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EFFECT OF ZINC NITRATE CONCENTRATION ON OBTAINING
ZINC OXIDE MICRO- AND NANOPARTICLES

Abstract. In recent years, there has been much interest in metal micro-
and nanoparticles in terms of the improvement of the physical and chemical
properties of materials. The purpose of this work was to study the effect of
zinc nitrate concentration, being the initial precursor, on obtaining zinc oxide
micro- and nanoparticles. The latter were synthesized by precipitation at initial
zinc nitrate concentrations of 0.05; 0.08; 0.1; 0.12 mol. The materials obtained
after deposition were analyzed on a JSM 6610 LV, JEOL scanning electron
microscope to determine the size and shape of zinc oxide micro- and nanopowder
samples. X-ray diffraction patterns of zinc oxide samples were obtained on a
DRON-4 X-ray diffractometer using copper radiation. The results of the study
showed the effect of zinc nitrate concentration on obtaining zinc oxide micro-
and nanoparticles. At initial concentrations of zinc nitrate of 0.05-0.08 mol, zinc
oxide micro- and nanoparticles have a spherical shape and are organized into
dense agglomerates, which in shape resemble bundles, visible at 50,000 times
magnification. However, when initial concentrations of zinc nitrate reach 0.1-
0.12 mol, in addition to the spherical shape, the formation of rod-shaped zinc
oxide particles is observed, in addition to it, compounds with a more complex
structure are formed. An increase in the initial concentration of zinc nitrate from
0.05 to 0.12 mol increases the formation of zinc oxide from 31.2% to 52.6%. It
is found that the structure and size of micro- and nanoparticles largely depend
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on the reaction conditions and the concentration of the starting products. An
increase in the concentration of the initial reagents leads to the formation of rod-
shaped and needle-shaped particles with sizes that reach up to 0.419 pm.

Key words: zinc oxide nanoparticles, zinc oxide microparticles, zinc oxide
synthesis, various shapes of nanoparticles, nanoparticles.
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MBIPBIII HUTPATBI KOHIEHTPALIMACBIHBIH MbIPBIIII
OKCHUAIHIH MUKPO ’)KOHE HAHOBOJILMEKTEPIH
AJIYTA 9CEPI

