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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 



58

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

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 µm.

 Key words: zinc oxide nanoparticles, zinc oxide microparticles, zinc oxide 
synthesis, various shapes of nanoparticles, nanoparticles.

Г.Ж. Джаманбаева1, Б.Р. Таусарова1, Б.Н. Сүрімбаев2,3*, 
С.Т. Шалғымбаев2

1Алматы технологиялық университеті, Қазақстан, Алматы;
2«Қазақстан Республикасының минералдық шикізатты кешенді ұқсату 

жөніндегі ұлттық орталығы» РМК филиалы «Қазмеханобр» мемлекеттік 
өнеркәсіптік экология ғылыми-өндірістік бірлестігі, Қазақстан, Алматы;

3Әл-Фараби атындағы Қазақ ұлттық университеті, Қазақстан, Алматы.
E-mail: surimbaev@gmail.com

МЫРЫШ НИТРАТЫ КОНЦЕНТРАЦИЯСЫНЫҢ МЫРЫШ 
ОКСИДІНІҢ МИКРО ЖӘНЕ НАНОБӨЛШЕКТЕРІН 

АЛУҒА ӘСЕРІ

Аннотация. Соңғы жылдары металл микро және нанобөлшектері 
материалдардың физикалық және химиялық қасиеттерін жақсартуға 
үлкен қызығушылық тудырды. Осы жұмыстың мақсаты бастапқы 
прекурсор – мырыш нитраты концентрациясының мырыш оксиді микро 
және нанобөлшектерін алуға әсерін зерттеу болып табылады. Мырыш 
оксидінің микро және нанобөлшектері мырыш нитратының бастапқы 
концентрациясы 0,05; 0,08; 0,1; 0,12 моль кезінде тұндыру әдісімен 
синтезделді. Мырыш оксиді микро және наноұнтақтары үлгілерінің 
мөлшері мен пішінін анықтау үшін тұндырудан кейін алынған материалдар 
JSM 6610 LV, JEOL электронды сканерлеу микроскопында талданды. 
Мырыш оксиді үлгілерінің рентгенографиясы ДРОН-4 маркалы рентгендік 
дифрактометрде мыс сәулеленуін қолдана отырып алынды. Зерттеу 
нәтижелері мырыш нитратының концентрациясының мырыш оксиді 
микро және нанобөлшектерін алуға әсерін көрсетті. Мырыш нитратының 
бастапқы концентрациясы 0,05-0,08 моль кезінде мырыш оксиді микро-және 
нанобөлшектері сфералық пішінді, олар 50000 есе үлкейтілген кезде тығыз 
агломераттарға ұйымдастырылған, пішінді байламдарға ұқсайтындығы 
байқалады. Бірақ мырыш нитратының бастапқы концентрациясы 0,1-
0,12 моль кезінде, сфералық формадан басқа, өзек тәрізді мырыш оксиді 
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бөлшектерінің пайда болуы байқалады. Сондай-ақ, мырыш оксидінен 
басқа күрделі құрылымы бар қосылыстар түзіледі. Мырыш нитратының 
бастапқы концентрациясының 0,05-тен 0,12 мольге дейін артуы мырыш 
оксидінің түзілу мөлшерін 31,2%-дан 52,6%-ға арттырады. Микро және 
нанобөлшектердің құрылымы мен мөлшері көбінесе реакция жағдайларына 
және бастапқы өнімдердің концентрациясына байланысты екені анықталды. 
Бастапқы реагенттер концентрациясының жоғарылауы өлшемдері 0,419 
µm дейін жететін өзек және ине тәрізді бөлшектердің түзілуіне әкеледі.

Түйін сөздер: мырыш оксиді нанобөлшектері, мырыш оксиді микро
бөлшектері, мырыш оксиді синтезі, нанобөлшектердің әртүрлі формалары, 
нанобөлшектер.
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ВЛИЯНИЕ КОНЦЕНТРАЦИИ НИТРАТА ЦИНКА 
НА ПОЛУЧЕНИЕ МИКРО- И НАНОЧАСТИЦ 

ОКСИДА ЦИНКА

Аннтоация. В последние годы микро- и наночастицы металлов 
вызвали большой интерес для улучшения физических и химических 
свойств материалов. Целью настоящей работы являлось изучение влияния 
концентрации исходного прекурсора – нитрата цинка на получение микро- 
и наночастиц оксида цинка. Микро- и наночастицы оксида цинка были 
синтезированы методом осаждения при исходных концентрациях нитрата 
цинка 0,05; 0,08; 0,1; 0,12 моль. Полученные материалы после осаждения 
были проанализированы на электронно-сканирующем микроскопе JSM 
6610 LV, JEOL для определения размера и формы образцов микро- и 
нанопорошков оксида цинка. Рентгенограммы образцов оксида цинка 
были получены на рентгеновском дифрактометре марки ДРОН-4 с 
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использованием медного излучения. Результаты исследования показали 
влияние концентрации нитрата цинка на получение микро- и наночастиц 
оксида цинка. При исходных концентрациях нитрата цинка 0,05-0,08 
моль микро- и наночастицы оксида цинка имеют сферическую форму, 
которые организованы в плотные агломераты, по форме напоминающие 
пучки и заметны уже при увеличении 50000 раз. Но уже при исходных 
концентрациях нитрата цинка 0,1-0,12 моль, кроме сферической формы, 
наблюдается образование частиц оксида цинка стержневидной формы. 
Также кроме оксида цинка образуются соединения, имеющие более 
сложную структуру. Увеличение исходной концентрации нитрата цинка 
с 0,05 до 0,12 моль увеличивает количество образования оксида цинка с 
31,2% на 52,6%. Установлено, что строение и размеры микро- и наночастиц 
в большой степени зависят от условий реакции и концентрации исходных 
продуктов. Увеличение концентрации исходных реагентов приводит к 
образованию частиц стержнеобразной и иглообразной формы, размеры 
которых достигают до 0,419 µm.

Ключевые слова: наночастицы оксида цинка, микрочастицы оксида 
цинка, синтез оксида цинка, различные формы наночастиц, наночастицы.

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; 
Rodríguez-Tobías 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; Sánchez-López 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(NO3)2) at a concentration of 0.05 mol and ammonium hydroxide 
(NH4OH) was used as initial precursors, but the process of nanoparticle deposition 
was carried out at room temperature. Synthesis of zinc oxide nanoparticles was 
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carried out for 3 hours, and the resulting precipitate then was dried at 120°С 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 700⁰С for 2 hours. ZnCO3 
nanoparticles were obtained in the range of 15 to 70 nm.

In paper (Taussarova et al, 2020), zinc chloride (ZnCl2) 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 125⁰С 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 0.05o 2θ, 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.

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: 

Zn5(OH)8(NO3)2(H2O)2 – 53,3%; ZnO – 31,2%; NH4Zn5(OH)9(NO3)2·3H2O – 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.

a b

Figure 4 – Zinc microparticles (larger than 0,200 µm) obtained at an initial concentration of 
zinc nitrate of 0.08 mol: a – 3,000 times magnification; b – 50,000 times magnification
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Figure 5 – Zinc micronanoparticles (larger than 0,100 µm) 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 µm 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 µm 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 µm 
(Figures 2, 4, 5).

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

Zn5(OH)8(NO3)2(H2O)2 – 39,1%; ZnO – 52,6%; NH4Zn5(OH)9(NO3)2·3H2O – 8,3%
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a b

Figure 7 – Zinc microparticles (larger than 0,200 µm) obtained at an initial concentration of 
zinc 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 µm.
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