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In this work, we present the electrochemical synthesis of zinc oxide in the presence of film former MHB 3000 P2
from a sodium chloride solution and the corresponding concentration of MHB 3000 P2 (in the range of 0.05 to 1.0 g/L).
X-ray analysis has been carried out for all 10 samples and synthesized samples are one-phase. A unit cell of the
crystalline structure of the nanoparticles is described as the hexagonal crystal system (Space Group P6smc) and is non-
centrosymmetric. The second coordination environment of the crystal system contains three zinc atoms located in
tetrahedral positions, which accounts for 3/8 of all tetrahedral voids. While the octahedral voids are empty, allowing
for doping with such substances as transition metal atoms that have a tetrahedral environment and are characterized by
small atomic radii (e.g., iron, nickel, cobalt). The obtained nanoparticles were also analyzed using SEM. From the
obtained images, information regarding the width, length, and thickness of the particles was gathered. It is important
to note that the width and length of the particles are quite significant; however, the thickness of the particles ranges
from 25 to 27 nm. For the samples synthesized with the lowest surfactant content (from 0 to 0.15 g/L), particles with
lengths ranging from 50 to 200 nm predominated quantitatively. Overall, the largest number of particles (by width) is
found in the range of 51 to 100 nm for film former concentrations from 0.35 to 0.40 g/L. With an increase in
concentration, the number of particles shifts to the range of 50 to 200 nm (by the length). The average thickness and
width of the particles do not change significantly with increasing surfactant content, unlike the average length. Overall,
it is worth noting the small number of larger particles in each sample; however, these larger particles are crucial for
calculating the average sizes.
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Introduction nanoparticles were measured at 3.07, 3.12, and 3.13 eV,
respectively. The synthesized powder demonstrated
remarkable photocatalytic performance, achieving a 92%
important tool for obtaining modern nanomaterials [1,2]. degradation of methylene blue (MB), suggesting that ZnO
Zinc oxide (ZnO) nanoparticles with different sizes nanoparticles can serve as effective semiconductor
(20, 44, and 73 nm) have been successfully produced ~ Photocatalysts [3]. . _ .
through a hybrid electrochemical-thermal technique. This Zinc oxide is a highly promising oxide semiconductor
process utilized an aqueous sodium bicarbonate material known for its excellent electrical, optical, and
electrolyte along with sacrificial Zn anodes and cathodes ~ Piezoelectric  properties. It has various applications,
in an undivided cell under galvanostatic conditions at  including in field-emission displays, solar cells, and gas
room temperature. The band gaps of the resulting ZnO sensors. Additionally, zinc oxide nanomaterials find use in

Electrochemical synthesis of nanoparticles is an
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electronic, thermal, and quantum devices, as well as in
catalysis and wastewater treatment, where they serve as
adsorbents and photocatalysts [4-6]

In semiconductor materials science, the size of
synthesized nanoparticles and their dispersion is of
significant importance. Typically, monodisperse powders
are preferred. To this end, various size stabilizers are
added to the reaction mixtures. Water-soluble polymers
and surfactants are primarily used as stabilizers [7,8].
Therefore, the search for such substances for the synthesis
of monodisperse nanometer-sized powders and films is
highly relevant.

In the work, we investigate for the first time the effect
of the film-forming agent methylhydroxyethylcellulose on
the sizes of electrochemically synthesized zinc oxide
powders. The product used was branded as MHB 3000 P2.
This is methylhydroxyethylcellulose, a non-ionic
cellulose ether obtained by adding ethylene oxide to
methylcellulose, a white powder that is odorless. It is used
as a highly effective water-retaining agent, adhesive, film
former, stabilizer, etc. The letter 'B' in the name indicates
that more ethylene oxide has been added to achieve a
higher level of molecular substitution (MS); DP = 2.3 —
the level of powderability (degree of grinding of the
product); MS = 1.2 — molecular substitution, in this case,
the attachment of an ethylene oxide molecule to a
cellobiose molecule at the 5-position of the pyranose ring
of cellulose; DS = 4 — degree of substitution of hydroxyl
groups; the viscosity of the substance is 4850 mPaes; NaCl
content is 1.14%; the sieving level (in %) on a sieve size
of 100 pm+180 pm is as follows: <180 micrometer

= 97.40% and <100 micrometer = 63.30%.