AnHoTtanusi. COHFBl KbULAPhl METAZI MHUKPO OHE HaHOOeJIIeKTepl
MarepuagiapiblH  (U3UKAIbIK JKOHE XHMHAJBIK KacCHETTEpIH >KaKcapTyFra
YJIKEH KbI3BIFYIIBUIBIK TyAbIpAbL. OCBI KYMBICTBIH Makcarbl 0OacTamnKsl
MIPEKYPCOP — MBIPBILIT HUTPAThl KOHLUEHTPALMSCHIHBIH MBIPBIII OKCUII MUKPO
KOHE HAHOOOIIEKTEpiH ajyFa dCepiH 3epTTey OOJbIl TaObLIaabl. MBIPbIII
OKCHIHIH MHUKPO >KOHE HaHOOOIIIEKTEpi MBIPBIII HUTPATHIHBIH OacTarKbl
koHneHTparusacel 0,05; 0,08; 0,1; 0,12 Monp ke3iHAE TYHABIPY OAiCIMEH
CUHTE3AeNAl. MBIPbIII OKCHUII MHUKPO 3>KOHE HAHOYHTAKTaphl YITJIEpPiHIH
MeJIIIIepl MEH MIIIIHIH aHBIKTAY YIIiH TYHIBIpYAaH KeHiH aJbIHFaH MaTepuasaap
JSM 6610 LV, JEOL »snexTpoHIbl CKaHEpiey MUKPOCKOIBbIHAA TaldaHHAbI.
MBpIpbI okcual yariiepidid pentreHorpagusics JIPOH-4 mapkassl peHTIeHIIK
TU(QPAKTOMETPAEC MBIC COYJIENEHYIH KOJJaHa OTBHIPBINT aJbIHABL 3eprTey
HOTIDKENIEPl MBIPBII HUTPATBIHBIH KOHIIEHTPALMSCHIHBIH MBIPBIIT  OKCHII
MHUKpPO oHE HAaHOOOJIIEKTEPIH allyFa d9CepiH KOpceTTi. MbIpbIIl HUTPATHIHBIH
OacTankbl koHIIeHTparusachl 0,05-0,08 MoJTb Ke31H1€ MBIPBIIIT OKCUII MUKPO-KOHE
HaHoOeJeKTepi chepanbik minriHIl, onap S0000 ece YIKEHUTIITSH Ke3/1€ THIFbI3
aryioMeparTapra YHWbIMJIACTBIPbUIFAaH, MILIiHAI OallnaMaapra YKCAWTBIHBIFBI
Oaiikanmaznpl. bipak MbIpbIII HUTPAThIHBIH OacTankbl KoHLEHTparuscsl 0,1-
0,12 mounp ke3inzae, chepanbik Gopmaman 6acka, ©3eK TOPI3AI MBIPBIIT OKCHII
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OemmexTepiHiH mnaiina Oomysl Oaiikamanpl. CoHpail-ak, MBIPBII OKCHIIHEH
0acka Kypaen KypbUIIMBI 0ap KOCBUIBICTAp TY3L1eAi. MBIPBIIT HUTPATHIHBIH
6acrankpl KoHIEeHTpauusachiHbIH 0,05-Ten 0,12 Mombre aeiliH apTybl MBIPBIII
OKCUIHIH Ty3u1y Meimepid 31,2%-gan 52,6%-ra apTThIpagsl. MUKpO kKoHE
HaHOOOJIIEKTEPI1H KYPBUIBIMBI MEH MOJIIIIepi KoO1HEeCe peaKITus )KarJaiapbiHa
yKoHe 0acTarKbl OHIMIACP/I1H KOHIICHTpAlUsSIChIHA OaIaHBICThI €KEHI aHBIKTAJIIBI.
bacrankpl peareHTTep KOHIEHTPALMSACBIHBIH >KoFapbuiaysl enmemaepi 0,419
WUm JIeiiiH )KeTeTiH 03€K )KOHE WHE TOPI3/i OONIIeKTep/IiH TY3UIyiHEe OKele/i.

Tyiiin ce3aep: MBIPHII OKCHAI HAHOOOIIIEKTEPi, MBIPBIII OKCHII MHUKPO-
OeIIeKTepi, MBIPBIII OKCHII CHHTE31, HAHOOOIIIEKTEPAIH 9pTYPIi popmanapsl,
HaHOOOJIIIEKTE.
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BJIMSAHUE KOHIEHTPAIITMU HUTPATA IUHKA
HA ITOJIYYEHUME MUKPO- U HAHOYACTUI
OKCHUJIA IUHKA

