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EVALUATION TEMPLATES ACTING ON NANOPARTICLES

Purpose. Investigation of the influence of templates on nanoparticle size of cerium dioxide.

Methodology. Cerium dioxide nanoparticles are obtained on carbon, aluminum silicates, nanotubes,
kaolin and in solution by chemical precipitation from solutions of cerium salts in an alkaline medium. The
particle size of cerium oxide was determined by transmission electron microscopy.

Results. Cerium dioxide nanoparticles are obtained on carbon and halloysite nanotubes,
kaolin and in solution by sol-gel method.

Scientific novelty. A method is proposed for quantitative comparison of the structure-
forming effect of templates on particle size under identical conditions for their synthesis.

Practical value. It was shown that with the use of organic templates and ultrasonic treatment during
the synthesis, it is possible to reduce the nanoparticle size.
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Introduction. Nanoscale tubes, due to their morphology, are attractive as carriers for the synthesis of
nanoparticles on their surfaces and in cavities in order to create demanded materials with the necessary
physical and chemical properties [1, 2]. For example, carbon and aluminum silicates (halloysite) nanotubes
successfully counteract corrosion due to the physical barrier to the aggressive agents they create. The cerium
compounds have an anticorrosive protection of metals by the cathode mechanism. The composites
synthesized by us, containing nanotubes and cerium oxide, showed a synergy in the anticorrosive action.
These materials, according to X-ray phase analysis data, contain cerium dioxide of a cubic structure. The rate
of release of biologically active molecules and other compounds adsorbed on nanotubes in solution is 50-100
times lower than for micro- and nanoparticles of other carriers. We have developed composite silicate
materials, carbon nanotubes/cerium oxide for use in oxidation-reduction catalysis and other fields [3, 4].

During the work on applying modifiers and establishing the properties of materials, the task was to
guantitatively compare the effect of the nature of the templates (carriers) on the particle size of the cerium
oxide. The aim of the publication is to establish the quantitative regularities of the formation of cerium
dioxide on carbon and halloysite nanotubes, kaolin and in solution under identical synthesis conditions.

Objectives. The syntheses used catalytic multilayer carbon nanotubes (Nanothinx S.A.) with
diameters of 12-31 nm of 97% purity (about 2% is iron-containing catalyst and less than 1% pyrolytic
carbon), halloysite nanotubes (NaturalNano, Inc.) with diameters of 25-50 nm 88-95% purity and kaolin (P-2
"Disten Limited"). Templates (carriers) were modified by precipitation of cerium oxide from solutions of
salts in an alkaline medium. The synthesis of cerium oxide without templates was also carried out.

The synthesis conditions for obtaining samples with 5% cerium oxide content were given identical
(automated reactor "Syrris"): the temperature of the reaction mixture was 23 °C, the weight of the template
carrier (50 g), the constant stirring speed of the reaction mixture throughout the synthesis process 1200 rpm),
the rate of addition of reagent solutions and their concentrations (1M Ce(NOz)z, 50 ml/min, 2M NH,OH, 5
ml/min). The time of each synthesis was determined by the achievement of pH=8.5. The resulting precipitate
of cerium composites or cerium oxide was filtered off and dried at 120 °C.

According to atomic emission spectrometry (ICPE-9000, Shimadzu), cerium content in the samples
in terms of dioxide is 4.374£1.335 (carbon nanotubes of CNT/CeO,), 4.96+0.025 (silicate nanotubes of
GNT/CeO,), 4.85+0.015 (kaolin of Kaol/CeO,) and 5.06+0.005% (solution Solut/CeO,), the uncertainty
value of the confidence interval is given. In reproducible syntheses, the underestimated results of the content
of cerium oxide are probably primarily explained by the effect of the filtration step in the synthesis process.
The samples were characterized with a Hitachi H-800 transmission electron microscope (TEM) using the
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electron diffraction method in the selected region. The particle size was determined on TEM images in a
dark field using a linear measurement program and sampling more than 100 particles for each sample. The
UV spectra of the powders were recorded on a UV-VIS-NIR spectrophotometer UV-3600, Shimadzu in the
reflection mode in the 220-800 nm range with an instrument uncertainty of £1 nm.

Research results. Usually, in order to obtain nanoscale inorganic particles, the conditions for the
synthesis are carefully chosen: the concentration of the reagents, the rate of addition and mixing of the
components, the pH of the medium, the temperature, and the template. Effective action of organic and
inorganic templates is due to two factors - chemical (surface nature, the ability to form chemical and
hydrogen bonds, the formation of intermediates, etc.) and physical (size, morphology, aggregation ability,
thermal conductivity, etc.). Our experience suggests that cerium dioxide in the nanoscale can be produced in
a wide range of concentrations up to 20% using nanosized oxide carriers from dilute solutions [5].