I. Experimental details

Nano-sized zinc oxide deposits are obtained by
electrolysis of an aqueous solution containing 1M sodium
chloride and MHB 3000 P2 with a concentration ranging
from 0.05 to 1.0 g/L in galvanostatic mode with two
electrodes — a steel cathode with a surface area of 5 cm?
and a zinc cylindrical anode at a constant temperature of
90 °C. The method is well-described in the works [8-11].
A magnetic stirrer was used to mix the electrolyte solution.
A B5-46 device was used as a DC power supply. For 20
minutes, a constant current of 2.5 A was passed through
the electrolyte solution. The numbering of samples, the
content of surfactants, and the voltage during electrolysis
are presented in Table 1.

I1. Results and discussion

X-ray phase analysis has established that all sam-ples
are pure zinc oxide in the wurtzite modification. The peaks
in all diffractograms completely coincide with the
theoretical diffractogram for zinc oxide in the wurtzite
modification (SG P6amc.) (Fig. 1).

The crystalline structure of the synthesized nanooxide
can be described as a hexagonal close packing (Fig. 2c),
in which zinc atoms are located in the tetrahedral voids.
The structure exhibits two types of interatomic distances:

Table 1.
Conditions of electrochemical synthesis involving MHB 3000 P2
SampleNe | MD1 | MD2 | MD3 | MD4 | MD5 | MD6 | MD7 | MD8 | MD9 | MD 10
Contentof 1 o | 94 | 06 | 08 | 1.0 | 005 | 01 | 015 | 025 | 0.35
Surfactant, g/L
Current, V 6.8 6.3 6.9 7.5 7.5 5.3 55 5.7 5.7 53
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Fig. 1. Diffractograms of bulk deposits obtained for samples Md1-Md10 at a temperature of 90°C, electrolysis time
of 20 minutes, current strength of 2.5 A, and different surfactant contents (g/L): Md1-0.20; Md2-0.40; Md3-0.60;
Md4-0.80; Md5-1.00; Md6-0.05; Md7-0.10; Md8-0.15; Md9-0.25; Md10-0.30 g/L.
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3(Zn-0) = 1.9598 A and §(Zn-O) = 2.042 A (Fig. 2a).
Overall, the crystalline structure is characterized by a low
packing coefficient of the unit cell. This indicates that,
based on the second coordination environment (Fig. 2b),
we see that 3/8 of the tetrahedral voids are filled with zinc
atoms, while all octahedral voids remain unoccupied.
Such a material can be doped with various elements,
particularly iron or cobalt atoms, which can enhance the
magnetic component, among other properties.

Using the Scherrer method, the average thickness of
the obtained particles was determined from the maximum
peaks of the diffractograms. It turned out that the thickness
of the particles calculated by this method [Scherrer’s
method] [12] is in the range of 25 to 27 nm. The average
particle thickness is 26.3 £ 0.7 nm. The presence of
surfactants in the reaction mixture during synthesis
practically does not affect the thickness of the synthesized
particles. This means that in terms of thickness, the
particles are nanosized and uniform.

(0]

a) <
1.9598 A

Fig. 2 - Projection of the crystalline structure of
synthesized ZnO nanoparticles: a) tetrahedron [Zn04]¢;
b) second coordi-nation environment; c) arrangement of
tetrahedra [ZnO4]%".

In addition, the synthesized zinc oxide powders were
investigated using scanning electron microscopy (SEM).
The obtained photographs for all samples and the sample

MD7

synthesized without the participation of surfactants are
shown in Fig. 2 and 3.

As seen in Figs 2 and 3, all particles predominantly
have paddle-like, flat, occasionally tubular, and
occasionally destructured shapes.