AHHTOAanusi. B mocnegHue roxbl MHMKpO- M HAaHOYACTHUIBl METAJJIOB
BbI3BAIM OOJIBLION HMHTEpeC Ui YAydlleHHs (QU3MYECKUX MU XUMHUYECKHX
CBOWCTB MarepuanoB. Llenbio HacTosIIel paboThl ABISUIOCH H3YUECHUE BIUSHUS
KOHIIEHTPAIMH1 UCXOIHOTO ITPEKYpCcopa — HUTpaTa [IMHKA Ha OJIyYeHUEe MUKPO-
Y HAHOYACTHUI[ OKCHJA IMHKA. MUKpPO- U HAHOYACTHUIbl OKCHJA LMHKA ObUIM
CHUHTE3MPOBaHbl METOJOM OCAXKJECHMS IPHU UCXOAHBIX KOHLIEHTPALUIX HUTpATa
uunka 0,05; 0,08; 0,1; 0,12 monb. [lonyueHHbIe MaTepUalIbl MOCIE OCAKIACHUS
ObUIM TPOAHAIM3UPOBAHBl Ha 3JIEKTPOHHO-CKaHMPYIOLIeM MHUKpockore JSM
6610 LV, JEOL nmns ompenenenust pazmepa u (opmbel 00pa3lioB MHKpPO- U
HAHOIOPOIIKOB OKCHJIA IIMHKA. PeHTreHorpaMmbl 00Opa3loB OKCHAA IIMHKA
ObUIM TIOJIY4YeHbl HAa PEHTIeHOBCKOM nu¢ppaktomerpe wmapku JPOH-4 ¢
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WCIIOJIb30BaHUEM MEAHOTO M3NydeHHs. Pe3ynbrarhl McclieoBaHUsS MOKa3aiu
BIIMSIHME KOHIICHTPAI[MM HUTpaTa LIMHKA HAa TMOJTy4YeHHEe MUKPO- U HAHOYACTHII
okcuja nuHkKa. [Ipu WCXOmHBIX KOHIEHTpamusax Hutpara muHka 0,05-0,08
MOJIb MHUKPO- M HAaHOYACTHIIBI OKCHJIa ITMHKAa UMEKT chepuyeckyro (opmy,
KOTOpBIE OPTraHW30BaHbl B IUIOTHBIE arjioMeparhl, Mo (HopMe HaIOMUHAIOIINE
Iy4Kkd U 3amMeTHbl yxke npu yBeaundeHuu 50000 pa3. Ho yxe mpu MCXOAHBIX
KOHLeHTparusx Hutpara muHka 0,1-0,12 monb, kpome chepuueckoir Gpopmsl,
HaOmonaercss 00pa3oBaHME YAaCTHI[ OKCUAA LMHKA CTEP)KHEBUIHOU (HOPMBI.
Take KpomMe OKcuAa IUHKAa OOpa3ylOTCs COEAMHEHHS, HMerolue Oonee
CIOXKHYIO CTPYKTYpY. YBEIWYEHHUE HMCXOJAHOW KOHIIGHTpPAllUM HUTpATa IMHKA
¢ 0,05 mo 0,12 monp yBenTMYMBAET KOJIUYECTBO O0OpAa30BaHUSI OKCHJA IIMHKA C
31,2% nHa 52,6%. YcTaHOBIIEHO, UTO CTPOEHHUE U pa3Mepbl MUKPO- U HAHOYACTHIL
B OOJIBIIION CTEMEHU 3aBUCST OT YCIOBUHN PEAKIIUN U KOHIICHTPAIIMH HUCXOIHBIX
MPOAYKTOB. YBEIUYEHUE KOHLEHTPALMU HCXOJHBIX PEareHTOB NPHUBOJUT K
00pa30oBaHMIO YACTHIl CTEPKHEOOpa3HOW M HUIII000pa3HOi (OpPMBI, pazMepsl
KoTopbIX aocturatot 10 0,419 um.

KiioueBble cjioBa: HAaHOYACTHUIIBI OKCHIA ITMHKA, MHUKPOYACTHIII OKCHIA
[IMHKA, CHHTE3 OKCHUA IIMHKA, Pa3JIMUHbIe ()OPMBI HAHOYACTHUI], HAHOYACTHUIIHI.

Introduction. In recent years, there has been much interest in metal micro-
and nanoparticles nanoparticles in terms of the improvement of the physical
and chemical properties of materials. Also, metal nanoparticles are known to
be used for antibacterial treatment of fibrous materials (El-Nahhal et al, 2013;
Rodriguez-Tobias et al, 2019; El-Nahhal et al, 2018; Farooq et al, 2020; Oun et
al, 2020; Kalwar et al, 2019; Emam et al, 2013).

Extensive research of zinc oxide micro- and nanoparticles has been conducted
because of their optoelectronic, catalytic, and photochemical properties. The
main advantage of zinc oxide micro- and nanoparticles is their low price and
rapid degradation under environmental conditions, which reduces the ecosystem
load (Liu et al, 2007; Bhuyan et al, 2015; Moafi et al, 2011).

Zinc oxide is widely used to treat a number of different skin diseases since it
has anticancer properties and is being investigated as an associate of antibacterial
agents in every micro- and nanoscale formulation (Mirzaei et al, 2017; Bhuyan
et al, 2015; Sanchez-Lopez et al, 2020; Negut et al, 2018).