TEM images of synthesized materials in light and dark fields provide reliable information on the
particle size of the oxide. In the materials on the carriers, the modifier particles are observed to be much
smaller in size, different morphology than the particles of carriers and impurities. The differences between
pure carriers and modified ones are especially noticeable in TEM images in a dark field. Electron diffraction
studies of modifying particles in the samples revealed reflexes d(hkl)=3.12(100), 2.7(200), 1.89(220), and
1.64 A (311), which identify the cubic structure of cerium dioxide. X-ray diffraction analysis also confirmed
the formation of crystalline cerium dioxide during the synthesis. Significant blurring of the modifier signals
can be explained by the size effect and the low degree of crystallinity of cerium dioxide. The particle size of
cerium dioxide for the samples ranges from 1-7.8 nm for CNT/CeO,, 2-14.5 for GNT/CeO, and 3.9-19.8 nm
for Kaol/CeO,. The maximum particle size distribution of cerium oxide is 2.4, 4.8 and 7.6 nm, respectively.
We estimated the error in determining the dimensions by about 5-7% for the mean diameter and 10-15% for
the maximum distribution. The choice of particles in the images was carried out in homogeneous regions
without visible regions of aggregation. Obviously, in the series of kaolin, halloysite, and carbon nanotubes,
the effect of the carrier effect on the unit of mass contributing to the formation of particles with a smaller
diameter is observed. The particle size of CeO, synthesized without carriers was 3.5-16.8 nm. It lies between
the dimensions of the oxide particles on the GNT and kaolin. Consequently, nanotubes contribute to a
decrease in the size of the synthesized particles - a positive templating action, and kaolin to increase - a
negative templating action.

The quantitative evaluation of the structure-forming action of 3 can be expressed as a function of the
effect of the template during the synthesis on the size of the particles of the same type B=(d,-d;)/d,-100%,
where d; is the average particle diameter that is formed without the template carrier, d; is the average particle
diameter, formed under the influence of the template. This estimate is valid for the same series of syntheses
under identical conditions. The templating influence is suggested to calculate the maximum particle size
distribution for the size By,=(dms-dme)/dms-100%, where dy, is the maximum particle distribution that is formed
without the template carrier, d, is the maximum distribution of the particles formed under the effect of the
template. Obviously, the accuracy of determining the average particle diameter and the maximum diameter
distribution will be different. Carbon nanotubes, according to the calculation of the templating action, have
the greatest positive effect on the size of the synthesized cerium oxide (Table). The structural-forming effect
of CNT on the average diameter was 49.3%, with a maximum distribution of 53.8%. The difference in the
value is within the measurement error. Kaolin, on the contrary, contributes to the formation of particles of
large sizes, so the values of p and B, have a negative sign -19.4 and -46.2%.

With the use of organic templates and ultrasonic treatment during the synthesis, it is possible to
reduce the particle size by a factor of two, and the effect of ultrasound and other factors can also be described
guantitatively by the method proposed above [6].
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Table 1

Calculation of the structure-forming effect of the templates on the particle size of cerium
dioxide at d;=6.7 and dy,s=5.2 nm

The structure-
Maximum The structure- forming effect
Samples Average particle particle size forming effect | on the maximum

diameter d;, nm | distribution dn, | on the average of the

nm diameter B, % distribution of
Bm! %
CNT/CeO, 3,4 2,4 49,3 53,8

GNT/CeO;, 6,3 4,8 6,0 7,7

Kaol/CeO, 8,0 7,6 -19,4 -46,2

In macro- and microcrystalline samples, tetravalent cerium in the UV region gives a signal of about
400 nm, which corresponds to the transition of the charge O%(2p)—Ce**(4f). The signal overlaps with an
electronic transition of 5d1—4f1 Ce*" ions. Usually, defects in the form of trivalent cerium are fixed in the
structure of cerium dioxide, the appearance of which is due to the low energy of the Ce**«>Ce*" transition.
During the synthetic procedure, the oxidation of cerium (I11) hydroxide probably does not occur until the
end, and the Ce**—Ce®" reaction also takes place upon contact with the reducing agents. Ce** ions are
embedded in the crystal structure of cerium dioxide instead of Ce** as a defect and the spectral transition O
(2p)—Ce™ (4f) is observed about 250 nm [7]. A number of functional properties of cerium dioxide, including
physiological, is determined by the size factor and the Ce**/Ce®" ratio. The UV spectra of nanocomposite
samples with cerium dioxide nanoparticles revealed maxima at 370-420 nm and 260-290 nm. In this case,
the templates have their own signals in the UV region, which makes interpretation of the spectra difficult and
an analysis of the ratio of tri- and tetravalent cerium depending on the particle size of cerium dioxide.