To obtain information regarding the average particle
sizes and the distribution of the number of particles by size
in each photograph, all available particles were numbered
and their linear dimensions were determined. The number
of particles in each photograph varied. All particles were
distributed into 16 ranges: 0-50; 51-100; 101-150; 151
200; 201-250; 251-300; 301-400; 401-500; 501-600;
601-700; 701-800; 801-900; 901-1000; 1001-1250;
1251-1500 nm. Based on the sizes of individual particles,
the average length and width of the particles for each
synthesized sample were determined. The average sizes of
particles synthesized in the presence of surfactants were
compared with sample K1, synthesized without
surfactants [9], and presented in Table 2.

Table 2.
Dependence of average zinc oxide particle sizes on MHB
3000 P2 content
I(\:Aﬁéegégg Ier;g;h, w:]c:;h, thicrl1<r:1]ess,
P2, g/L

0 329 133 25.0
0.05 345 155 26.5
0.10 242 110 27.3
0.15 266 111 25.0
0.20 364 123 25.7
0.25 292 127 25.0
0.35 328 127 26.5
0.40 333 150 27.3
0.60 314 127 27.3
0.80 351 153 26.5
1.00 377 135 25.7

After processing the SEM images, it was found that
the length of the particles ranged from 40 to 1300 nm, and
the width ranged from 30 to 460 nm.

As seen from Table 2, the average particle sizes in
terms of length range from 240 to 380 nm, and in terms of

o -
S
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Fig. 2. SEM images of samples synthesized at a current density of 0.5 A/cm2 with a MHB 3000 P2 content of 0;
0.05; 0.10; 0.15; 0.20; 0.25 g/L, respectively.

MD2

MD3
Fig. 3. SEM images of samples synthesized at a current density of 0.5 A/cm? with a MHB 3000 P2 content of
0.35; 0.4; 0.6; 0.8; 1.0 g/l, respectively.

120

MD5



Electrochemical Synthesis of Nanoparticles of Zinc Oxide Using Film Former MHB 3000 P2

width, from 110 to 155 nm. This dependence is more
clearly observed in Fig. 4. As indicated in Table 2 and
Fig. 4, the addition of surfactants from 0.1 to 0.35 g/L
allows for the production of particles that are smaller in
average width compared to the sample obtained without
the addition of surfactants. Additionally, in the
concentration range of 0.1 to 0.15 g/L, smaller average
length particles of zinc oxide are obtained than in the case
of the sample synthesized without surfactants. At other
concentrations, slightly larger particles are synthesized.

400

350 4- —
! . lenth

300

250 v

200 _

» width
Lo L././I—l/. —— B
100 } !

- thickness
y r & A
0 Y 4 Y T ]
0 0.2 0,4 06 08 1

Fig. 4. Dependence of the average linear dimensions of
electrochemically synthesized zinc oxide particles on the
content of MHB 3000 P2.

It should be noted that a significant variation in
particle sizes was observed in each synthesized sample. In
particular, the smallest particles measured 40 nm in
length, while the largest reached 1.3 pm. The percentages
of the number of particles falling into different size ranges
were calculated. For the samples synthesized with the
lowest surfactant content (from 0 to 0.15 g/L), particles

with lengths ranging from 50 to 200 nm predominated
quantitatively; for other samples, a large number of
particles were present across a wider range of sizes (see
Table 3 and Figure 5). Overall, it is worth noting the small
number of larger particles in each sample; however, these
larger particles are crucial for calculating the average
sizes.
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Fig. 5.Histogram of the distribution of the percentage of
the number of particles by length depending on the content
of MHB 3000 P2.

In Table 4 and Fig. 6.there is a distribution of the
percentage of the number of particles by width. As can be
seen from Fig. 6 and Table 4, with the exception of
samples with a surfactant content of 0.35 and 0.40 g/l, the
largest number of particles by width is in the range of 51-
100 nm.