To obtain zinc oxide micro- and nanoparticles, various initial precursors and
precipitants are used at various concentrations. In paper ([ Varaprasad et al, 2016),
zinc nitrate (Zn(NO,),) at a concentration of 0.05 mol and ammonium hydroxide
(NH,OH) was used as initial precursors, but the process of nanoparticle deposition
was carried out at room temperature. Synthesis of zinc oxide nanoparticles was

60



Volume 3, Number 452 (2022)

carried out for 3 hours, and the resulting precipitate then was dried at 120°C for
2 hours.

The paper (Shamsipur et al, 2013) describes an efficient one-stage thermal
decomposition method for obtaining zinc oxide nanoparticles from a zinc
carbonate precursor. Synthesis of zinc oxide by thermal decomposition was
carried out in a furnace in a static air atmosphere at 700°C for 2 hours. ZnCO,
nanoparticles were obtained in the range of 15 to 70 nm.

In paper (Taussarova et al, 2020), zinc chloride (ZnCl,) at a concentration of
0.05 to 0.4 M and a precipitant sodium hydroxide (NaOH) at a concentration
of 1 to 8 M were used for the initial precursors. It is shown that an increase in
the concentration of the initial reagents leads to the formation of micro- and
nanoparticles of various shapes.

In paper (Simonenko et al, 2018), it was shown that thermal treatment
at a temperature of 125°C and a holding time of 2 h, zinc oxide micro- and
nanoparticles assume a shape close to spherical, while rod-shaped particles are
also formed. Rod-shaped particles are organized into dense agglomerates, which
in shape resemble bundles; at higher temperatures, however, no aggregation of
zinc oxide micro- and nanoparticles is observed.

The purpose of this work is to study the effect of the concentration of
zinc nitrate, being the initial precursor, on obtaining zinc oxide micro- and
nanoparticles.

Research material and methods. Synthesis of micro- and nanoparticles
of zinc oxide. Zinc oxide micro- and nanoparticles were synthesized by the
precipitation method. In this case, zinc nitrate was completely dissolved in 50 ml
of distilled water in a 250 ml beaker at room temperature with constant stirring
for 1 hour. The concentration of zinc nitrate varied from 0.05 mol to 0.12 mol.
Ammonium hydroxide was gradually added dropwise to the aqueous solution
until a white precipitate formed, while the pH was adjusted to 9. After stirring for
3 hours, the precipitate was elutriated several times with distilled water until the
filtrate pH reached 7. After that, it was boiled for 5 minutes to obtain improved
crystallization of zinc nanooxide. The resulting precipitate was dried at 120°C
for 2 hours (Figure 1).

To determine the size and shape of samples of zinc oxide micro- and
nanopowders, a JSM 6610 LV, JEOL (Japan) scanning electron microscope was
used.

X-ray diffraction patterns of the samples were obtained on a DRON-4 X-ray
diffractometer using copper radiation. The modes for obtaining X-ray patterns
of the samples are as follows: the operating voltage on the X-ray tube is 35 kV,
the tube current is 20 mA, the goniometer movement step is 0.05° 20, and the
intensity measurement time at the point is 1.5 sec. During the exposure, the
sample rotated in its own plane at a speed of 60 rpm.
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a b
Figure 1 — Zinc oxide micro- and nanoparticles obtained as a precipitate before
(a) and after (b) drying

Results and Discussion.
The research results are shown in Figures 2-7.

SEl  20kV WD8mm S$520 x50,000 0.5pm
Sample 15426 28 Mar 2022

Figure 2 — Zinc nanoparticles obtained at an initial concentration of zinc nitrate of 0.05 mol
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Figure 3 — X-ray pattern of a sample of zinc nanoparticles obtained at an initial concentration
of zinc nitrate of 0.05 mol:
Zn (OH),(NO,),(H,0),~ 53,3%; ZnO — 31,2%; NH,Zn (OH),(NO,),-3H,0 - 15,5%

Figures 2 and 3 show that, at an initial zinc nitrate concentration of 0.05 mol,
zinc oxide nanoparticles, which are distributed rather unevenly, have a spherical
shape. The X-ray pattern of a sample of zinc nanoparticles confirms the formation
of zinc oxide by 31.2%, the rest of the compound has a more complex structure.

