. The surface morphology and hierarchical structure were observed
using SEM at various magnifications (Figure 1).

The SEM images of the ZnO particles reveal a distinctive hierarchical flower-like architecture
composed of interconnected thin nanosheets. At lower magnifications, these structures appear as
complex three-dimensional assemblies resembling flowers, where numerous “petals” radiate from
a central core to form a textured framework [12]. Upon closer inspection at higher magnification,
these petals are identified as ultrathin nanosheets or plates with highly irregular edges, contributing
to a significantly complex and potentially porous surface morphology. High-resolution imaging
specifically quantifies the thickness of these individual building blocks, with measurements showing
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values of approximately 29.11 nm and 39.51 nm, confirming their nanostructural nature. This unique
morphology suggests that the hydrothermal conditions, combined with the presence of urea and the
surfactant CTAB as shape-directing agents, successfully facilitated the growth of a high-surface-area
framework assembled from these nanoscale sheets [13]. Then, the crystalline structure and phase
orientation of the synthesized ZnO-400 particles were characterized by XRD (Figure 2).

Figure 1 — SEM images of 400a-ZnO structures at different magnifications:
(a) and (b) 5,000; (c) 10,000; and (d) 50,000
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Figure 2 — XRD patterns of ZnO-400 particles
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The XRD pattern for the ZnO-400 sample provides a detailed insight into the structural properties
and phase purity of the synthesized material. The XRD pattern displays distinct diffraction peaks at
20 values of approximately 31.8°, 34.4°, 36.3°, 47.6°, 56.6°, and 62.9°, corresponding to the (100),
(002), (101), (102), (110), and (103) crystallographic planes, respectively. These reflections confirm
the formation of the hexagonal wurtzite phase of ZnO and agree well with the ICSD reference card
No. 01-076-8930 [14]. Notably, the (101) peak displays the highest relative intensity, a characteristic
typical of the standard polycrystalline ZnO pattern with random grain orientation [4]. The average
crystallite size of the synthesized particles was calculated using the Scherrer equation. It was found to
be 12.51 = 2.94 nm, confirming that the annealing at 300 °C was sufficient to achieve a well-ordered
lattice. Furthermore, the absence of any extraneous peaks and the very low background noise in the
pattern signify high phase purity, indicating that the washing steps and subsequent thermal treatment
effectively removed all precursors, such as zinc nitrate, and organic additives like urea and CTAB.

The photocatalytic performance of ZnO-400 was assessed by monitoring the time-dependent
degradation of MB under UV irradiation. The results were compared with the self-degradation
control performed under UV light, as shown in Figure 3. The experimental procedure included a
60-minute dark adsorption phase (60 min) to establish an adsorption-desorption equilibrium.
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Figure 3 — Photodegradation of MB as a function
of irradiation time using Zn0O-400 (0.2 g/L) (a) and kinetics (b)

Once light irradiation commenced, the ZnO-400 catalyst demonstrated a rapid and significant
increase in photocatalytic activity, reaching (33.6 + 5.8)% degradation within just 10 minutes and
jumping to (58.8 £ 0.1)% by 20 minutes. By the conclusion of the 40-minute test, the ZnO-400
sample achieved a (98.7 + 0.5)% degradation efficiency. In contrast, the control showed negligible
self-degradation, reaching only (5.6 + 0.3)% degradation after 40 minutes. This difference confirms
that the dye is highly stable under light exposure and that the observed degradation is almost entirely
facilitated by the ZnO catalyst. The excellent photocatalytic performance of ZnO-400 can be attributed
to its hierarchical flower-like architecture composed of ultrathin nanosheets, which provides a large
accessible surface area for dye adsorption and abundant active sites for the generation of reactive
oxygen species, thereby promoting the efficient mineralization of the organic pollutants.

The photocatalytic degradation kinetics of MB were analyzed using the Langmuir—Hinshelwood
model. The linear relationship between In(C /C) and irradiation time (Figure 3b) indicates that the
degradation process follows pseudo-first-order kinetics [15]. The reaction rate constant (k) for the
Zn0-400 sample was determined to be 0.109 min!, which was 109 times higher than the rate constant
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of the self-degradation of MB (k = 0.001 min). This significant enhancement in the kinetic rate
is directly related to the hierarchical flower-like morphology and the assembly of thin nanosheets
identified in the SEM analysis, which provide a high specific surface area and abundant active sites
for the generation of reactive oxygen species. By the 40-minute mark, the In(C/C) value for ZnO-
400 reached approximately 2.3, indicating a rapid and efficient degradation process compared to
the negligible changes observed in the catalyst-free control. The high linearity of the ZnO-400 plot
suggests a stable and consistent catalytic process throughout the duration of the experiment.