Distribution of the percentage of particle number by length by ranges for samples synthesized with MHB 3&?(? :523.
Sample K1 | MD6 | MD7 | MD8 | MD1 | MD9 | MD10 | MD2 | MD3 | MD4 | MD5
Content O(; /SL”rfaCta”t' 0 [005| 01 |015| 02 |025| 035 | 04 | 06 | 08 | 1
Range
0-50 5.9 2.7 2.5 5 5 7.8 143 | 171 | 4.9 2.5 2.5
51-100 69 | 139 | 375 | 225 | 125 | 26 14.3 86 | 20.8 | 175 | 125
101-150 27.4 8.3 275 | 143 15 2.6 7.1 0 9.8 25 7.5
151-200 69 | 139 | 25 | 143 10 185 | 1138 8.6 98 | 125 | 75
201-250 5.9 8.3 0 9.5 125 5.3 14.3 5.8 7.7 125 | 175
251-300 106 | 8.3 2.5 0 75 | 185 4.8 5.8 7.7 2.5 7.5
301-400 7.6 5.6 5 11.9 10 18.5 9.5 171 | 9.8 20 7.5
401-500 4 13.9 15 5 7.5 5.3 2.4 20 9.8 75 | 175
501-600 9.4 5.6 2.5 7.5 10 5.3 2.4 8.6 2.5 5 7.5
601-700 4.9 5.6 0 5 2.5 2.6 2.4 2.8 9.8 7.5
701-800 6.9 8.3 2.5 2.5 5 0 2.4 0 0 2.5
801-900 0 5.6 2.5 0 0 2.6 2.4 2.8 4.9 2.5 2.5
901-1000 0.9 0 0 0 2.5 7.8 4.8 0 0 2.5 2.5
1001-1250 0.9 0 2.5 2.5 0 2.6 7.1 2.8 2.5 0 7.5
1251-1500 1.8 0 0 0 0 0 0 0 0 2.5 0
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Table 4.
Distribution of the percentage of particle number by width by ranges for samples synthesized with MHB 3000 P2
Sample K1 | MD6 | MD7 | MD8 | MD1 | MD9 | MD10 | MD2 | MD3 | MD4 | MD5
Contentf of MHB 3000P2,g/L | O |0.05] 01 |015| 02 | 025 | 035 | 04 | 06 | 0.8 1
Range
0-50 143 1139 | 225|119 | 125 | 13 26.2 | 284 1241 | 10 15
51-100 426 | 25 | 375|452 | 40 | 395 | 262 | 58 | 268 | 35 | 325
101-150 1431194 | 15 | 214 | 15 | 185 | 143 | 20 | 146 | 125 | 175
151-200 94 | 139|125 ]| 95 20 | 158 | 143 | 143|146 | 10 | 125
201-250 4 1194|125 |95 | 75 5.3 48 | 171|146 | 125|125
251-300 69 | 28 | 75 | 25 0 5.3 9.4 58 | 49 |125]| 5
301-400 7.6 0 2.5 0 5 2.6 4.8 86 | 25 5 2.5
401-500 0 2.8 0 0 0 0 0 0 0 25 | 25
501-600 09 | 28 0 0 0 0 0 0 0 0 0
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Fig. 6. Histogram of the distribution of the percentage of the number of particles by width depending on the content
of MHB 3000 P2.

Conclusions

Increasing the surfactant content does not
significantly affect the average particle size. Slightly
smaller particles are synthesized at a surfactant content of
0.1 to 0.2 g/l..It is obvious that the studied film former
does not contribute to the production of monodisperse
powders. However, the large number of particles with
cavities indicates that such zinc oxide can be used as a
sorbent and catalyst.
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EnexrpoxiMiuyHUIl CHHTE3 HAHOYACTHHOK IIUHK OKCHY B IPUCYTHOCTI
miaiBkoyrsopoBaya MHB 3000 P2

Kagpedpa neopeaniunoi ma @izuunoi ximii, Bonuncexuii nayionanvnuii ynisepcumem imeni Jleci Ypainku, Jyyvx, Yxpaiua,
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“Tuemumym 2eoximii, minepanozii ma pyooymeopennsiim. MI1. Cemenenxa, Kuis, Yxpaina, Smitiukh.Oleksandr@vnu.edu.ua