4 : 2 i s
SEI 20kV ~ WDSmm  SS20 X3,000  Spm  — SEI 20kV  WD8mm  SS20 N I T —
Sample 15422 28 Mar 2022 Sample 15419 28 Mar 2022

a b

Figure 4 — Zinc microparticles (larger than 0,200 um) obtained at an initial concentration of
zine nitrate of 0.08 mol: a — 3,000 times magnification; b — 50,000 times magnification
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SEI 20kV WD8mm $S20 x50,000 0.5um T ——
Sample 15430 28 Mar 2022

Figure 5 — Zinc micronanoparticles (larger than 0,100 um) obtained at an initial

concentration of zinc nitrate of 0.1 mol

At an initial zinc nitrate concentration of 0.08 mol, zinc oxide microparticles
larger than 0.200 pm are obtained. They also assume a spherical shape, are
organized into dense agglomerates, which in shape resemble bundles, and are
visible at 50,000 times magnification (Figure 4).

The formation of rod-shaped zinc oxide microparticles of sizes from 0.128 to
0.419 um is observed with an increase in the initial concentration of zinc nitrate
to 0.1 mol (Figure 5).

It is found that the structure and size of micro- and nanoparticles largely
depend on the reaction conditions and the concentration of the starting products.
An increase in the concentration of the initial reagents leads to the formation
of rod-shaped and needle-shaped particles with sizes that reach up to 0.419 pm
(Figures 2, 4, 5).

2000
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Figure 6 — X-ray pattern of a sample of zinc microparticles obtained at an initial
concentration of zinc nitrate of 0.12 mol:

Zn(OH),(NO,),(H,0), - 39,1%; ZnO — 52,6%; NH,Zn (OH),(NO,),-3H,0 — 8,3%
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Figure 7 — Zinc microparticles (larger than 0,200 pm) obtained at an initial concentration of
zine nitrate of 0.12 mol: a — 3,000 times magnification; b — 25,000 times magnification

At the initial maximum concentration of zinc nitrate of 0.12 mol, the zinc
oxide nanoparticles, At the initial maximum concentration of zinc nitrate of 0.12
mol, the zinc oxide microparticles, which are distributed rather unevenly assume,
in addition to a spherical shape, mainly a rod-like one. The X-ray pattern of a
sample confirms the formation of zinc oxide by 31.2%, the rest of the compound
has a more complex structure.

With an increase in the initial concentration of zinc nitrate from 0.05 to 0.12
mol (Figure 6), the amount of zinc oxide formation increases from 31.2% to
52.6%. At the same time, there is a decrease in spherical particles and an increase
in rod-shaped zinc oxide particles, which are visible at 3,000 and 25,000 times
magnifications (Figure 7).

Conclusions. The results of the research showed the effect of zinc nitrate
concentration on obtaining zinc oxide micro- and nanoparticles:

— at initial concentrations of zinc nitrate of 0.05-0.08 mol, zinc oxide micro-
and nanoparticles, which are organized into dense agglomerates and resemble
bundles in shape, have a spherical shape. However, at initial concentrations of
zinc nitrate of 0.1-0.12 mol, in addition to a spherical shape, the formation of
rod-shaped zinc oxide micro- and nanoparticles is observed, which are visible at
3,000 and 25,000 times magnification;

— with an increase in the initial concentration of zinc nitrate from 0.05 to 0.12
mol, the amount of formation of zinc oxide increases from 31.2% to 52.6%;

— it was found that the structure and size of micro- and nanoparticles largely
depend on the reaction conditions and the concentration of the starting products.
An increase in the concentration of the initial reagents leads to the formation of
rod-shaped and needle-shaped particles with sizes that reach up to 0.419 pm.
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