The photocatalytic performance of ZnO-400 compares favorably with recently reported ZnO-
based systems. Khao et al. achieved 99% MB degradation using hydrothermally synthesized ZnO
nanoparticles after 75 minutes of UV irradiation at 254 nm with a catalyst loading of 0.375 g/L [16].
Saadi et al. reported a degradation efficiency of 72.3% for methylene blue using sol-gel-derived
ZnO nanoparticles under UV irradiation, which is lower than the 90.8% achieved by ZnO-400 in
only 40 min. [17]. Krobthong et al. compared ZnO nanoparticles prepared by precipitation and
combustion, obtaining apparent rate constants lower than the rate constant of 0.109 min™!' determined
for ZnO-400 [18]. Atta et al. demonstrated 75% MB removal in 3 hours using ZnO thin films under
UV irradiation [19]. The strong performance of ZnO-400 is attributed to the hierarchical flower-like
architecture assembled from ultrathin nanosheets, which provides a higher active surface area and
more efficient light harvesting compared to the conventional nanoparticle or thin-film morphologies
used in these studies.

Next, the effects of catalyst dosage and the presence of various anions on MB photodegradation
were studied (Figure 4).
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Figure 4 — MB photodegradation at different ZnO-400 catalyst dosages (a)
and in the presence of various anions (ZnO 0.2 g/L) (b)

The effect of catalyst dosage on photocatalytic degradation was evaluated by varying the ZnO
concentration from 0.1 to 0.8 g/L (Figure 4a). MB degradation increased from (94.4 + 1.1)%to (99.0 £
0.6)%, indicating that higher catalyst loadings provide more active sites and enhance reactive
oxygen species generation. The most notable improvement occurred between 0.1 and 0.2 g/L, where
degradation reached (98.7 £ 0.5)%. Beyond 0.2 g/L, only marginal gains were observed, suggesting
that the system approached saturation and that factors such as light shielding and increased turbidity
may limit further improvement [4, 14]. Therefore, 0.2 g/L can be considered a near-optimal catalyst
dosage, providing high degradation efficiency while maintaining efficient light utilization and cost-
effectiveness. The analysis of the interfering ions (Figure 4b) shows that MB degradation remained
high in the presence of common anions (50 ppm), with degradation efficiencies of (99.0 + 0.1)% for
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CI, (99.5 = 0.2)% for NO,’, (99.5 + 0.6)% for HCO,, and 100% for CO,>. The minimal variation
among different ions indicates that coexisting anions have little influence on the photocatalytic
process. This high tolerance to interfering species highlights the potential of the ZnO-400 catalyst
for practical wastewater treatment applications.

The analysis of the scavenger radicals identifies the primary reactive species driving the dye
degradation process by observing the reduction in degradation efficiency upon the addition of specific
quenching agents (Figure 5) [1, 16].
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Figure 5 — Effects of radical scavengers (10 mM each)
on MB photodegradation by ZnO-400 (0.2 g/L).

The most significant suppression occurs with the addition of isopropanol (IPA), which drops the
degradation efficiency to (54.7 £+ 4.4)%, indicating that hydroxyl radicals (*OH) are the dominant
oxidative species in the system. Potassium iodide (KI), used to scavenge holes (h*) and surface-bound
hydroxyl radicals, results in an MB degradation of (64.9 + 3.1)%, suggesting that photogenerated
holes also play a substantial secondary role in the reaction mechanism. Conversely, the addition of
benzoquinone (BQ) has the least inhibitory effect, with the system still achieving (89.1 = 0.6)% dye
degradation, which reveals that superoxide radicals (¢O*) are the least significant contributors to
the overall degradation process. This hierarchy of inhibition (IPA > KI > BQ) clearly establishes a
mechanism primarily governed by hydroxyl radical-mediated oxidation, supplemented by direct hole
oxidation.