Conclusion. Cerium dioxide nanoparticles are obtained on carbon and halloysite nanotubes, kaolin
and in solution by sol-gel method. The particle size of the modifier was determined by the transmission
electron microscopy method. Electron diffraction studies have established that the modifiers are cerium
dioxide particles of a cubic structure. A method is proposed for quantitative comparison of the effect of
templates on particle size under identical conditions for their synthesis.
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BU3HAYEHHS CTPYKTYPO®OPMYIOUYOI J1i TEMILJIATIB HA CUHTE3
HAHOYACTOK
BPUYKA A.B.!, BPUUKA C.51.2

1 . eee .. o .
Tnemumym ximii nogepxui im. O.0. Yyiixa HAH Vkpainu
20n . . o . o .
Kuiscokuii nayionanehuii ynieepcumenm mexnono2it ma Ou3aimy

Mema. J[ocniodicerHst 618y meMniamis Ha po3mip HAHOYACIMUHOK OIOKCUOY Yepiio.

Memoouxa. Hanouacmxu oxcudy yepito 00epicani Ha 8Veiil, CULIKami antoMiHilo, HaHOMPYOKax,
KQOMIHI 1 8 PO3UUHT MEMOOOM XIMIUHO2O OCAONCEHHS 3 POZHUHIB CONell YEPIto 8 JyCHOMY cepedosuyi. Pozmip
YACMUHOK OKCUQOY Yepito SUBHAYATU MEMOOOM MPAHCMICIUHOIL eleKMPOHHOT MIKPOCKONI.

Pezynomamu. Ompumari HAHOUYACMUHKU OKCUOY Yepito HA 8y2leyedux 1 2al0i3UMHUX HAHOMPYOKAX,
KAOJIHI ma 6 pO34UHi 3 BUKOPUCIIAHHAM 30/1b-2€lb MEMOO).

Haykoea nogu3na. 3anponoHo8ano memoo KilbKiCHO20 NOPIGHAHHA CMPYKMYPOPOopmy0uoi
0ii memniamie Ha po3Mip YACMOK NPU I0eHMUYHUX YMOBAX iX CUHME3Y.

Ilpakmuuna 3nauumocms. llokazano, wo WIAXOM GUKOPUCMAHHS OPSAHIYHUX MEMNIAMIE 1
VIbMPA38yKoB0i 00poOKU 8 Npoyeci CUHME3) MONCHA IMEHULYB8AMU POIMID HAHOYACOK.

Knwuoei cnoea: cunmes, memniam, HaHompyOKU, KAONIH, OKCUO Yepito, pO3MIP YACMOK.

OINPEJIEJIEHUE CTPYKTYPO®OPMHUPYIOIIEIO JEHCTBHUA TEMILIATOB HA
CHUHTE3 HAHOYACTHILL
BPUYKA A.B., BPUYKA C.41.

Hnemumym xumuu nosepxnocmu um. A.A. Qyiko HAH Yrkpaunoi
Kuesckuil nayuonanvhulil ynugepcumem mexmono2uti u Ou3aina

Llens. Hccneoosanue enusnus memniamos Ha pazmep HaHOYacmuy 08YOKUCU Yepusl.

Memoouka. Hanouacmuyvl okcuoa yepus NOIYYEHHbl HA Y2ie, CUIUKame anoMUHUs,
HaHOmMpyOKax, KaoiuHe u 8 pacmeope MemoooM XUMUYECKO20 0CANCOeHUs U3 pAcmeopos cojlell
yepus 6 wenounoll cpede. Pasmep uacmuy okcuda yepusi onpeoeninu Memooom mpaHcMUcCUOHHOU
91eKMPOHHOU MUKPOCKONUUL.

Pezynomamul. [lonyuennvl Hanoyacmuyvbl OKCUOA Yepusi HA YeaepOOHbIX U 2ANOUSUMHUX
HAHOMpPYOKax, KAOIUH U 8 pacmeope ¢ UCNOb30BAHUEM 30]1b-2€lb Memooa

Hayunasn HO6U3HA. IIpeonoorcen mMemoo KOIUYECE8EHHO20 cpasHeHus.
cmpykmypogopmupyrowe2o 0elcmsus memMniamos Ha pasmep yacmuy npu UOeHMUYHbIX YCI08USX
ux cunmesa.

Ilpakmuueckan 3nauumocms. Ilokazano, 4mo nymem UCNONb308AHUS OP2AHUYECKUX
MeMNIAmo8 U YibmpasgyKoeol 00pabomku 6 npoyecce CUHME3d MOMCHO YMEHbUAMb pasmep
Haunouacmuy

Knrwoueswie cnosa: cunmes, memniam, HaHompyOKu, KAOAUH, OKCUO Yepusl, pasmep 4acmuy.
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