VY 1iif po0OTi MpencTaBiIeHo eNeKTPOXIMIYHUI CHHTE3 IWHK OKCHAY Y MPUCYTHOCTI IUTiBKOyTBOproBaya MHB
3000 P2 3 po3unHy XJIOpHIYy HaTpito Ta BiamosinHoi koHueHTpanii MHB 3000 P2 (B giamazowi Bix 0,05 mo 1,0 r/m).
Pentrenorpadiuaunii anamiz nposeaeHo ans Bcix 10 3paskiB, cHHTe30BaHi 3pa3ku € onHOo(paszHUMHU. EnemeHTapHa
KOMipKa KPHCTAJTiYHOI CTPYKTYpH HAaHOYACTHHOK ONUCYETHCS SIK FeKcaroHajdbHa KpUCTalliuHa cucTeMa (IpOCTOpoBa
rpyna P63mc) i € HeneHTpocumerpuuHoIo. JIpyre KoopauHaliiiHe cepeaoBHIle KPUCTAIIYHOI CHCTEMU MICTHTh TPU
aTOMHM IIMHKY, [0 PO3TALIOBaHI B TETpAacAPUYHMX MO3MUILIAX, HA sKi mpumazgae 3/8 ycix TeTpacapUYHHUX IyCTOT.
HasiBHICTh OKTaepUYHUX ITyCTOT JIO3BOJISIE JIETYBATH TAKUMHU PEUOBHHAMM, SIK aTOMH IEPEXiTHIX METANIB, SIKi MAalOTh
TeTpaeIpUIHE OTOYCHHS Ta XapaKTePH3YIOThCS MaJIIMU aTOMHUMH pajiiycaMu (HallpHKIIa[, 3a1i30, HiKelb, KOOAJbT).
OTpuMaHi HaHOYACTHHKH TaKOX aHamizyBamu 3a gomoMororo CEM. 3 orpumanHux 300paxkeHp Oyna 3i0pana
iH(pOpMAIIis 1010 ITUPUHH, JOBKWHH Ta TOBIIHN YaCTHHOK. BaXkTMBO BiI3HAYHTH, IO IIMPUHA 1 TOBKHHA YaCTHHOK
JOCHUTB 3HAYHI; OJJHAK TOBIIMHA YACTHHOK KOJIMBA€ETHCA Bif 25 1o 27 HM. A7 3pa3kiB, CHHTE30BaHHX i3 HAUMEHITHM
BmictoM ITAP (Binm 0 nmo 0,15 r/m), kinbKiCHO mepeBaXkajdyM YacTHHKH 3 JOBXHHOKO Bix 50 mo 200 HM. 3araiom,
HaAMOULIbINA KiTbKICTh YaCTHHOK (32 IIMPUHOIO) 3HAXOAWTHCS B jAiana3oHi Bim 51 mo 100 HM 11 KOHICHTpAIii
miiBkoyTBoproBaya Bix 0,35 mo 0,40 r/m. 3i 30iMbIICHHSIM KOHIICHTPAIIii KiTbKICTh YACTUHOK 3MIIIYETHCS B Aiana3oH
Bia 50 10 200 uM (3a HoRxuHOI0). CepemHs TOBIIMHA 1 IMIMPUHA YACTHHOK 1CTOTHO HE 3MIHIOIOTHCS 31 301TbIICHHIM
Bmicty [TAP, Ha BiqMiHYy BiJ cepeaHbOI TOBXKUHM. 3arajJoM, BapTo BiA3HAUYNTH HEBEIHNKE YHCIO BEIUKIX YaCTHHOK y
KO>)KHOMY 3pa3Ky; OJTHaK I1i BEJIMKI YACTHHKH € BUPINIAJBLHUMH JJIs pO3PaxXyHKy CEpeIHIX PO3MIpiB.

KiouoBi cioBa: xpucraniyHa CTpyKTypa, HAHOYAaCTHHKH, PO3IOALT 32 pO3MipaMu, po3MipHHH (akTop.
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