Conclusions

Porous flower-like ZnO structures were successfully synthesized via the hydrothermal method
and exhibited excellent photocatalytic activity toward MB degradation. Structural characterization
confirmed the formation of highly crystalline hexagonal wurtzite ZnO assembled from ultrathin
nanosheets, providing a large active surface area for photocatalytic reactions. Under UV irradiation,
the catalyst achieved (98.7 + 0.5)% MB degradation within 40 min and followed pseudo-first-
order kinetics with a rate constant of 0.109 min"'. The optimal catalyst dosage was 0.2 g/L, and
the photocatalytic performance was largely unaffected by the presence of common inorganic
anions. Scavenger experiments revealed that hydroxyl radicals were the primary reactive species,
with photogenerated holes also contributing to degradation. These findings demonstrate that
the synthesized ZnO structures are promising photocatalysts for the efficient treatment of dye-
contaminated wastewater.
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'Hazap0aeB ynuBepcureri, Actana K., Kazakcran
2OyHKIMOHAJIBI MaTepHAIIap HHCTUTYThI, AcTaHa K., Kazakcran

METUWJIEH KOI'IH YK-COVYJIE ACTBIHJIA BIABIPATYFA APHAJIFAH
HNEPAPXUSAJIBIK I'YJI TOPI3/II ZNO CUHTE3I )KOHE OHbIH
OOTOKATAIMTUKAJIBIK BEJICEHALJIITT

Anjarna

3eprTeyae KopllaraH OpTaHbl Ta3apTyAarbl (POTOKATAIUTHUKAIBIK THIMIUIIKTI apTThIPY MakcaThbIHa HEecerl-
Hop MeH CTAB-THI minmH Ty3ymi areHTTep peTiHze MaiijanaHa OTBHIPBI, TMAPOTEPMHSIBIK JIICTIEH KEYeKTi,
HWEPAPXUSIIBIK TYJ TOPi3di MBIPHII okcuai (ZnO) KypBUIBIMBI COTTI cuHTEe3Aenmi. CKaHepieymr 3JIeKTPOHIBIK
mukpockorus (SEM) xone pertrenzik audpaxmms (XRD) HoTmxkenepi aca jxyka HaHOTapaKIIadapAaH KypaiaraH
JKOFapbl KPUCTAIIBIK Ta3a TeKCaroHabAbl BIOPIUT (a3achlHBIH TY3UIreHiH pactaapl. CunTesnenred ZnO-IbIH
(dorokaramuTuKanslk Kacuerrepi 365 M YK-coyne acepinae meruieH kerin (MB) biibIpaty apKbUibl 3epTTENI.
Karanuzarop 40 MunyT iminge 60sreiThiH (98.7 £ 0.5)%-bIH BIABIPATHIN, PEaKINs KbUIIaMIBIFBIHBIH TYPAKTHICHI
0.109 muH"' GonaThiH KacaHAbl OIPIHII PETTi KWHETHKAIBIK MOJEIbIe COHKeC KOFapbl OCICEHIUTIK KOPCETTi.
OHTalmaHasIpy 3epTTeyiepi Katamm3atopasH 0.2 T/1 Mermiepi THiMII ekeHiH aHbIKTaabl. COHBIMEH Oipre, Katap
KYPETIH HOHIAPIBIH 9CEPiH 3€PTTEY HOTHKEIEPT AKYHEHIH 9pTYpIti Kopmiaran opta annoraapeiaeid (Cl, NO,, HCO,
CO,*) KaTbICYBIH/Ia JIa KOFapbl TYPAKTBLIBIK MEH THIMIUTIKTI caKTalThIHBIH KepceTTi. bencenni Genurexkrepi
TY3aKTay TOKipuOenepi rerpajanus MexaHu3Mi HeTi31HeH rIpoKcul paaukanaapbiHbiH (*OH) TOThIFy opekeTiMeH
JKY3€ere acaTblHbIH, ajl poTorenepanmsuianFal kemTikrepaiH (h*) KockIMIna yinec KOcaTbIHBIH aHBIKTa bl AJIBIHFaH
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HOTUIKECIIEP CUHTEC3ACIITCH KeyeKTi /n0O KYPBUIBIMBIHBIH, KOMMYHAJIABIK aFbIHABI CyJlapAarbl TYPAKTbl OpTaHUKAJIbIK
JACTAFBILITAP/IBI BIABIPATYFa apHAJFaH JKOFApbl THIMI, TYPAKThl )KOHE DKOJOTHSIBIK Kayirnci3 dorokaramuszarop
€KEeHIH KOpCeTe/i.

Tyiiin ce3mep: MBIPBII OKCHUJ, THAPOTEPMUSUIBIK CHHTE3, METHJICH Keri, (DOTOKAaTaJUTHKAJBIK BIIBIPAY,
HepapXUsIIBIK HAHOKYPBUTBIM/IAP.
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CHUHTE3 U ®POTOKATAIUTUYECKASA AKTUBHOCTbD
HEPAPXUYECKOI'O HBETKOIIOAOBHOI'O ZNO AJIA JEI'PAJALIINA
METUJIEHOBOI'O CHHEI'O IO AEMCTBUEM Y®-U3JTYUYEHUSA

AHHOTAHUA

B nanHo# paboTe METOI0M THAPOTEPMAIFHOTO CHHTE3a C MCIIOJIb30BAHUEM MOUYEBHHBI U IETHITPHUMETHIAM-
mounit Opomuaa (CTAB) B kauecTBe CTPYKTypoOOpa3yIOUINX areHTOB Obla YCIIEITHO TONyYeHa MOpHCTas ne-
papxudeckasi IBETKOIIOI00HAsI CTPYKTypa okcuaa muHka (ZnO), mpeanasHadyeHHast JJis TOBBIICHUs (OTOKATaIH-
THYECKOH 3(h(EKTUBHOCTH B NPOLIECCAX OYMCTKH OKpy»Karouien cpeabl. CTpyKTypHasl XapaKTepUCTHKA C UCTIONb-
30BaHUEM CKaHHMPYIOILEH 3ekTpoHHON Mukpockonuu (SEM) u pentreHoBckoit nudpaxiun (XRD) noxreepauia
(hopMupoBaHye BHICOKOKPUCTAIUTMUECKON YNCTON reKcaroHaIbHOH (ha3bl BIOPIMTA, COCTOSIIIEH U3 YIBTPATOHKHX
HaHonmucToB. PoTOKaTaNMTHYECKasi aKTHBHOCTh CHHTE3UpOoBaHHOTO ZnO ObUIa HCCIeIOBAaHA HAa IPUMEpE JIeTpajia-
[IMU KpacHUTeNs MeTHIeHoBoro cuaero (MB) mon Bo3aelicTBreM ynbTpaduoneroBoro m3mydeHus (365 am). Kara-
JU3aTop 00eCHeym BRICOKYIO CTENeHb pasiokeHus kpacurens — (98.7 £ 0.5)% 3a 40 MHHYT, IpH 3TOM IIpOIIECC
TOMUHHSIICS KHHETHICCKOW MOJICIH TICEBIONEPBOTO MOPSIKA ¢ KOHCTaHTOH ckopocTu peakimu 0.109 mun'. Hc-
CJIE/IOBaHMS 10 ONTHMHU3AIMH TTOKa3aJIH, YTO J03UpOoBKa Karaiuzaropa 0.2 r/i sBiseTcs OJu3KOH K ONTHMAIBHOM.
TecTpl Ha COBMECTHOE MPUCYTCTBHE HOHOB IIPOIEMOHCTPHPOBAIIM BEICOKYIO CTaOMIIBHOCTD CHCTEMBI U 3(h(eKTHB-
HOCTB yAAJICHUS 3arpsi3HATENS B TPUCYTCTBUN Pa3JIMUHBIX KOHKYPUPYIOIMINX aHWOHOB OKpyskatomer cpenst (Cl,
NO,, HCO,, CO,*). Uccrnenopanus ¢ UCMOTb30BAHMEM JIOBYIIEK AKTHBHBIX YACTHIL BBIIBUIIM BBIPAKEHHYIO He-
papXur0 MHrHOUpPOBaHUsI, TI0OKa3aB, YTO MEXaHU3M JAErpajallui MPEUMYIIEeCTBEHHO OIPEIEIsAeTCsl OKUCICHUEM C
yyacTHeM TMIPOKCHIBHBIX paaukanoB (*OH), mpu pomomHuTeNbHOM BKIazne GpoToreHepupoBaHHbIX AbIpok (h').
[onyueHHbIe pe3ynbraThl CBUAETENBCTBYIOT O TOM, YTO CHHTE3MPOBAaHHAsI MOpUcTasi apxurekrypa ZnO sBisiercs
BBICOKO?()(DEKTHBHBIM, CTAOMIEHBIM U 9KOJIOTHYECKH YCTOMYMBBIM MaTEPHAIIOM JUTS YIAJICHUS CTOMKUX OpraHude-
CKHX 3arps3HUTENEH U3 KOMMYHAIBHBIX CTOYHBIX BOI.

KarodeBble cjioBa: OKCH/ NMHKA, THAPOTEPMAIBHBIA CHHTE3, METWJICHOBBIA CHHHUH, (OTOKATATUTHYECKAs
JeTpaialys, HepapXuIecKue HaHOCTPYKTYPBI.
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